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INTRODUCTION

Thin dolomite members were noted in the Pernian red beds of
western Oklahoma by the earliest investigators. Being by far the
hardest rocks in a series of rather soft sandstones, shales and gyp-
sums, they commanded attention at once, not only because prominently
exposed, but also because they provided quite definite stratigraphic
horizons in an exceedingly irregular and little understood system,
For many years the meagre information given by early workers was
accepted with little modification or addition, partly because the region
was not attractive to economic geologists, and the discovery of rich
oil fields in other parts of the State commanded more urgent attention.
It is the purpose of this report to present what is already known
about these dolomites and to add thereto the results of over two
months observation in the field during 1928 and of a subsequent petro-
graphic study which the writer has made of material collected.

Although this paper is fairly comprehensive, most of the districts
are very summarily considered. The Blaine dolomites of the south-
western part of the State were most thoroughly studied and consider-
able attention was also given the Weatherford district, but on the
whole, the study of these formations is only a prelitninary one. How-
ever, it has been the writer’s aim to include everything in the litera-
ture of western Oklahoma which has a bearing on the study of the
dolomites, as well as his own observations. It is sincerely hoped that
the paper will enable some future worker, even though unfamiliar with
the field. to take up the study where the writer has stopped—a study

which will undoubtedly lead to a clearer understanding of the Permian
system of this region.

DEFINITION OF TERM

In this paper the term dolomite is used in two senses. First, it
is used as a petrographic name for those rocks predominantly made
up of the mineral dolomite with various minor impurities, and also the
closely associated local phases of the same member which appear to
be largely calcite. As a mineral name, it is applied to those carbon-
ates which are only slightly or not at all stained by Lemberg's’® solu-
tion, and which are slowly soluble in cold dilute hydrochloric acid but
rapidly soluble in warm acid.

No attempt will be made to discuss the question of the com-
position of the mineral or the limits of magnesium content within
which the name is properly applied. Ideally, it will be considered a
definite double salt of calcium and magnesium with the latter capable
of being replaced by iron, Ca(Mg, Fe) (COs)e.

"1. Lemberg, J..—Zeitschr. Deutsch. Geol. Gesell: vol. 40, p. 367, 1888.

Steldtman, E.,—Origin of dolomite as disclosed by stains and other methods:
Bull. Geol. Soc. America, vol. 28, pp. 431-450, 1924,

INTRODUCTION 9

DISTRIBUTION OF DOLOMITES

mites are found within a comparatively narrow, but al-
mostTchﬁlt(iir?L(:)us belt, which extends from southern Kz_msas_ between
the 90th and 100th meridian in a general southeasterly direction across
western Oklahoma to northern Washita, _Caddo and Canadian 1cou.rtx-
ties (see fig. 1). Some ten to twenty miles fa_rtheg_sortgth, d((:) oml e
may again be found north of the Wichita Mountains, in Kiowa ouﬁ yd,
and traced around their western extremity and thence south to Re
River.

—.Cotomapa __ [

Figure 1.—Index map of Oklahoma showing general distribution of the
dolomites.

METHODS OF EXAMINATION

tratigraphic relations and occurrence of a large part of the
dolor’rfi}tl:sshavegbegn intensively studied during the last few years bly
several economic geologists in search of favorable structures f?rl oil.
Since the general results of their work will probably be published,
this work while intended to be fairly comprehensive, will deal nl]ore
particularly with the petrographic character of the dolomites, a phase
of study which appears to have been neglected.

The dolomites of one area were mapped in detail and general
field data obtained -from the whole region. It is very much regretted
that neither time nor money was available to procure more chemical
analyses, a necessary and important aid to a complete study of these
rocks. However, a large number of hand spectm_ensyand th}n sections
were profitably examined. The well-known Lemberg’s solution proveg
to be an indispensable aid, both in the examination 'of fragment_s an
of thin sections. It was not found necessary to dilute the stain as
Steidtman® suggested.

i d other methods:
i , I.,,—Origin of dolomite as disclosed by stains an
2 e Gani. oo, Amerlea, wol. 28, pp. 431-450, 1924,
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In examining fragments, only those between 15 and 30 mesh
were examined. A small portion was treated with stain for three min-
utes, then carefully washed, dried at a low heat, and examined with
a binocular microscope. Experience has shown that care must be ex-
ercised in the use of this test for dolomite, the influence of porosity
and size of grain being prominent. Coarsely crystailine calcite will
hardly take any stain while a rather common type of finely porous,
fine-grained dolomite almost invariably will take a light lilac stain.
For purposes of comparison, it is important that all samples be treated
for the same length of time, and that the fragments be the same size.

It has heen found very useful to test a portion of the same sized
sample with a standard solution of cold dilute hydrochloric acid.
Contrary to common teaching, practically all the dolomites examined
effervesce at once. In the case of the very fine grained dense ones,
however, a lens is usually necessary to notice it. I'he more porous ones
may effervesce very violently but usually take a few seconds to start
whereas calcite effervesces with larger bubbles and at once.

The main difficulties were found when intimate mixtures of the
two carbonates were present. The two can commonly be plainly dif-
ferentiated by examining stained fragments with a medium-power
birocular microscope. Usually the per cent calcite can be estimated
with sufficient accuracy by a count of grains.’

In several instances, however, no information could be gained by
examination of fragments, and it was necessary to resort to thin sec-
tions.

Thin sections are best stained when made and before a cover glass
is put on, as it is almost impossible to remove the cover glass and grind
a new surface without destroying the section. Whereas fragments are
sufficiently stained in thrce minutes, sections are best stained for fif-
teen to twenty minutes. Almost invariably the structure of calcite and
dolomite can be clearly seen by examining the section with binoculars
on a white hackground, but is not casily made out with the polarizing
microscope and transmitted light. I'his was quite satisfactorily over-
come by raising the section above the stage slightly, holding one end
of the slide tightly on the upper side of a second glass slide and at
right angles to it, which leaves room to slip a white card under the
thin section and remove it at will, without losing sight of even minute
grains,

The examination of fragments containing both calcite and dolo-
mite with acid mav he misleading. The presence of dolomite may be
suspected if the effervescence dies down somewhat in a few seconds
and is renewed on warming. Also the acid may he washed off when
the carbonate is partly dissolved and the residue stained.

3. Decker, Charles 1., and Merritt, Clifford A.,—Physical characterigtics of the
Arbuckle limestone: Oklahoma Geol. Survey, Circular 15, p. -47, 1928
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The great majority of the dolomites are more or less porous, the
pores commonly containing a small amount of calcite. This fact, togeth-
er with the effect of texture on the action of acid, renders the time-hon-
ored test of putting a drop of acid on the hand specimen all but value-
less. It has been the writer’s experience that the composition of many
of the types of carbonate rock found in this region cannot be defined
without more or less detailed examination. Many specimens collected
as dolomite turned out to be calcite, while not a few, thought to be
partly or wholly calcite, were found to be exceptionally pure dolomite.

PHYSIOGRAPHY AND GEOLOGY OF THE DGLOMITE
REGION

Since the area in which the dolomites are found stretches for a
distance of nearly 200 miles across the entire western end of the
State, it will be necessary to describe this region in a general way.

TOPOGRAPHY

As a whole this part of western Oklahoma is a plain with a re-
gional slope to the southeast. The plain is underlain by sedimentary
rocks with a very low dip to the west, a feature which is expressed in
a series of low escarpments, due to the resistance to erosion of
the harder members. By far the most prominent of these escarpments
is formed by the Blaine gypsums and associated dolomites and may be
traced almost continuously across the State from Kansas to Texas.
It is often considered a separate physiographic unit separating that of
the Low Plains to the east from the High Plains to the west.* The re-
lief along this escarpment is rarely over 200 feet, locally fading out
altogether. The region is known as the “Gypsum Hills region” or
more locally as the “Gyp Hills” or ‘“the Breaks.” Another physio-
graphic unit which cannot escape notice is that of the Wichita Moun-
tains in the southwestern part of the State. They are the eroded peaks
of a range of igneous mountains once covered with sediments, now
partially uncovered and sticking up through the sedimentary cover to
a height of as much as 1,200 feet".

Closely associated with the Blaine escarpment in the northern part
of the State is that produced by the Day Creck dolomite and the White-

horse sandstone. In the central-western part a less definite escarpment
158

is produced by the so-called “second line of gypsum hills”,’ particu-

4. Gould, Chas N,—The geology and water resources of Oklahoma: U. S. Geol.
Survey, Water-Supply I’aper 148, p. 14, 1905.
Snider, L. C.,—Geography of Oklahoma: Oklahoma Geol. Survey, Bull. 27,
pp. 82-92, 1917,
Fenneman, N. M.—Physlographic provinces and sections in western Okla-
homa 9zlznd adjacent parts of Texas: U, 8. Geol. Survey, Bull. 730, pp. 103-
115, 1922.

5. Taff, Joseph A.,—Preliminary report on the geology of the Arbuckle and
Wichita Mountains in Indian Territory and Oklahoma: U. 8. Geol. Sur-

. vey. Prof. Paper 31, 1904.

6. Snider, L. C.—The gypsum and salt of Oklahoma: Oklahoma Geol. Survey,
Bull, 11, pp. 127-176, 1913, -
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larly in Custer, Caddo, and Washita counties. Along these three es-
carpments are found practically all the Permian dolomites of the State.

DRAINAGE

Five major rivers are encountered in studying the dolomites of
this region. From north to south these are the Cimarron, North
Canadian, Canadian or South Canadian, Washita, and Red rivers.
All of these flow in an easterly and southeasterly direction in the
western half of the State. North Fork of Red river is also an im-
portant drainage channel, originating in the central Panhandle of
Texas, flowing east into Oklahoma and then south along the west side
of the Wichita Mountains to join Red River.

‘On the whole these rivers carry a small amount of water in pro-
portion to the size of their valleys which are very broad in most
places, and choked with sand. Dunes are commonly found along the
north shores where the sand is blown from the river bottom during
the dry weather by the prevailing southwest winds. The rivers are
subject to violent floods, but most of the time are very shallow streams,
following a meandering or braided course over broad flat bottoms.

The Washita River is an exception to the above, having steep
mud banks, with no.sand hills.

Solid rocks are not commonly exposed near the main streams,
particularly on the north shores, but are more often found along the
numerous short tributaries, the headwaters of which ordinarily form
steep-sided canyons in the harder members,

A much more detailed description of the drainage of this region
has been given by Gould’ and also by Snider.'

HISTORY OF GEOLOGICAL WORK

As previously intimated, the dolomites are found entirely in rocks
of Permian age. These are part of a larger belt, the well-known red
beds, extending from southwestern Kansas to western Texas, and in-
cluding most of the western half of Oklahoma. About the very earli-
est mention of the red beds was by C. G. Shumard in 1852. In the
early days these beds were variously considered to be Upper Carbon-
iferous, Permian, Cretaceous or Triassic, and until some indicative
fossils were found, no agreement was reached. G. C. Swallow was
the first to mention Permian fossils, in February, 1858.

7.7 0p. cit. pp. 69-94,
8. Op. cit. pp. 102-105,

9. Prosser, Charles S.,—Classification of the Upper Paleozoic rocks of central
Kansas: Jour. Geol., vol. 13, pp. 682-705, and 764-786, 1805,

PHYSIOGRAPHY AND GEOLOGY 13

STRATIGRAPHY AND AREAL GEOLOGY

The following table gives the age and character of the surface
rocks in western Oklahoma. The Permian section is adopted from that
of Gould and Lewis.

Stratigraphy of the Dolomite Region

QUATERNARY — Dune sand, terrace deposits, and alluvium.

TERTIARY — Mantle of sand, gravel, clay, conglomerate and
caliche.

CRETACEOUS8 — Isolated outliers.

PERMIAN —

QUARTERMASTER—300 feet or more of red cross-bedded
sandstone with some clay or shale.

(CLOUD CHIEF—60 feet of hard pink to white dolomite.
DAY CRHEEK—A few feet of hard pink to white dolomite.

WHITEHORSE—100 feet or more of soft red sandstonme.

WOODWARD GROUP

|DOG CREEK—As much as 500 feet of red sandy shale.

BLAINE—50 to 200 feet of massive white gypsum with inter-
bedded red to gray arenaceous clays or shaly rock
and dolomite.

CHICKASHA—275 to 350 feet of red shale with some lime-
stone or gypsum.
DUNCAN—100 to 250 feet of red sandstone.

Hennessey
CLEAR FORK { o hor

Shales and sandstones

ENID GROUP
N

Wellington
WICHITA { Stillwater

PRE-CAMBRIAN —Granite, granite porphyry, and gabbro of
the Wichita Mountains.
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For a comprehensive summary of the early work on the red beds
and the discussion of their age, the reader is referred to the writings
of Peede.”

The earliest comprehensive work of any importance in western
Oklahoma was done by Chas. N. Gould. The results are contained
in Water-Supply Paper, 148, U. S. Geol. Survey (1905), and partly in
somewhat earlier publications.” For many years after this very little
was added to our knowledge of the Oklahoma red beds. In 1918 oil
was discovered in the Permain of Potter County in the Texas Pan-
handle and interest in the red beds was greatly stimulated. However,
nothing of importance was published with regard to the Oklahoma
beds until 1924 when the great structural trough in the southwestern
‘part of the State, the Anadarko basin,” was first outlined and the
previous correlation of the gypsum beds radically changed. Qur un-
dertanding of the geology of western Oklahoma previous to this has
been well summarized by Snider” in a readily accessible publication.
A more brief statement of the same, together with the results of later
work up to the spring of 1926, has been admirably given by Gould and
Lewis.™

The distribution of the DPermian formations may be gathered
from the accompanying map (fig. 2) reproduced from the paper by
Gould and Lewis.” A more detailed conception of the geology of
western Oklahoma may be gained from the map of the State by H.
D. Miser.” ' '

For a discussion of the correlation of these formations with those
of Kansas and Texas, the reader is referred to the articles by Gould and
Lewis and Gould and Willis.”

The sandstones and shales of this region are, almost without excep-
tion, very friable, lenticular, and commonly show marked lateral gra-
dation and cross-bedding. ‘I'he sand grains on the whole are very small
and rounded. The color varies from vermilion to maroon or very deep

10. Beede, J. W, —Inverlebrate palcontology of the upper Permian beds of
Oklahoma and the PPanhandle of Texas: Kansas Univ. Sc. Bull, vol. 4,
no. 3 pp. 116-171, 1907.

11. Gould, Chas. N.,—Oklahoma gypsum; Second Bien. Rept. Oklahoma Dept.
Geol, and Natural Hist., pp. 76-137. Also, General geology of Oklahoma:
pp. 17-74, 1902,

———————, —Gypsum deposits In Oklahoma: U. S. Geol. Survey, Bull.
223, np. 60-67, 1904,

12. This basin was briefly described as the “Washita syncline” by J. V. How-
ell: Some structural features in the accumulation of oil in southwestern
Oklahoma: 1con. Geol.,, vol. 17, no. 1, pp. 15-33, 1922.

Also see Gould, Chas. N.—A new classification of the Permian red heds
of Oklahoma: Bull. Am. Assoc. Pet. Geol, vol. 8 no. 3, pp. 322-341, 1924.

13. Op. Cit. ch. iv.

14. Gould, Chas. N.,and Lewis, Frank E.—~-The Permian of western Oklahoma

15 z(x)nd t}xe Panhandle of Texas: Oklahoma Geol. Survey, Circ. 13, 1926.

. p. elt,

16. Misger, H. D.,, Geol. map of Oklahoma. 1926,

17. Gould, Chas. N, and Willls, Robin,—Tentative correlation of the Permian
formations of the southern Great Plains: Bull, Geol. Soc. America, vol.
38, pp. 431-442, 1927.
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rec}dish—brown, often within short distances. The color is due to iron
oxide (possibly turyite), or iron-stained silt, which for the most part,
adheres to the surface of the sand grains. The very bright colors in-
dicate that clay minerals are largely absent. The sandstones and shales
associated with the gypsums are commonly light greenish- to bluish-
gray.

~ Since fossils are almost entirely absent in these rocks, and slump-
ing is very prevalent, the dolomites and massive gypsum members are
exceedingly important as horizon markers, being practically the only
hard ledges to be found on the surface and the only ones which can
be traced with any ease from place to place.

In a study of the dolomites of this region, one is directly con-
cerned only with the formations from the Quartermaster to the Blaine
inclusive. Of these the Day Creek and the Blaine contain nearly all
the dolo_mlte. They will be described in detail later, only a short refer-
ence being made to them at this point. The other formations will be
more fully discussed.

BLAINE FORMATION

The Blaine gypsum is one of the most persistent and wide-spread
fprmatlons of the American red beds. It may be traced fairly con-
tinuously on the surface from Barber County, Kansas, across Okla-
homa for over 600 miles to the Colorado River in Texas. It is typically
exposed in Blaine County, Oklahoma, where it is about 200 feet thick
and consists of three massive gypsum members in a series of red clay
shales. This formation was named by Gould.”

The Blaine formation in Oklahoma may be divided into two areas,
the northern area which may be traced on the surface from Kansas
southward to a point near El Reno in Canadian County, and the south-
western area covering parts of Beckham, Kiowa, Greer, Harmon, and
Jackson counties in the southwestern corner of the State. The beds
are thought to extend across the intervening region,” but are certairily
most difficult to trace on the surface.

For many years ‘the somewhat isolated but prominent gypsums
of the southwestern area were assigned to the Greer formation and
were thought to be equivalent to what is now known as the Cloud
Chief. well exposed near Weatherford. These were known respec-
tively as the western and eastern areas of the Greer formation.

In 1920 Greene™ suggested that the western area of the Greer

18. Gould, Chas. N.,—Oklahoma gvpsum; Second Bien. Rept. Oklah
r?r$0]i7n’;14d %\I':;)t’ural Hist.,, pp. 75-137. Also, General georio'gy o% grl?l:h]gr%paf:'

19. Gould, Chas. N.—A new clas-ification of the Permian r A
20 ?‘?zna: B|;ll. (é_m.ollks;s?c. Pet. Geol, vol. 8, no. 3, pp. 3;;-3:? ‘135245 of Okla-

. Greene, F. (..—Oklahoma's stratigraphic : ¢ :
e R P VAR grap, problem: Oll and Gas Journal,
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might be the Blaine formation, a fact definitely established in 1924, the
name “Greer formation” being discarded.

The distribution of the Blaine formation will be described in de-
tail later.

DOG CREEK

This formation was originally described- by Cragin™ and named
from Dog or Monument Creek in Barber County, Kansas. Part of his
original description follows.

The Dog Creek * * * consists of some thirty feet, or locally
of a less or greater thickness of dull-red argillaceous shales, with
laminae of gypsum in the basal part and one or two ledges of
unevenly lithified dolomite in the upper * * *. The dolomite
varies from light-gray to dark-gray, and clay-impregnated por-
tions may partake of the red color of the including shales. In
lithological character, it varies from solid stone which serves a
fair purpose as a building-stone for the rougher uses, to that
which is so contaminated with clay as to be soft and worthless.
It is often cellular or cancellated * * *

In a later paper,” Cragin wrote as follows:

# # * Tn central Oklahoma it is a great dolomite formation,
laminated dolomites occupying a considerable part of its thickness.
It js well displayed at the eastern border of the Cimarron-North
Canadian Jack sands of Blaine County, particularly so in Chap-
man’s amphitheatre at the head of Salt creek, where it presents
a thickness of apparently not less than 100 feet. At this locality
a large body of light gray laminated dolomites forms its upper
or Chapman member, its middle and lower parts consisting chiefly
of dull red shales with laminae and one laminae-built amphi-
theatre ledge of dolomite. The amphitheatre forms a sort of ter-
race, or low secondary brow, below the middle of the formation.
At the Stony hills, east of Watonga, the thickness of the Dog
Creek is at least equal to that shown at the head of SBalt Creek
and the bodies of thin-bedded to laminated dolomite are similar
to those seen at that locality, though perhaps containing some
thicker courses and developed more at the expense of the
shale * * %,

Professor Cragin plainly fell into error here as the Dog Creek is
not a great dolomite formation in any part of Oklahoma, and the dol-
omites described as the Chapman and Amphitheatre members as well
as those of the Stony hills are undoubtedly those of the Blaine
formation as it is now recognized.

Could® has added to the above description as follows:

21. Cmgi‘v;. F.ls‘q“;..-—The Permian system in Kansas: Colorado College Studies,
vol. VI, 96.
29. Cragin, F. W.—Observations on the Cimarron series: The American Geol-
ogist. vol. 19, pp. 351-363. 1897,
23. Gould, Chas. N.—The geology and water resources of Oklahoma: u. s.
Geol. Survey, Water-Supply Paper 148, 1905.
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Gould® added to this description as follows:

In Oklahoma the Whitehorse member often weathers into
conspicuous buttes and mesas. Tor instance, in eastern Wood-
ward and western Woods counties a row of these buttes, which
rise 100 to 200 feet above the surrounding country, extends from
the vieinity of Whitehorse Springs, whence the name, southwest
across the Cimarron, to the high divides beyond * * ¥, The
noted Red Hill, between Watonga and Geary in southern Blaine
County is composed chiefly of the Whitehorse formation. South
of South Camadian River this sandstone thickens and on weather-
ing often forms eonspicuous bluffs, such as the famous Caddo
County Buttes, southwest of Bridgeport * * % Tedges which
probably belong to the same general horizon outerop north of the
Wichita Mountains in the vieinity of Hobart and liarrison, and it
ig not impossible that further studies may demonstrate that the
same beds extend under the upper gypsums aeross Greer County.

It has. of course, been shown in more recent years that the beds
in the locality last mentioned are considerably above the gypsums of
Greer County and dip toward the north.

The Whitehorse of Kansas, Oklalioma, and ‘T'exas, has been re-
cently described by Clifton™ who gives a map of the formation. In
Oklahoma it may be traced from Clark County, Kansas, southeast-
ward to northern Stephens County, Oklahoma, and is found also as a
thin fringe along the south side of the Anadarko Basin.

It is generally believed that there is a continuous unconformity
at the base of the Whitehorse.

The occurrence of dolomites in this formation will be considered
later along with the detailed discussion of the Day Creek.

DAY CREEK

The Day Creek dolomite is a persistent ledge of hard, white to
pink dolomite under five feet in thickness, also first described by
Professor Cragin from Clark County, Kansas,

There has been some discussion as to whether the Day Crecek is
at or near the top of the Whitehorse sandstone or represents the base
of the Cloud Chief.

To the writer’s knowledge, it has never been shown to be uncon-
formable to the Whitehorse, and in some places it appears to be below
its top. Evans® believes that the so-called Day Creek of the Weather-
ford district is as much as 60 feet below the top of the Whitehorse.
The latter occurrence cannot be regarded as typical, however, and
there does not appear to be any widespead concordance of opinion with

26, Op. cit, p. 56 .
97. Clifton, R. I..—Stratigraphv of the Whitehorse sandstone: Oil and Gas

Jour.. vol. 25, no. 2, p. 70, 1926,
28. Evans, Noel,—Stratigraphy of the IWeatherford area, Oklahoma: Bull. Am.

‘Assoc. Pet, Geol., vol. 12, no, 7, pp. 705-714, 1928.
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regard to it. The writer prefers to regard the Day Creek as an inde-
pendent formation or a member of the Whitehorse, but the question is
of little importance in this discussion.

The Day Creek will be discussed in detail later.
CLOUD CHIEF

Until 1924, the Greer formation occupied the position now held by
the Cloud Chief in the classification. At this time, it was recognized
that the “western area of the Greer” was in fact the Blaine. Since
the correctly placed part of the Greer, “the eastern area”, did not
occur near Greer County, it was renamed by Gould™ after the small

town of Cloud Chief in eastern Washita County close to which the
gypsum is well exposed.

Part of the original description of this formation is as follows *

* * * The eastern area extends from the southern part of
Woodward County southeast through Dewey, Custer, Washita,
Caddo, and Comanche Counties into the Chickasaw Nation * * hS

The rocks * * * a1g chiefly red eclay shale, interstratified at
several horizons with red sandstone and gypsums, which are,
however, very irregularly bedded and can rarcly be traced as
continuous or definite ledges. Nevertheless the thickest ledge of
gypsum known in the red beds is found in this area. Thus five
miles northwest of Weatherford a ledge 60 feet thick was meas.
ured * * * jn the vieinity of Cloud Chief bedy 50 feet thick are
not uneommon * * * But these beds are not constant, thickening
rapidly or disappearing without apparent regularity * * * g gec.
tion would usually not answer for a point half a mile away.

. Gould” has described the formation more recently. Some inter-
esting additional points are quoted :

The Cloud Chief consists of ledges of massive gypsum em-
bedded in red shales * * *

* * * in gome places, there are two beds se arated by 15 to
20 feet of gypsiferous shale * * * Tn other loealities three or more
gypsums, scparated by elay shales, outerop on the surface.

The -maximum development of the gypsums of the Cloud Chief
is along the axis of the Anadarko Basin in eastern Washita Coun-
ty where near Cloud Chief and Colony, ledges 100 feet thick have
been measurcd on the surfaces * * *

The Cloud Chief is exposed along the axis of the Anadarko
Basin from a point about 6 miles south of Cement in southeastern
Caddo County as far as eastern Washita County. The line of
outerop crosses the Washita River near Fort Cobb. Throughout
this area, however, the exposures on the surface are not continuous,
srgsiﬁon having removed the Cloud Chief over considerable areas

In eastern Washita County the surface exposures of the Cloud
Chief divide, one limb passing north, the other west, along the
two sides of the Anadarko Basin, The northern limb continues

across Waghita, Custer, and Dewey counties as far as southern
Woodward.

29.  Op. cit., p. 35, 1924.
80. Gould, Chas. N.,—op. cit., pp. 59-63, 1905.
31. Op. cit, pp. 337-339, 1924.
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QUARTERMASTER

i in 1902. It

‘his sandstone formation was named by Gould in I

occu;lsh;;pically on Quartermaster Creek, Roger Mills Countfy.rmlatblls

the highest formation of the Oklahoma red beds, lying urllcgn o . thi};
on the lower ones. Little has be(;n_added to our kno;v ﬁ ge 0
formation since Gould™ described it in 1905 in part as follows:

i ks are chiefly shales,
he lower part of the formation the rocl 2
ty i:([:lz:lfyleregwbutpsometimcs containing greenish bands and fla) ert:i.
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and is also extensively developed in the western part o ewey,
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The question of the occurrence of _do]on‘ﬁtes in thstﬁlal;?:;z
Quartermaster will be considered in the discussion of the Weathe
area.

STRUCTURAL GEOLOGY

The general structure of the region in which the dolomites are
found has already been indicated in one way or another. It remains
only to sum it up in a little more detail.

i - flat-lying to the
1 thern half of the region the strata are
eye ll)lt;tt;l(;\::ao; low regional dip to the west or southwest. Lo'v:a_llyi
slyumping may give the appearance of rather steep dips. Slight origina
flexures may also be present, found only by detailed mapping.

ichi i hly parallel to their

t north of the Wichita Mountains and roughly p:
long{:)l(?s (strike about 110 degrees), is the Anadarko Basin, a sltrtil\;:ltura}
trough, the eastern end of which is not far west of the Arbuckle Moun

32, Op. cit., p. 22.
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tains and with its west end in the Texas Panhandle. The dips along the
south side of the trough are steeper than those on the north. Greene’s™
map on the base of the Enid group shows a broad shallow syncline
trending north from the Basin in western Oklahoma, and gives a good
idea of the general structure.

In general the strata in the southwestern corner of the State dip
away from the flanks of the Wichita Mountains at low angles, but are
steeper close to the mountains.

Buried hills or mountains, the Amarillo Mountains, continue into

Texas from the west end of the Wichita group and along the “strike
of their axis.

For f‘urther discussipn of structure the reader is referred to the
paper by Gould and !,,e\ws‘" and also that of Greene cited above. Ar-
gfl;ts r?f?;lglzlg to mmor structures have also have been written by

ifton® and 1928), Becker (1927), Kite (1927), Gouin
(1927) and others.* 4 (27,

ECONOMIC GEOLOGY

A few remarks with respect to the economic aspects of the geology
of the dolomite region may not be out of place at this point.

The problem of the water supply is undoubtedly the most im-
portant phase, as this will he of primary interest to those living
in the country long after all the oil fields are discovered and ex-
hausted. Some districts, notably those getting their water from the
upper sandstones, have as good water as could be desired, but many
are forced to use cistern water, due to the large mineral content of
water which has passed through the gypsiferous or saline formations.
Gould has written comprehensively on this subject.”

The possibilitics of the enormous gypsum deposits of this region
have long been realized and they have been exploited to a greater or
less extent for many years. While the industry cannot be said to have
become a major one, yet the deposits are one of the world’s greatest

and will be of increasing importance. Snider” has written at length on
these deposits.

33. Greene, F. C.,—Subsurface stratigra :

Goon Gurves Dol Sjo moe, sir graphy of western Oklahoma: Oklahoma

;g 2]). cit.

36. Hfton, R, T..-—op, eit., and Ol and gas peolog f Tiar

26 %m:‘] andcil.‘llllm]:\lln (.‘(éll'lll”csl: Oklahoma Geol, Sur)\:e())', Bl’:]l]rnf;&yGf(‘gr. Tack-

. ecker, Clyde M,—Ofl and gas geolngy g Fi ) 3
IIi{l‘htom%VGeéﬂ- Suiveo o 50-1,“152"}.} of Caddo and Grady counties: Ok.
e, . C.—0O1l and gas geology of Kingh 2 :

8"1”!1‘0"11.’1 Geol. Survey, Bull, 40-6? 1327. nefisher and Canadian countles:
4(3‘1’\4?'192'?."1('_(}6010"’}' of Beckham county: Oklahoma Geol. Survey, Bull.

37. Op. cit., 1905.

38, Snider, T, (., — ¢ :
Brllll(:.clll'rllglk. The gypsum and salt of Oklahoma: Oklahoma Geol. Survey,
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The possibility of securing oil from the red beds was not seriously
considered for many years. More recently, however, the region dis-
cussed has been rather thoroughly looked over for possible oil struc-
tures with quite encouraging results, although no great field has yet
been discovered. The Sayre oil field in Beckham County had the only
producing wells in the region visited in 1928. However, the important
oil and gas fields of Caddo and Grady counties” are hardly outside the
region to be covered in the study of the dolomites.

The granites of the Wichita Mountains are extensively used as
monumental and structural material and also for road metal” Cer-
tain sandstones have been used in the past as building stone, and the
dolomites have considerable local importance as a structural material,

From the foregoing description of the geology, it will be seen
that the dolomites belong to two distinct formations, the Day Creek and
the Rlaine. This furnishes a natural basis for the division of the
dolomites for the purpose of description and discussion. It is true
that parts of what were originally regarded as Day Creek have been
rather recently shown to be at somewhat different horizons, but they
can be most conveniently treated along with it.

THE DOLOMITES OF THE BLAINE FORMATION

DIVISION OF THE BLAINE

As previously mentioned, the surface exposures of the Blaine
formation may be divided into two areas, that south of the Anadarko
Basin and in the extreme southwest corner of the State, the south-
western area, and that from El Reno north to the Kansas line, the
rorthern area. .

Not only are these areas separated by a section of country in
which outcrops are lacking or poor, but the stratigraphy is quite dif-
ferent as to succession of beds and amount of dolomite present. The
character and general appearance of the formation is very much the
same in both, however.

Since the Blaine is so definitely divided the two areas will be
considered separately.

THE SOUTHWESTERN AREA
GENERAL DESCRIPTION

Here the dolomites found in Jackson, Greer, Harmon, and Beck-
ham counties, the southwestern area of Snider, and in addition those
found in a strip roughly parallel to the boundary between Washita and
39, Recker, Clyde M..—Onp. cit., 1927,

40. Taylor. C.” H.,—Granites of Oklahoma: Oklahoma Geol. Survey, Bull. 20,
p. 31 et seq., 1915.
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Kiowa counties, will he discussed. Figtire 3 is a map of Oklahoma west
of the Indian Meridian showing the area covered in mapping these dol-
omites.

POSITION AND TOPOGRAPHY OF THE GYPSUM HILLS

The region immediately concerned is that of the Gypsum Hills,
the east-facing escarpment of varying relief, up to about 200 feet,
which may be traced from Red River west of Salt Fork in a general
northerly direction, almost to the village of Delhi, or about seven
miles south of Sayre. The escarpment is rather deeply embayed by
several streams, notably Boggy Creek, Turkey Creek, Salt Fork, Flm
Fork, and Haystack Creek (see fig. 4). The Gypsum Hills separate
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Figure 3.—Map of southwestern area of this report.
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the higher, flat to rolling country to the west, the high plains, from the
lower, predominantly flat country to the east, the low plains.

To the above must be added a narrow strip of country along
the boundary between Washita and Kiowa counties between North
Fork on the west and the Washita River on the east. Here is found
a series of low ridges and buttes with predominantly flat land both
north and south. The western extension of this strip, for about ten
miles in southeastern Beckham County is a very prominent gypsum
escarpment along the north side of North Fork of Red River.
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Figure 4—Distribution of dolomites in the southwestern area.
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DRAINAGE

The area under consideration is drained by Red River and its
tributaries, Salt Fork and North Fork and by Elm Creek, the main
tributary of North Fork. The crecks into the Washita River also
drain a small portion. On the whole, the drainage is toward the south-
cast.

STRATIGRAPHY

In a general way the geology of this southwestern area has been
discussed Dbefore and will be mentioned later in connection with the
various districts described. A somewhat more particular discussion
of the Blaine formation of the southwestern area is necessary at this
point.

It has been previously explained how the gypsums of this area '

were known for many years as the “western area” of the Greer for-
mation and were correlated with the “eastern area,” which is at a high-
er horizon than the typical Blaine of the northwestern part of the
State. When the true position of the gypsums of the southwest as
equivalent to the Blaine was shown" the gypsum of the “eastern area”
became known as the Cloud Chief.

The general stratigraphy of the gypsums was described in some
detail by Gould as early as 1905. At this time the occurrence north
of the North Fork, now in southeastern Beckham County, was re-
garded as a connecting link between the western and the eastern areas
of the Greer. Of this exposure, and the various members of the
gypsum series in the southwestern area, Gould said as follows:

Thisg is, perhaps the finest exposure in Oklahoma, the gypsum
members, here appearing in four separate ledges, having a thick-
ness of 75 feet. Tho river cuts through the formation west of
these blufls, and the gypsums again appear at Ilaystack Butte
in Greer County about 20 miles northwest of Granite. The rocks
of the Greer form conspicuous bluffs on hoth sides of Haystack
Creck nnd on Elm Fork of Red River and its tributaries as far
as Collingsworth County, Texas. The gypsums which ocecur in
guch abundanee in southern Greer County in the vieinity of Duke
and Eldorado also belong to the Greer formation.

The roeks of the western area of the Greer consist of red
elay shales, heavy gypsum members, and a ledge of dolomite or
magnesian limestone. At the base of the formation is an un-
known thickness of red gypsifcrous and saliferous shales and
sandstones. These shales contain occasional loeal ledges of gvp-
sum a foot or two thick, aud beds of white and greenish shales
are not uncommon. Inthe region of the heavy gypsum formations
there are several salt plains fed by springs that issue from below
the gypsums, or in one instance from shales between the gvpsums.
These shales between the gypsum beds do not differ materially
from those at the base of the formation, nor from those between

41. Gould, Chas. N.,—A new classification of the Permian red beds of Okla-
homa: Bull. Am. Assoc. Pet. Geol., vol. 8, no. 3, p. 325, 1924
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the gypum ledges of the Blaine formation. Immediatély beneath
the heavy gypsum beds there is often a foot or two of bluish or
greenish clay or shales. There are five prominent ledges of the
Greer formation outeropping in this region, the threec upper ones
being thickest and most conspicuous. In general, neither of the
two lower members is more than 4 feet thick, and because of
their position near the foot of the bluff they are frequently in-
conspicuous. The various members are described below.

Chaney gypsum member.—This gypsum is well exposed along
the south side of I5lm Fork from Mangum northwest to the Texas
line. It is also secen on Haystack Creck, but on North I'ork, in
Roger Mills County it loses its characteristic structure and be-
comes simply a gypsiferous band in the red elay. On Elm Fork
at the mouth of Haeckberry Creek aund 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 distinetly stratified or apparently cross-hed-
ded, or it may be that the lines of stratifieation are wanting. The
formation derives its name from the Chancy Salt Plain on Elm
Fork of Red River, 4 miles east of the Texas line.

Kiser gypsum member.—This member is exposed throughout
the western area of the Greer formation. It is rarely white and
in this regard differs.from all other ledges of the Greer. It varics
from a decidedly bluish or greenish tint to drab or gray. On
the North Fork it is composed of greenish gypsum and gypsifcrous
shales, hecoming hard locally, and on Haystack Creck of bluish
and drab gypsum, grading into gypsiferous rock and elay. On
Elm Fork, at both the Kiser and Chaney salt plaing it is com-
posed of soft, bluish to greenish, selenitic gypsum, and at the
mouth of Hackberry, 10 miles down Llm Fork, it is a bluish
stratified gypsum. These occurrences show that while the general
character is fairly constant, the stratum varies considerably in
local scctions. The softness of the rock renders it particularly
suseeptible to weathering, and it is frequently inconspicuous. Its
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.

Haystack gypsum member.—The upper part of the Greer
formation consists of three layers of massive gypsum and one of
dolomite, interstratified between beds of red clay shale. The lower-
most of the three thicker layers, the third gypsum member from
the hottom of the formation, consists of the typically massive
gypsum, almost pure white or occasionally gravish in places,
with a few thin hands of gypsiferous sandstone. This ledge is of-
ten cut by joints which scparate the rocks into rectangular
blocks. These blocks frequently weather out and roll down the
slope and in places render it conspicuously white for miles. The
Haystack varies locally from 18 to 25 feet in thickness, and so
far as known is the thickest gvpsum member in the western
area of the Greer. It is exposed along all the bluffs on North
Fork and Elm Fork and is particularly conspicuous on Haystack
Creek and in the vieinity of Ilaystack Butte, whence the name.

Cedartop gypsum member.—The Cedartop is a massive white
gypsum, very similar in appearance to the ITaystack. It has a
congtant thickness of 18 to 20 fect throughout the region of out-
crop. It is very conspicuous on North Fork, Haystack, and Elm
Fork and forms the caps of a number of buttes and bluffs through-
out the region. It is ealled ¢‘Cedartop,’’ from a prominent hutte
on the North Fork of Red River. in the extreme southeastern cor-
ner of Roger Mills County. This rock forms the upper ledge of
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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.

Collingsworth gypsum member.—Thjs is the upper gypsum
ledge of the Greer formation, and it does not differ materially in
lithologieal 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 rcetangular blocks. Where
exposed, the thickness varies from 18 to 20 feet, being approx-
imately that of the Cedartop and not so great as the Haystack,
Ag 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 numher of the conspicuous bluffs, as
along North Fork. It is named from Collingsworth County, Texas,
just west of Greer County, Oklahoma, where the gypsum is well
exposed.

Mangum dolomite member.—Above the Collingsworth and
separated from it by about 20 feet of red clay shale is a very
persistent 3-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 magnesia and is a magnesian limestone. The character
of the rock varies considerably., In places it is arenaceons and
soft, in other loealitics eavernous or honeyvcombed. Often, how-
ever, it is firm and solid and forms an excellent building stone.
Tts color is white, drab, or sometimes yellowish. The underlying
clays have often heen eroded and the rock frequently covers
slopes at a considerable distance 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 Countv, and on practieally all the divides of Flm
Fork and ITaystack, Bull, and Fish creeks in Greer Conntv. The
name of Mangum is that of the county seat of Greer County, near
which .the dolomite is well exposed.

With regard to the correlation of the members of this area with
those of the type locality, Gould has tentatively grouned the Collings-
worth with the Shimer. the Cedartop with the Medicine Lodge, and
the Haystack with the Ferguson.

Sirce 1905, the hase of the Blaine has been more or less definite-
ly placed in this area but little more has been contributed to the stra-
tigraphy of the Blaine itself. Snider® has written in an informing way
on the area hut most of his geologic data was taken from Gonld's
work. The recent work of Clifton is brief and chiefly concerned with
oil and gas possibilities.

The following analysis of Mangum dolomite has recently ap-
peared.* No other information is given,

32, As firet described, (Gould, 1902) this dolomite wns termed the Delhi dolo-
mite (not Delnhi as bas been stated) but was later changed to its present
rame by Gould in 1905.

43, On. cit, pp. 188-201.

44, Shead, A. O.—Chemlical analyses of OFlahoma mineral raw materials:
Oklahoma Geol. Survey, Bull. 14, p. 78, number 99, 1929.
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Analysis of Mangusn Dolomite.

sio Per cent

i02

Al203 + Fez0a 3(7)3

g;g(;) ...... 19.35

QQaz T 28.79
44,11
99.96

.1t has been common to speak of the Blaine as a series of several
discontinuous gypsum beds, with interbedded horizons of dolomite
red clay and shale, or in a similar fashion. The Mangum dolomite
has been noted at the top of the section many times and its approximate
thickness and general character occasionally added. However, little
spec1f{c information has been given about it, and the mention of’ other
dolomites has been exceedingly vague.

The writer has mapped three dolomite members in this area
(Plate I). T.he Mangum dolomite, to the writer’s belief at least, fol-
lows the Blaine escarpment across practically the whole area. South
of Elm Fork, a second member, the Creta dolomite, may be found
about 30 feet below it. North of Elm Fork, a probable third member
the Jester dolomite, was located in a number of places between Hav:
stack and Cedartop gypsums. This may eventually prove to be equiva-

le|.1t to the Creta dolomite. These dolomites will be described in de-
tail later.

The map is thought to be fairly accurate and no dolomites are
shown ‘which cannot actually be traced in the field. The writer doubt-
less missed many outcrops, but it is felt that only the very incon-
spicuous ones are lacking. With this map, the geological map of the

area by Clifton should be used, also the map of Beckham County by
Gouin.

STRUCTURE

The Permian beds, on the whole, are flat-lying to the eye, ex-
cept for local variations, particularly in the Blaine, where the under-
sapping of the more porous and soluble rocks from beneath the hard-

er massive gypsums and dolomites is undoubtedly the cause in most
cases.

_ Regionally, the Permian dips away from the area of the Wichita
uplift, (roughly the Wichita Mountains). In Jackson County the dip
is low and toward the southwest. In Greer County, the dips are steep-
er, to the southwest over much of the county, but to the northeast in
the northeastern part. Along the south side of Washita County the
dips are toward the north to northwest and comparatively steep
being on the south side of the Anadarko basin. '



30 DOLOMITES OF WESTERN OKLAHOMA

The surface structure in Beckham County is outlined by Gouin®
as follows:

The dip of the surface rocks in the county averages about

fifty feet to the mile in a dircetion slightly east of north away

from the axis of the Wichita Mountains. This dip is interrupted

by the antieline in the southern part of T. 8 N, Rs. 23, 24, and

25 W. From T. ¢ N. to the north end of the county the structure

of the surface rocks is not known due to lack of satisfactory

surface exposures upon which to obtain definite control. How-

ever, in the main the dip continucs to the northward as shown

by the contacts of the various surface formations. This north

dip continues until the axis of the Anadarko Basin is reached.

A normal fault has been discovered in Beckham County trending
about N. 70° W. (sce fig. 2) and having a downthrow of 300 to 500
feet toward the north according to Gouin. Its eastern end appears to
be at the bend of North Fork in sec. 12, T. 8 N., R. 23 W, and
it probably extends westward into Wheeler County, Texas.

For a further general discussion of the structures of the southwest-
ern area see Greene, Gouin, Clifton, also Gould,* pp. 9-14.

ECONOMIC VALUE OF DOLOMITES

It may he mentioned here that the dolomites are of considerable
local value as structural material. Several husiness blocks at Man-
gum have been reported to have been built of dolomite. The writer
noticed a few farm houses huilt of it. Plate 1I, fig. 1, shows the back
of a schoothouse in northern Jackson County. evidently far from new,
yet with the stonework in excellent condition. As foundations for
building, ard as a support for fence posts (see plate II, fig. 2) it is
verv extensively used, being the only hard durable rock to he found
Jocally. Its characteristic occurrence as compact slabs or blocks lying
loose on the slopes makes it available in suitable form without quarry-
ing, and such are often carried many miles for various uses.

DIVISION OF AREA

Tor the purpose of describing the dolomites, this area has heen
divided into four districts, more or less arbitrarily, but not altogether
so. the districts being separated by more or less broad valleys where
dolomite outcrops are poor or lacking. These are as follows:

1. ’The Mangum district.
2. The Creta district.

3. T'he Tlaystack district.
4. ‘T'he Sertinel district.

"Fhree of the districts are named from towns or stations on the
railroad, necar or around which the most prominent outcrops of the
dolomite may be found. The remaining one is named for Haystack
butte or motmtain, the hest known locality in the district concerned,
although the butte itself has no important dolomite member.

45. See footnotes 36, 33, 14.
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Eigurq 4 shows Beclfghal'n, Greer, Harmon, Jackson, and Kiowa
counties with the above districts outlined and also the position of the
western outliers of the Wichita Mountains.

The districts will be discussed in detail in the order named.

THE MANGUM DISTRICT

Definition.—This district arbitrarily includes northwestern Jack-
son County,—that part north of Turkey Creek and west of the Salt
Fork, southwestern Greer County west and south of the Salt Fork,

and the part of Greer County west of Mangum and between the
Salt and Elm Forks of Red River. ¢

.T-opogra]‘)hy.—The northwest part of Jackson County is pre-
dominantly flat agricultural land. The outcrops show little relief and
the creek valleys are rather shallow. In southwest Greer County,
however, the gypsum and dolomite ledges form a prominent escarp-
ment facing the concave side of the decided curve in the Salt Fork
where it turns from east to south. This escarpment is in the neighbor-
hood of 200 feet above the river bottom in some places. It is indented
by t_he headwaters of various small creeks and there are buttes and
putllers east of Horse Branch., This escarpment seems to fade out
into broad fan slopes north and west of Ladessa but where the road
south from Reed crosses the Salt Fork, gypsum ledges are quite prom-
inently exposed on both sides of the river.

The north side of the valley east of Mangum is quite rugged
also, but toward the west rock exposures become poorer and are most-
ly sand covered about 6 miles west of the town.

The south side of the valley of Fim Fork in Greer County is
largely rolling country with no marked relief but passes into rough
gypsum hills toward Harmon County.

. Areal Geology—~The Blaine formation covers the greatest por-
tion of this district. Recent stream sands choke the bottoms of the
valleys of Salt Fork, Elm Fork and Turkey Creek. Some of the
Chickasha-Duncan formation is found along Horse Branch for about
3 miles north of Victory, and also as a narrow strip south of 1ilm
Fork, along the south side of ‘I'. 6 N., R. 23 W., and in the northwest
quarter of T. 5 N., R. 22 W. Quaternary to Recent deposits also
cover part of the east half of T. 4 N., R. 24 W,, a continuation of
the extensive deposits in Harmon County.

_ Stratigraphy.—To the writer’s knoweldge, little has been pub-
lished on the detailed stratigraphy of this district. * Snider® stated that
the section by Gould taken at the junction of Salt Fork and Horse
Branch is typical. This is given on page 41. No one appears to have

46. Op. cit., p. 194, 1913.
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expressed an opinion as to whether the massive gypsum members there
are the equivalents of the Collingsworth, Cedartop and Haystack or
not.

The bluffs on the south side of the Salt Fork are readily ob-
served, and possibly present the best exposures in this district, Here
the section, as roughly recorded by the writer, does not agree very
closely with that referred to above:

Section South of Mangum on South Side of Salt Fork.

e

Ft. in.
9. Mangum dolomite 4 0
8. Soils and red clays 26 0
7. Creta dolomite 1 9
6. Massive gypsum (soft blue clay in places) ... 3. 0
5. Gypsiferous shales, ete. ... 46 0
4. Heavy, massive, white gypsum 8 0
3. Gypsum, shales, and clays : 40 0
2, Magsive white gypsum _._.. . 23 0
1. Gypsum shales, ete., above high water mark at
Mangum bridge 50 0

The minor dolomite, named after the station of Creta, in western
Jackson County, has never been noted before, to the writer’s kno“_rl-
edge. Gould”, however, intimates the presence of a second dolomite
farther west. Plate II, figs. 3 and 4 plainly show member 4, a mas-
sive white gypsum. The next step in the rise is caused by the Creta
dolomite and the underlying gypsum. The level skyline is due to the
Mangum dolomite.

The massive gypsum beds, while often exceedingly uniform over
short distances, vary in thickness and disappear in a very irregular
fashion over a large area, no doubt duc to solution. The dolomites,
however, can be traced with considerable certainty and ease after one
becomes accustomed to their appearance, although they commonly
show an advanced degree of weathering also.

Distribution of Dolomites—The distribution of the dolomites
can be best appreciated by a study of the accompanying map, Plate
1. Where the dolomites are scarp-forming members, both of them are
almost always found. In the more level country back from the main
streams, only remnants of the upper one are commonly found. In
general, they occur in a broad area extending from between Duke and
Victory in north Jackson County, northward, passing just west of
Mangtm to the vailey of the Elm Fork and then may be traced west-
ward to the vicinity of Reed.
mmhas. N.,—The geology and water resources of the enstern portion

of the Panhandle of Texas: U. S. Geol. Survey, Water-Supply Paper 164,
1906.
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In southern Greer and northern Jackson counties the dolomite is
never far below the surface and both east and west extremities may
be roughly followed. In the vicinity of Russel and westward no more
outcrops were seen and they appear to have been eroded away entirely.

North of Duke, the dolomites “pave” a considerable area, that
is, they occur on or a little below the surface. 'This is true of the
Creta dolomite for a mile or so on cach side of the county line di-
rectly north of Duke and of the Mangum dolomite a little farther
north and west in secs, 1, 2, 11, and 12, 'I'. 3 N., R. 23 W.

Mangu‘m_Dolomite.—'l‘lfe Mangum dolomite is quite variable in
thickness appearance, and composition, and it is difficult to cite any
particular spot that may be regarded as typical.

The thickest section measured in this district is 4 feet, in the
SW. 14, sec. 9, I'. 4 N., R. 22 W. Unfortunately nothing further
was noted about it and the nearest outcrop examined in detail, one
mile to the west appears to be predominantly calcite. and only 33
inches thick.

It may be mentioned that in measuring sections only those places
where the whole thickness appeared to be present were considered.
There is no doubt that even in these localities some material has been
weathered off the top and possibly dissolved from the bottom also.

The dolomite is 34 to 35 inches thick near CEL. sec. 21, T. 4
N, R. 22 W. In the SW, cor. sec. 21, I'. 5 N,, R. 22 W, it does
pot appear to be over 22 inches. One mile north and one west of
here it is not over 14 inches. ‘I'he thinner members are usually diffi-
cult to trace and may only be exposed in cuts. It seems prohable that
the thinning is due mostly to weathering as the thickest parts are found
where products of weathering are rapidly removed.

A quite pure dolomite was found at the top of the 35-inch sec-

tion, first mentioned above. 1t is a light-gray, fine-grained rock with

very numerotts rounded cavities about-2 mm. across. 1t weathers to a
very soft earthy material. It looks very much like a limestone but ap-
pears to be only about 4 per cent calcite and the rest dolomite except for
an insoluble part of approximately 5 per cent, very fine quartz sand
about 0.02 mm. in diameter with some gray silt. This rock does not
appear to be very typical.

In the middle western part of sec. 26, 'I'. 4 N, R. 23 W,, the top
of the Mangum dolomite is peculiarly mottled. This rock is pre-
dominantly dark-gray, fine-grained, with numerous irregular small
cavities, some lined with fine-grained calcite. ‘TI'hroughout are irreg-
ular island-like patches of light-gray, fine-grained pulverulent carbou-
ate, veined by a complicated and fine network of thin dark-gray dolo-
mitic stringers noticeably more dominant in a direction at right angles



34 DOLOMITES OF WESTERN OKLAHOMA

to the bhedding, and evidently the same material as the main mass of
the rock. A sample of this dark-gray appears to be about 25 per cent
calcite and has some gray silt and quartz averaging about 0.02 mm,
in diameter. The insoluble residue from the light-gray, which ap-

pears to be all dolomite, is very small, mostly quartz in the order
of 0.03 mm.

 This evidently represents a surface rearrangement of the dolo-
mite. The same sort of rock is scen in the NW. corner sec. 13, I". 3 N.,
’R‘ 23 W, along with the banded red veining to he mentioned later.
I'he fine-grained, powdery material may represent the original rock.
Similar structures have heen described by ‘T'rechmann™ in English
dolomites. ‘T'hey are not dissimilar to structures obscrved at some lo-
calnt.les_ in the soft red shales of the Oklahoma red beds, where they
are timately intersected by fine veinlets and porous masses of calcite.

A specimen from the NI.. NI%. 1} sec 19, 'I'' 5 N., R. 22 W,,
probably represents the low outcrops of the Mangwn dolomite west-
wal:d f1"0n1 Mangum. It is medium-grained, gray, porous, with a thick
sprinkling of brownish-black specks, probably manganese oxide.

Staining shows a high percentage of calcite, possibly 75 per cent, but
it is difficult to estimate.

‘The occurrences which seem to be fairly pure, fine-grained, light-
gray dolomite cannot he said to he entirely typical. ‘I'he phase niost
0fte}| found is a very much weathered, porous, medium- to coarse-
grained, dark-gray, calcite rock with a peculiar honey-combed knobby
structure, due in part to dense fine-grained red material as a network
through it. Tron-stained to carthy surfaces are common and the fresh-

er parts may show numerous specks, sometimes dendritic, no doubt
manganese oxide.

113 M .
Such “dolomite” may he scen on the main road southwest from
Mangum, where Mangum and Creta dolomites are exposed, although
somewhat poorly, about 34 mi. ¥. of cen. sec. 8 I'. 4 N, R. 22 W

Fhe major one is 3 fect thick. One 33 inch section measured as
follows:

Section of Dolomites in Sec. 8, T. 4. N., R. 22 I¥V.

R . Inches
Porous gray roek with red lenses and veinings of caleite
particularly near the top ! 15
Rather shaly roek ... .. 56
Dolomite, quite massive 8
Shaly dolomite 5

Bluish- to greenish-gray soft shale |

48. Trechmann, ¢, T.,—On the lithology and composition of Durham magnes-

fan llmestones: Quart. Jour. Geol. Soc., vol. 70, pt. 2, pp. 232-2656, 1914,
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The ordinary type is a gray to brownish speckled rock, hardly
to be found fresh anywhere, weathering through a very porous stage
to a sandy material, which Tinally hecomes earthy and limonitic.

The uppermost dolomite is very variable in thickness, porosity,
amount of red marking present, and apparently in composition also.
I'he writer believes this is more probably due to variation in extent
of weathering than to an original variation.

The part containing the red markings usually seems to be pre-
dominantly calcite, either because it was so originally or hecause the
solutions which brought in the red calcite have altered it. This seems
to be a possibility, but some thin sections from other localities show
dolomite in sharp contact with the red calcite. 'I'his rock has an in-
soluble residue of about 10 per cent, mostly white sand, largely sub-
angular to angular quartz, 0.08 mm. and smaller, possibly 0.03 mm.
on the average. ‘T'here is also some brown iron oxide and grayish siit.

A specimen of as fresh looking material as could be had is med-
jum-to coarse-grained, light yellowish gray showing some stratification
due to leaching and iron stain. Tt is quite finely porous in some parts.
Fragments take a light stain with Lemberg’s solution, and it 1s al-
most sure that some is dolomite hut hard to say how much. An in-
soluble residue of around 5 per cent is a quartz sand, grains averaging
about 0.03 mm. in diameter.

A thin section shows carbonate grains in the order of 0.25 mn.
across, mostly rounded in outline, but some arc rhombic or sub-
rhombic. ‘I'hey have a rough appearance, are full of brownish in-
cluded material and there are some sand grains. Many carbonale
grains have rather indefinite rims with little or no inclusions.  Little
is revealed by staining except that the rock is predominantly calcite,
the large grains apparently finely speckled with dolomite.

The red markings are probably the most prominent feature. Al-
though they have no significance that the writer has observed with
respect to the origin of the dolomite, they are very widespread in the
dolomites of the southwestern area, particularly so in the Mangum
member, and are worthy of some attention,

I'he markings are commonly lenticular to irregular, mostly small,
with very sharp boundarics and may he rudely arranged in beds.
I'hey are very fine grained, and usually dark-red, but may be more of a
brick-red. “They arc always calcite with a considerable insoluble resi-
due, apparently up to 25 per cent, mostly red silt, hut with a littie
quartz sand in the order of 0.08 mm. in diameter. A thin scction
shows the carbonate grains to be about 0.008 mm. in diameter.

One would indeed be puzzled to explain these markings, were it
not for a few localities where one may observe their real character.
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Plate TV, fig. 5, shows a specimen from the highway, north side of the
northeast quarter, sec. 19, T. 5 N., R. 22 W,, with a vertical joint
coated with red carbonate as in a vein, And having stringers lead-
ing out from it into the main rock parallel to the hedding, plainly
showing its later origin. It is from the top of a 14 inch member.

A specimen from the N'W, cor. sec. 13, T. 3 N., R. 23 W,
shows the red calcite coating one side of an elongated cavity, distinctly
and finely banded, It also distinctly veins a fine-grained, light yel-
lowish gray dolomite.

It was repeatedly noticed that the red carbonate withstands weath-
ering better than the containing rock, probably due to its exceedingly
fine grained and dense character. Also it appears to have indurated the
dolomite near its borders.

Many features about these markings appear to indicate replace-
ment. A few cases have been noticed where the interior of the red
part contains irregular remnants of gray speckled carbonate, and the
border is indistinct, looking much like replacement (SL. SE. 1} sec.
18, T. 8 N, R. 24 W.). The predominant absence of any trace of
banding may also indicate this. However, a thin section, while showing
features indicating replacement, shows also the absolute removal of
the noticeable bands of quartz sand found in the dolomite,—a fact
which undoubtedly indicates that the calcite represents the filling of
cavities. (Sece plate IX, A4).

The logical explanation of these markings is that they are the
result of deposition by downward percolating water from the red beds
which formerly covered the Blaine and supplied the requisite iron oxide
to color it. ‘T'his appears to he why they are found almost wholly in the
upper part of the ledge, which is at or near the top of the Blaine section.
The uniform and extremely fine grain of the calcite is difficult to ex-
plain. It may be noted that soft, red, clay-like material was found in
cracks in the massive gypsum of some gypsum caves.

Creta Dolomite.—The Creta dolomite is less conspicuous than
the major member as it is thinner and seldom has the prominent
red markings which are rather typical of the latter. However, it is
probably more constant in thickness, composition and appearance than
the Mangum member, and better merits the name of dolomite, in this
district at least, having little calcite in it.

Just north of the Mangum member in the northeast quarter sec.
8. T. 4 N., R. 22 W., the minor member is 21 inches thick, rather
hard, gray, fine-grained, quite porous in places, uniform' from top
to bottom except that the top is rather platy and weathers more easily.
In at least one place it is underlain by soft blue clay-like material.
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A specimen from the bottom of the member at this place is fairly
massive, quite fine grained and light-gray. A little banding is brought
out in places by the development of fine pores. On staining 1t 1s esti-
mated that 2 to 3 per cent is calcite. The insoluble material consti-
tutes around 5 per cent, mostly a gray silt with subangular quartz
grains up to 0.12 mm. in diameter. A thin section sh.oyv’s, the car-
bonate grains to be about 0.02 mm. across. A “sub-oolitic” structure
is revealed, closely spaced, rounded dark patches with indefinite bord-
ers having a lighter network between them. (Plate VII, 4).

A partial analysis of this dolomite follows:

Per cent
OO e 27.82
MgO 17.67
Insoluble in HCl : 8.31

A loose block here shows a locally hardened or cemented area
on each side of a vertical crack, lined with calcite. The rock is tannisl}-
gray closely speckled with brown, no doubt manganese oxide. It is
dusty to the touch. 'This rock contains much more calcite than the
former, probably as much as 30 per cent in intimate relation to the
dolomite.

A thin section taken next to this crack and at right angles to it
shows coarsely crystalline calcite on one side with hardly any on the
other. 'The dolomite is oolitic, the spherules having no concentric
structure. Tt scems to have been recrystallized, all grains being about
0.02 mm. across.

The calcite forms a very fine network between these grains, fad-
ing out away from the calcite side and coalescing into definite patches
toward it. Some spherules secm to have more calcite than the matrix.

There can be no doubt that ¢alcite has replaced the dolomite in
this case.

T'he oolitic character is not well shown here and will be described
later.

About the middle of the EL. SE. 14, sec. 21, 'I'. 4 N, R. 22 W,
this member is 21 inches thick, as before, A specimen from near the
bottom is fine-grained, but looks rather coarse-grained due to its oolitic
character. No undoubted calcite was detected. There are some angular
quartz grains but not as nuclei. The insoluble part seeme:l small and
consists of gray silt with a little angular quartz up to 008 mm. in
diameter.

An analysis of this rock is as follows:

Per cent
CaO ... 25.60
MgO 15.31

Insoluble 13.88
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A thin section shows closely” spaced spherules of several types.
First, there are numerous smaller dense ones of various ovoid sliapes
(Plate VII, B), commonly elongated with long axes fairly parallel.
Many have a yellowish tinge, while others are dark gray. They vary
from about 4 to 0.08 mm. in diameter. ‘I'he smaller ones, of cotirse,
may be transverse cross-scctions of elongated spherules. Some have
a more or less dark, massive core, surrounded by numerous very thin
concentric shells (Plate VIT, C and 7). Thesc are the largest seen
and tend to be round although in some cases two coalesce to form an
elongated one. Ones with single cores were observed as large as 1.0
mm. in long diameter. A few have a fairly light-colored massive interior
and a thin dark rim (Plate V1I, D). Plate VI, 4 shows several
spherules with massive dark interiors and a thin, light rim, some of
which are jrregular in shape and interlock. Tn addition there are a
few oddly shaped ones, sharply angular, flatly lenticular, long rod-
shaped, and others, but they are not conmmon.  ‘I'he matrix is alnost
colorless with grains in the order of 0.015 to 0.05 mm.

. Atthe SI.. SIE. 14 sec. 32, . 4 N., R. 22 W, the Creta dolomite
is 25 inches thick, the upper three inches being very shaly,

On the NI, NW. 14, sec. 11, I, 2 N, R. 22 W, it is ahout
18 inches thick with some 6 inches of weathered platy material under-
neath. A picce typical of the 18 inches, is massive, fine-grained, rather
soft and a light huff in color. Tt is very highly and finely porous and
sticks to the tongue slightly. Tt docs not look at all like dolomite, yet
only some 3 or 4 per cent is calcite. ‘I'he insoluble part of 1 to 2
per cent is mostly angular quartz from 0.13 mm. in diameter to very
small, with a little silt. o

Along the north side of the valley of Salt Fork and just west of
Mangum, the lower dolomite may readily he examined. I'he freshest
parts are about 22 inches thick, hut most.of it is badly slumped and
weathered.  Red nodules are plentiful, particularly in the top.  T'hey
were also noted along the NI, NW. 1/, sec. 28, . 5 N, R. 22 W.
A hard specimen from the hottom of the member first mentioned is a
fairly massive, medium-grained, medium-gray rock, with yellowish,
rather porous lenses. On careful examination ‘of stained fragments
it scems ahout 30 per cent calcite as fine scams around dolomite grains.
The rather small insoluble residue is a yellowish-gray silt with some
subangular quartz, largely about 0.06 mm. in diameter. A thin section is
very uniform, shows roundish to sub-rhombic grains in the order of
0.11 mm. in diameter, apparently recrystallized, thickly speckled -with
small round gray spots.  On staining the section, the latter appear to
be calcite and the rest dolomite. Tf this is a uniform conditien the
rock is probably well over 30 per cent calcite. A second section shows
an even-grained rock, probably in the order of 0.03 mm. and consists of
rounded specks of dolomite thickly set in a calcite matrix. Some of
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the tiny grains seem rhombic. There are some irregular nests of
dolomite 1 to 2 mm. across and having about the same size of grain.

Tt is uncertain whether this type represents dolomitization or al-
teration to calcite. In view of numerous undoubted cases of the latter,

“the writer is inclined to think the rock has previously been a pure dol-

omite. Also it seems improbable that dolomitization would proceed
from these innumerable and uniformly distributed centers.

In the creek bottom, EL. NE. ¥, sec. 26, T. 5 N, R. 23 W,,
the minor dolomite is 20 to 25 inches thick.

The dolomites are progressively harder to trace as one follows
westward along the south side of Elm Fork valley, as the country he-
comes rougher, roads are fewer, and the outcrops are poor. In the
limited time the writer had to spend, he probably missed seeing con-
siderable of the two members. '

About 2.2 miles south of Reed, only one platy dolomite was found
in a quite well exposed section of gypsum beds and-its position could
not be fixed. It is a light-gray, fine-grained rock with some banding
brought out by weathering, It is a very pure dolomite with a small,
insoluble portion of gray silt and some extremely fine quartz.

Summary—'the Mangum district includes northern Jackson
County, and that part of southern Greer County west of Mangum and
south of LEhn Tork.

Most of the dolomite is found along the Blaine escarpment, which
faces Salt Fork of Red River, and reaches its maximum relief south
of Mangum. There are two dolomite members, the MNMangum dolomite
about 4 feet in maximum thickness, which caps the Blaine section, and
the Creta dolomite about 30 feet below it and somewhat under 2 feet
thick.

T'he Mangum dolomite is variable in ‘thickness, appearance, and
composition. 'While some specimens examined were very pure dolo-
mite, many were indefinite mixtures of calcite and dolomite and some
perhaps wholly calcite. Some specimens show networks of fine dolo-
mite stringers, probably rearrangement of the dolomite under surface
conditions. Typical material is a gray to brownish, medium-grained
rock. much weathered and speckled with manganese oxide. Very fine-
grained impure red calcite veinings are characteristic of the upper parts
and give the weathered dolomite a peculiar honey-combed, kuobby
appearance. The insoluble material is not commonly over 5 per cent
and is largely a fine quartz sand, the grains averaging about 0.03 mm.
in diameter.

The history of the calcite-dolomite mixtures is not plain in this
district. It appears that the calcite may be later than the dolomite.
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The Creta dolomite, in contrast to the Mangum member, is rather
uniform both in thickness, where well exposed, and in composition.

It is commonly a very pure dolomite, light-gray in shade, fine-
grained, porous and in some places, platy. Its most remarkable feat-
ure is its oolitic character, which appears in many places, but is not
noticed unless very closely examined. The spherules are mostly under
0.5 mm. in diameter, show no radiating structure and many show no
concentric arrangement. They do not appear to have any quartz nuclei.
The insoluble part is small, mostly a gray silt with some quartz grains,
largely under 0.0 mm. in diameter. Specimens of the Creta dolomite
were ohserved which have been partially replaced by calcite. How-
ever, the interpretation of others containing both calcite and dolomite
is more doubtful. :

THE CRETA DISTRICT

Definition —This district is wholly in Jackson County and in-
cludes that part south of “l'urkey Creek and west of Salt Fork, The

station of Creta on the St. Louis and San Francisco Railroad is in the
center of the district,

Topograply—The southeastern part of the district is quite flat
with no dolomite exposed, and this holds also for the northwestern
part. I'or a few miles northwest, north, and southeast of Creta, how-
ever, there are hills of considerable relief, the railroad passing through
a natural gap. The country east and west of Eldorado is flat farming

land, but the north side of the valley of Red River south of there is
rough, with large deposits of dune sand.

Areal Geology.—Concerning the geology of that part of Jackson
County pertinent to this report, Clifton” says as follows:

There oceurs, extending through the central part of the
county, an area of exposurcs belonging to the Dunecan and the
Chickasha formations. Beginning at the Red River, near the
town of Klmer, the Duncan beds can be traced in a nearly con-
tinuous line across the county * * *

ixeellent exposures of the Chickasha appear above the Dun-
can, in ity outerops ancross the county. Southwest of Olustee and
along Red River prominent exposures of the Chickasha occur.

The western one-third of the county is included in the arca
of the Blaine gvpsums. Due to erosion and possibly solution and
slumping, no one of the three or more beds of the Blaine can bo
traced across the county without difficulty. The Blaine forma-
tion in Jacksou County presents a series of thrvee or more dis-

continuous gypsum beds, with interbedded horizons of dolomite,
red clay and shale.

49. Op. cit, p. 17.
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Having confined his attention to the dolomites, the writer is in
no position to discuss the general geology of the county. However,
comparisons of Clifton’s map with Plate I of this report will sho\\i
plainly that Clifton has assigned too much area to ,t}w: C.hlckasl.la and
Duncan, most noticeably in the vicinity of Creta. This is rea}llly ap-
preciated as the general outcrop of the Creta dolomite outlines the
most westerly possible boundary of the Chickasha. Although the two
dolomite members found here are separated from those ‘of the Man-
gum district by Turkey Creek. there is no reason to believe they re-
present differert horizons as their outcrops can be traced to within
two or three miles of each other.

Stratigraphy.—Snider® credits the following sections to Gould.

Section of Bluff Between Salt Fork and Horse Branch Near Olustee.
(10 Miles S. of Mangum)

Feet
12. TIlard rock, dolomite, forming the eap of the hill ... 3
11. Red and blue clay 12
10. Massive, white gypsum 8
9. Red clay with ledges of gypsum 2(4)
8. Massive, white gypsum 12
7. Red and blue elay 15
6. Red and blue soft, shaly rock and gypsum 5
5. Red and blue shaly clay 22
4, Bluish gypsiferous rock 10
3. Red and blue elay .o 8
2. Massive, white gypsum ____.. 3
1. Red clay slope from Horse Branch 100

Section on Boggy Creek 9 Miles Northeast of Eldorado.

Hard, massive rock, dolomite, forming the cap of
the bluffs :
Red and green shale and clay
Masgsive gypsum
Red clay
Clay and hard rock
Massive, white gypsum
Red and blue elay ... .
Massive gypsum exposed in ereek bed

-

quastaictoodn

Rrowkan™

[y R

Of the gypsum of Jackson County, Snider” said, in part, as
follows:

* ® % The gypsums are more prominent than those in sonthern
Harmon County but much less so than those of mnorthern Greer
and Harmon Counties. The stratigraphy is usually irregular. The
best exposures are on the Horse Branch and Boggy Creck.

In the hills just west of Creta on the St. Lounis and San Fran-
cisco Railrond, two massive ledges of white gvpsum are exposed.
The lower is about 15 feet thick and upper about 12 fect. The
upper ledge is ecovered by about 30 feet of red shale and 6 to
20 feet of dolomite * * *

50. Op. cit, p. 196.
51. Op. cit., pp. 198-199.
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Availability of the Gypsums.—The principal exposures of
rock gypsum in Jackson County can be ecasily reached from the
St. Louis and San Franciseco Railroad. The mauin hindrance to
their development is the thick cover due to the Mangum dolomite
capping the hills and preventing the erosion of the shale from
above the gypsum * * ¥,

T'he thickness of dolomite mentioned may be exaggerated. Gould”
also gives the thickness at Creta as 15 feet. About a mile and a half
south of Creta the Mangum dolomite is only 2 feet thick, and a mile
southwest of Creta the Creta dolomite is only 13 inches thick. The
slumping of the face of the dolomite members below the general level
commonly gives the impression that they are much thicker than is
actually the case.

Snider® reported that specimens of Pleurophorus and Schizodus
have been found in dolomite near Fldorado.

Distribution of Dolomites—As previously mentioned, hoth the
Mangum and Creta dolomites are well exposed in this district. They
may be traced in a rather discontinuous fashion from about a mile
south of Turkey Creek in sec. 26, I'. 2 N., R. 22 \V,, south and west
to Creta, then east and south to the shore of Red River in sec. 4, T'. 2
S, R. 22 W. Oulcrops may be found at intervals westward to Lebos
Creek and beyond, but none were located west of Eldorado.

Mangum Dolomite—TDetween ‘T'urkey and Boggy creeks, the
Mangum dolomite is poorly exposed and fresh specinmens and sections
are difficult to find. It occurs as a weathered ledge in the roads or as
rows of blocks at the edges of low bluffs or escarpments. ‘I'hese blocks
have a typical, weathercd, knobby appearance seldom seen in-the Creta
dolomite, which tends to weather into loose platy or sandy material,
or occurs as large flagstones on the slopes.

Near CWI,. sce. 17, 1. 1 N,, R. 22 'W,, the Mangum member is
314 feet thick, weathered and underlain hy red and blue clay. This
looks very much like that exposed south of Mangum. A specimen of
the weathered, knobby part proved to he very complex. In general
the specimen is medium- to light-gray with a very rough weathered
surface and cavities, cavered with reddish earthy material. ‘I'he fresh-
est part is medium-grained with small cavities lined with small rhombo-
hedral crystals of dolomite. Tt is hard to determine how much dolomite
this type contains, possibly about 50 per cent or more. The insoluble
residue of some 10 to 15 per cent is silt and quartz, the latter rather
uniformly about 0.08 mm. in diameter.

The hottom part of the specimen shows a reticulate mass of vein-
lets, very thin and composed of dolomite, some with small rude crystals

52, (:oﬁ?ﬂ, Chas. N..—Treliminary report on the structural materials of Okla-
homit: Okla. Geol. Survey, Bull. 5, p. 154, 1911,
53 Op. cit.,, p. 111.
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on their outsides, looking like steep rhombohedrons. The enclosed

spaces are largely weathered and contain soft, fine-grained, light-gray

silt and carbonate, probably dolomite in part. The writer believes this
rearrangement was accomplished at or near the surface.

A very remarkable occurrence of the upper dolomite was seen in

‘the SW. ¢or. sec. 4, T. 1 S, R. 22 W. Capping the bluffs in this

district and on a level with the escarpment to the northwest and the
more indistinct one to the sotithwest, is a hard member, at least 4 feet
4 inches thick™ and roughly divided into four parts on one good face.

However, its appearance varies greatly from place to place.

The lowest 10 inches is rather finely laminated, hard, fine-grained,
gray rock on the whole but some parts are quite sugary and soft. The
weathered surface shows hard flinty patches and layers which are more
or less characteristic of the whole ledge, (see fig. 5).

The 16 inches above this is very similar except that the parts
weathering out in relief are larger and more varied in appearance.

Figure 5. A sketch from field notes showing irregular patches of dense dolo-

mite, some plainly banded, in more sugary dolomite which is at least partly

oolitic. Mangum dolomite, southwest cormer, sce. 4, T. 1 8, R. 22 W.
Approximately 14 natural size.

54. The unusual thickness of the Mangum member at this place is inl.cre_slimz.
fixactly 2 miles to the south what appears to be the same member is not
much over 20 inches thick and very platy.
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Some are layers 2 feet or more long and irregular in outline, but many
are lens shaped. These are commonly very massive, but others may
show fine irregular banding.

Above this the member is more uniform with fewer surface mark-
ings, but some were observed 3 to 6 inches long, flat on top and convex
on the under surface. The flat side evidently represents a bedding
plane.

One loose block showed very distinct ripple marks.

A specimen from one of the most massive parts of the bottom
section is fine-grained, light-gray, not very porous and fairly massive,
although a somewhat weathered part shows rough laminations about
4 mm. thick. Fragments appear to be ahout 2 per cent calcite and there
is an insoluble residue of 3 to 5 per cent, mostly gray silt with a minor
amount of quartz, very little of it being over 0.03 mm, in diameter.

A rather poor specimen of the 16 inch section shows the hard
dense parts weathering light-gray against a dark ground of softer
material. 1t is exceedingly irregular and the banding of the dense
parts is truncated by and grades into soft material which never seems
to retain it. Some of the softer rock seems to be sub-oolitic.

Some other small specimens show typical contacts of hard, uni-
form, dense dolomite with the softer rock, which in these specimens
is undoubtedly oolitic, and definitely cuts across fine bedding in the
dense. I'he dense contains no calcite and the insoluble part of possi-
bly 5 per cent contains little or no silt, but is an angular to sub-angular
quartz sand and from 0.15 mm. to very minute, largely about 0.06 mm.
The oolitic is quite porous and fairly friable in most specimens. The
spherules are commonly hollow, in the order of 0.3 to 0.4 mm. in
diameter and closely packed. On staining they are always dolomite
where solid, but when hollow may have spongy-looking calcite inside.
The matrix is also calcite but does not fill the interstices. It is doubt-
ful whether there is any dolomite matrix or not. The spherules stick
tightly together, however, where no calcite is present. The insoluble
portion is probably only 2 per cent, and contains silt with only a little
quartz of about the same size as that from the dense. )

A thin section of the dense, banded part is entirely gray dolomite

of exceeding fine and uniform grain, probably a few thousandths of a
millimeter in diameter. A few small dark spots averaging about 0.03
mm. across may represent an incipient stage in the formation of the
oolite. "I'he banding is due to angular quartz about 0.03 mm. in diame-
ter and smaller (see plate VIII B).

A section showing both dense and ooltic parts shows the dense
part to be oolitic or sub-oolitic, but with a considerable groundmass
with no structure, (plate VILI, C). The spherules are usually round.
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commonly very indistinct, grading into the matrix, and are about 0.55
mm. in diameter. Some have a coarser grained core also dolomite, but
quartz grains although common are seldom found in the dense rims
of spherules and do not seem to have acted as nuclei. A very few
structures look like fossils and appear to be still calcite.

In the more porous part, the spherules are much more definite,
closer together and vary more in size and shape. Concentric structure
is more prominent. Elongated or cucumber-shaped spherules are rather
common, usually found to have a dark massive core with thin concen-
tric rims (see plate VIII, D). Probahly the majority of the spherules
are hollow or partially filled with calcite. However, many are uniform
to the center with no cores or concentric structure and many others
show only a suggestion of it. Tn the loose-textured parts the matrix
has been largely removed, the spherules heing in contact or held to-
gether by scattered calcite.

There is no doubt that the formation of the oolite has taken place
later than the deposition of the fine-grained sediment represented by
the banded remnants, probably while still an unconsolidated mud. No
doubt many geologists would claim that the oolite was largely origin-
ally aragonite, and that dolomitization has taken place later. The very
fine grain of the dense handed dolomite together with the ahsolute
absence of any residual calcite satisfies the writer that this rock is sim-
ilar in origin to that of the fine-grained limestones, and that it has been
a dolomite since deposition.

Some 60 feet below the top of this member is a pure dolomite 8
to 10 inches thick and directly at the hase of a few feet of massive
gypsum. It is quite massive, yellowish- and brownish-gray, rather
fine grained and is not porous. It may be finely oolitic. The insoluble
part of 10 per cent or less is sub-angular quartz sand, the grains mostly
under 0.08 mm., with some brownish silt.

_ In some places at this locality it scemns almost certain that there
is another hard ledge some 15 to 20 feet above the hase of the gypsum
mentioned. If so, the upper one is probably the Creta member.

At the CSL.. sec. 20, T. 1 N, R. 22 W,, a very good section may
be seen, the heavy gypsum with a hard ledge at the hottom, the Creta
dolomite some 15 to 20 feet above. and the Mangum in an escarp-
ment to the north. The extent of the third member is not known, but
it was not recognized elsewhere.

Over 2 feet of the Mangum dolomite is exposed on the WL. SW.
14, sec. 6, T". 1 S, R. 22 W. 'This is probably typical of a good
exposure. It appears that much has heen weathered off the-top and to
some extent off the bottom. The lower 9 inches is much like the Creta
member in this district. It is light-gray, fine-grained, very finely por-
ous, quite massive, and is a pure dolomite. The insoluble part of 3
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to 5 per cent is brownish silt with considerable angular quartz up to
0.13 mm, A thin section shows this rock to be decidedly sub-oolitic
or oolitic. The spherules are mostly indistinct, a little finer grained
and darker than the groundmass, but a few show definite rounded
outline and faint concentric structure. T'his appears to be an oolite in
its initial stage of formation, yet wholly dolomite. Angular quartz is
scattered throughout irrespective of spherules.

An analysis of the above type follows:

Per cent
CaO 27.43
MgO . 17.96
Al203 4+ Te20a 3.39
Si0=2 (white) 5.63

The rest of the member is the honey-combed, knobby weathered
material with red imarkings. The red is plainly a late introduction.
Some pieces, as fresh as could be obtained, were examined in detail,
The main part of the rock is coarse-grained, quite porous and weath-
ered, somewhat banded, and on the whole a dark gray. The red mark-
ings show no features not described above. T'hey appear to be calcite
with about 25 per cent red silt and only a little very fine quartz.

The dark-gray porous rock is largely calcite also, but after dis-
solving fragments in cold dilute hydrochloric acid for a short time, the
residue does seem to contain some dolomite. Fragments from a lighter
gray and fresher looking part showed a considerable hut indefinite
portion of dolomite, probably about two-thirds. 'he residue from the
weathered part is rather large, perhaps 15 per cent brown silt with
much quartz from 0.15 mm. in diameter to very small. '

A thin section showing both sides of a red calcite vein, reveals
an exccedingly sharp conlact, the dolomite in this case being quite
pure except for sand grains, which are entirely lacking in the calcite
(see plate 1X, A). 'This shows couclusively that the red calcite is a
late mincral deposited in cavities. The dolomite is only a little coarser
than the very fine grained calcite. .

Tt is plain that the upper part of the Mangum is very irregular
in composition and on the whole predominantly calcite. Whether this
is an original condition or not (except for the red parts) remains to be

shown, but it appears that the more weathered and disintegrated it is,

the less dolomite is to be found.

Along the road on the LT, SE. ¥4, sec. 7, T. 1 S, R. 22 W, is
an outcrop which may be a remnant of the type of the Mangum mem-
ber, which shows dense and oolitic parts. 1t is fairly massive, light-
gray, finely porous, rather friable, soft oolitic dolomite about 18 inches
thick. The lower 6 inches, however, shows plainly that this has been
derived from a dense, hard, medium-gray, fine-grained part, which
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occurs as irregular remnants of these beds and grades laterally and
vertically into the softer rock. This dense dolomite contains no calcite.

What is undoubtedly a remnant of the above member occurs along
the roadside 2.5 miles east of Eldorado, an 18 inch section with the
lower 6 inches quite solid. The latter appears to be a pure dolomite.

A platy gray rock, 16 inches or more thick, probably at the same
horizon as the above may be found along the south side of sec. 18,
T.18,R.22W. The correlation of these outlying fragmentary beds
is, of course, quite an uncertain matter.

In travelling from Eldorado to Gould, loose blocks of weathered
rock were noted at intervals until about 4 miles south of Gould. These
look very much like part of the Mangum dolomite at Mangum, and
seem to be largely calcite. Along the WL. NW. 1/ sec. 12, T.1 8.
R. 23 W., the Mangum dolomite occurs up to 30 inches thick, is
honeycombed with red markings, and dips under soils to the west and
south. As knobby blocks similar in appearance to those mentioned
above are found on the hill a half mile south of there and other places,
it appears that they are remnants of a still higher, hard member al-
most wholly removed. This also appears to be the case with blocks
found at CWL.. sec. 35, 1. 1 N, R. 23 W. Herc also may be observed
pebbly, light-gray carbonate fragments. These were again noticed
along the south side of section 13, in the township south of the above
location and remind one of the light-gray, thin dolomite found in
northwestern Greer County near the Harmon County line.

Creta Dolomite—'The Creta dolomite being more uniform in char-
acter was not examined in such detail in this district.

Along the WI.. SW 1/, sec. 30, I% 1 N, R. 22 W, it is well ex-
posed and measured 13 inches, a quite fresh bluish-gray rock, inclined
to be platy. A typical specimen is light-gray, fine-grained and with a
lens appears oolitic. It is full of very fine pores. Probable bedding is
revealed by very minute reddish stringers. It is rather soft, hut not
very friable. Iragments seem almost wholly dolomite; about 1 per
cent may be calcite, occurring in the cavities.

The insoluble part is small, silt with some angular quartz, mostly
about 0.03 mm. in diameter but some is extremely fine. In thin sec-
tion, the pore space is about 5 per cent. An analysis follows:

Per cont
(67178 OO OO PR 27.93
MgO e . . 17.48
Insoluble T 1.

The most prominent feature in thin section is that the rock is
almost wholly composed of spherulitic brownish masses, which in no
case show any concentric structure (see plate 1X, B). Their long
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axes are roughly parallel and they fit rather closely together, the
“matrix” being more like a fine network separating the darker spher-
ules. Most of the network has a slightly brownish shade and is in-
clined to have grains about 0.02 mm. in diameter. The grain of the
spherules is exceedingly fine. ‘I'he writer cannot see how this could
have been dolomitized or recrystallized in the least since the formation
of the present texture, ’

There is an appreciable amount of detrital quartz in this section,
mostly about 0.07 mm. in diameter and angular. It does not appear
to have acted as a nucleus for the spherules. A few rather large
nearly colorless crystals and some small coarse-grained veinlets are
probably calcite, but are unimportant in amount,

In the NE. cor. sec. 19, I 1 N, R. 22 W., the Creta member is
16 inches thick.

Swunmary—The Creta district includes that part of Jackson
County west of Salt Fork and south I'urkey Creek. Both Mangum and
Creta dolomites are present and are particularly well exposed in“the
central part of the district.

The Mangumn dolomite, as is common elsewhere, shows great
variation. In composition it appears to vary from a very pure dolo-
mite to one more than half calcite. “T'he thickness of good exposures
is from 2 to over 4 feet. The insoluble matter is, perhaps, less than §
per cent on the average, and consists of silt and angular quartz, nearly
always less than 0.1 mm. in diameter. A secondary rearrangement of
the dolomite as crystals lining cavitics and as veinlets cutting the orig-
inal rock was observed.

A most interesting locality was found where the Mangum is un-
usttally fresh and over 4 feet thick. An exceedingly fine-grained,
pure, dense banded dolomite occurs as irregular to lens-shaped rem-
nants in a more porous, massive rock, of which parts at least are finely
oolitic. The oolite appears to represent a post-depositional change in
texture. T'he notable fineness of grain and purity of the handed, dense

parts strongly indicates an original dolomite. Some ripple marks were
found.

Red markings are found in the Mangum member in this district
also. They have been shown to be a secondary deposit iu cavities.

The Creta dolomite is more uniform in character than the Man-
gum, a quite pure dolomite, colitic in part at least, and not much over

1 foot thick. I'ypically, it is fine-grained, light-gray, finely porous,
and inclined to be platy.

A third dolomite was observed about 20 feet helow the Creta
in one or two localities.
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THE HAYSTACK DISTRICT

Definition.—Under this head will be considered the dolomites
of Greer and Beckham counties north of Elin Fork and west of Hay-
stack butte, and also south of the river in northern Harmon County.
No dolomite was found north of the middle of I'. 8 N.

Areal Geology—The part of this district immediately con-
cerned belongs entirely to the Blaine formation, According to maps by
Clifton and Gouin, the south houndary of the Blaine follows closely
along the north side of Elm Fork as far east as a point south of Jester
where it swings north and east around Haystack butte. The contact
then turns sharply northwest to the headwaters of Haystack Creek,
then northeast to a point a little east of Delhi where it turns sharply
west to the State houndary. To the east of this area is rolling to level
farming land on the Chickasha-Duncan formation. To the north is a
narrow strip of the Wooward group separating the Blaine from the
Quaternary and Recent deposits of the valley of the North Fork of
Red River. »

Topography—The district around Jester is flat, but gypsum es-
carpments are found in the north part of T. 6 N, R. 25 W, and con-
tinue westward, most of this district being rather inaccessible by road.
A less rugged escarpment curves around the head of Deer Creek and
east to near Haystack butte. Along the extremity of this eastward pro-
jection of the Blaine, the country is exceedingly rugged and pictur-
esque with a relief of well over 100 feet, due to the massive Haystack
and other gypsums. The escarpments may be traced around the head-
waters of Haystack Creek but they are not nearly so prominent and
fade out to the south and east of Delhi.

The general district from Delhi west to the Texas boundary is
flat with few or no outcrops.

Stratigraphy.—Clifton® says of the Blaine of Greer County:

The Blaine formation overlying the Chickasha, consists of five
or more beds of gypsum and dolomite interbedded with red elays
and shales * * *

Writing with regard to the Blaine in Beckham County, Gouin,”
contrary to some writers, reports the Blaine to he a consistent forma-
tion over wide areas, averaging 200 feet in thickness. The following
general section is given,

656. Clifton, R. L.,—OQil and gas geology of Harmon, Greer, Jackson and Till-

man counties: Oklahoma Geol. Survey, Bull. 40-Y, p.14, 1928.
66. Op. cit., p. 8.
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Section of Upper Part of the Blaine Gypsum, Beckham County,

Oklahoma.
Feet
Dolomite, honeycombed 3
Shiitle, red and BIUC o s 20
Gypsum, massive, white 18
Shale, red 5
Gypsum, massive, white 15

Gould™ gives the following section from west of Haystack butte.

Section near Becklham County Line along Haystack Creek, 6 Miles
South of Delhi

Feet
11. Red eclay ... . . 50
10. Tard sandy rock ... 3
9. Red and green clay ... 20
8. Massive, white gypsum . 16
7. Red and green clay 8
6. Massive, white gypsum .. 18
5. Red and green clay . . . 20
4, Bluish and drab gypsum 4
3. Red clay . 15
2, Gypsum and hard rock 5
1. Re