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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,
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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.



14 DOLOMITES OF WESTERN OKLAHOMA

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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Custer, and Washita counties * * *.

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. '
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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
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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.



36 DOLOMITES OF WESTERN OKLAHOMA.

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.



50 DOLOMITES OF WESTERN OKLAHOMA

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. Red clay 100

Concerning the stratigraphy of northwestern Greer County,
Snider™ says as follows:

The gypsums of the southwestern area are well exposed in
the extreme northwestern part of Greer County along Xlm Tork
and its tributaries. All five ledges are usually present and they
outerop on bold bluffs which are usually eapped by a thick ledge
of dolomite. On the north side of ¥lm Fork the gypsums become
noticeable in the vieinity of llaystack butte in sce. 14, T. 7 N,
R. 28 W. This butte is an outlicr of a pronouneced range of hills
to the west. The butte and hills are capped by the Haystack
gypsum which is 10 to 20 feet thiek. The Kiscr gypsum outerops
twenty feet lower on the slope and is 3 to 4 fect thick. The
Chaney gypsum does not appear to be present. From Haystack

* Dbutte the bluff extends westward up Elm Fork. All the streams
flowing into the river from the north have cut canyons into the
gypsums and indent the line of bluffs deeply. At the mouth of
Hackberry Creck®™ the following section was measured:

67. Op. cit., p. 103, 1911,

58. Op. cit, pp. 193-194, 1913.

69. This creck docs not appear on any maps the writer has secen. The loeality
1s probably in the Sii. 34, T. ¢ 256 W.
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Section on Llm Fork at Mouth of Hackberry Creck.

Feet

12. Hard cap rock, delomite 3
11. Red elay 20
10. Massive, white gypsum (Colllllgsworth) ............................ 18
9. Red and blue clay 8
8. Massive, white gypsum (Cedartop) 20
7. Red and blue clay ... 5
G. White gypsum, separated into thin beds by sandy

dolomite (Ilaystack) 18
5. Red and blue elay 12
4. Bluish stratified gypsum (IKiser) ..........ocoooiiiiiieeieeee. 4
3. Red and blue elay 15
2, White and bluish gypsum (Chaney) 4
1. Red and blue clay 8

To these may be added a very rough section of Haystack butte
noted by the writer. (See plate 111, fig. 1).

Section of Haystack Butte, Sec. 23, T.7 N., R. 23 1.

Feet

7. Massive, white gypswm (Haystaek) ..o 15 to 20

6. Bluish gypsum shales 20

5. Soft red and gray shales 15 to 20

4. Massive bluish gypsum (Chaney) 3to 4
3. Gray gypsum shale and gypsiferous red and gray

carthy shales 65

2, Ilard gray dolomite
1. Gypsite, shale, etc.

The Kiser gypsum could no doubt be located between the Hay-
stack and Chaney with a little care.

The dolomite noted above is massive, fine-grained, medium-gray,
dense and contains no calcite at all. The insoluble part (5 to 10 per
cent) is brownish-gray silt with considerable angular quartz in the or-
der of 0.03 mm. Although thin it is quite persistent and covers con-
siderable of the low land in this vicinity,

Snider™ gives the following section {rom wnorthern Harmon
County :

Section of Bluff en Elmi Fork in Sec. 10, T. 6 N, R. 26 IV.

(inches) 1to 2
25

Feet
120 Dolomite oo L. 1te3d
11. Red elay . ... 16
10. Gypsum (Collingsworth) ... 14
9. Red and blue elay 6
8. Gypsum (Cedartop) ..., 16
7. Red and blue clay 5
6. Gypsum (Kiser) ... 20
5. Red and blue clay .. 15
4, Gypsum 2
3. Red eclay 12
2. Gypsum e 3
1. Gypsiferous, red and blue ('hy (nhout) ............................ 60

T'his differs materially from the section formerly given by Gould”
from the section north of the above.
§0. OD. cit., 1013, p. 196.

61. Gould, Chas. N..—The geology and water resources of Oklahoma: U. S.
Geol. Survey, \Vater-Supply Paper 148, p. 68, 1905.
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Section at Salton, Harmon County.

Feot
14. Dolomite (Mangum) 3
13. Red elay 20
12. Massive, white gypsum (Collingsworth) ... 12
11. Red and bluc clay 6
10. DMassive, white gypsum (Cedartop) 18
9. White and green and red clay ... 6.
8. Maassive, white gypsum (Haystack) 20
7. Red and greenish clay 15
6. (Greenish sclenitic gypsum (Kiser) 3
5. Red elay ... 12
4. Hard stratified gypswn (Chaney) 4
3. DBluish and red elay 5
2. THard gypsum e 2
1. Red and bluish shale 75

The writer sces no reason why the Haystack gypsum should not
occur as shown above and in place of the Kiser gypsum of Snider’s
section.

It will be seen from the sections given that only one dolomite
has been noted previously. ‘I'he writer has found that there are un-
doubtedly two in some localities and probably in many. However, due
to the irregular character of the gypsums and with no ‘accurate means
of determining elevations he could not be sure that the lower ones are
always at the same horizon. They have been temporarily grouped to-
gether on the map under the name of Jester dolomite, admittedly a
poor name but no better suggests itself. It seems better not to name
members or formations after minor creeks as they commonly bear
several names, changing with time.

The dolomite noted by previous writers is at the top of the Blaine
_sections, or nearly so. 1t is commonly exposed somne distance back
from the gypsum bluffs and more or less deeply weathered and ob-
scured by soils. Its character and stratigraphic position are such that
the writcr sces no reason at present why it is not the exact equivalent
of the Mangum dolomite and it will be so called in this report.

Distribution of Dolomiles.—The Mangum dolomite is probably
best exposed 2 to 4 miles west of Haystack butte but is not prominent
in any other part of this section of Greer County, It was not found at
all in that part west of Jester but may be traced from the vicinity of
Haystack butte into the extreme northwest corner of the county.
Here and in neighboring parts of Beckham County to the north and
west, it is quite prominent causing a rough topography. Toward Delhi
the outcrops are less noticeable again and fade out about 2 miles south-
east of the town.

Considerable parts of 1. 7 N., R, 26 W, the southern part of T.
8 N., R. 26 W., and the south half of 'I', 7 N, R. 25 W, are very
rugged due to the indentations of the gypsum escarpments by the
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tributaries of Elm Fork, and are quite inaccessible to one with a small
amount of time to spend. It is quite possible that much more dolomite
will be found here than is indicaated on tlie writer’s map.

It is in this extreme southern part of Beckham County that much
of the lower dolomite member was found. 'The rest is in Greer
County, west of Haystack butte.

Mangum Dolomite—"The Mangum dolomite is quiie well ex-
posed ncar the middle of sec 18. I'. 7 N, R. 23 W. This cannot be
far from where the section given by Gould was obtain (see p. 50).

Variation due to weathering is very evident here, two sections
measuring 14 inches and 28 inches not 100 feet apart. The thickest
one is about as follows:

Inches
Honcycombed, knobby material with red markings,
commonly as leose hlocks 8
Weathered caleareous roek 2-3
Platy, gray dolomite 6
Massive, gray dolomite 14

The lowest 14 inches, where fresh, is massive, fine-grained, light-
gray, rather soft and powdery. The rock is largely dolomite, but there
does seem to be a small and indefinite amount of calcite as minute
veinlets and coatings. 'I'he insoluble part is dark-gray silt (10 to 15
per cent) with a little quartz about 0.08 mm. in diameter.

A comparatively fresh specimen from the actual base of the same
dolomite appears to contain very minute specks of calcite, probably 5
per cent or less. The insoluble part of possibly 5 to 10 per cent is
gray silt with a large proportion of quartz from 0.15 mm. in diameter
down to very small.

A thin section of the above shows no calcite whatever. Banding
is very evident and is due to angular quartz grains from 0.15 mm. in
diameter to very minute. I'he grain of the carbonate is exceedingly
fine. An interesting structure is revealed, represented by fig. 6. The
beds are diagonally truncated by similar material but containing little
or no sand. 'I'he separated parts do not appear to fit.

A specimen of the platy dolomite is little different from the above.
It is roughly 10 per cent calcite with a small residue (1 to 2 per cent),
largely sub-angular quartz averaging about 0.04 mm. in diameter.

The freshest dolomite seen was ohserved to grade directly by
weathering into a fine calcareous sand or soil.

The three heavy gypsum members were noted below the dol-
omite, the four members spaced roughly 10 to 25 feet apart,

A specimen from the top of the honeycombed part was obtained
near the SW. cor. sec. 19, 'I'. 7 N,, R. 23 W., where red markings
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were prominent. It is medium-gray, }nediun.l-grained, full of fine
pores except close to thin, red, fine-grained veinlets, apparently paral-
lel to bedding. Iragments show about ope—tlurd calcite, intimately
shot through them. “I'he insoluble residue is probably less than 5 per
cent, brownish-gray silt with considerable quartz in the order of 0.03
mm.
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Figure 6. Sketeh of thin scetion from basc of Mangum dolomite, see. 18, T.
7 N, R. 23 W., showing structure. x 2.

‘On the SI. SK. 1 scc. 18, T. 8 N, R. 24 W, some exceptionally
fresh looking specimens were obtained from a large block of the Man-
gum member with a red calcite vein in the center. Curiously cnough
no dolomite could be found for certain in this rock. Whether the doi-
omite grades into limestone or whether dolomite is actually replaced
by calcite forming a massive rock is a question. A crust of calcite,
three-quarters of an inch thick, and later than the red vein material
coats the outside of some blocks.

A stained section of the above gave little additional information.
The carbonate seems mostly if not entirely stained hut is dark brownish
gray like the dolomites, with an indefinite lighter network. The
grains are indistinct and recrystallized, but some appear to be rhombic
or sub-rhombic in outline,

Along the WI.. SW. 1 sec. 34, T. 8 N, R. 25 W,, 26 inches
of the Mangum dolomite are rather well exposed. ‘The top 2 to 3
inches seemcd harder and fresher than most of the rest. It is mas-
sive, medium-grained, medium-gray in shade, with minute rusty specks.

THE HAYSTACK DISTRICT 55

It appears to be roughly three-quarters dolomite, intimately permeated
with calcite. The insoluble residue is small, (1 to 2 per cent) and
made up largely of a sub-angular quartz sand under 0.08 mm., with a
little gray silt. A specimen of the lower part is more porous and may
contain more calcite, but otherwise is about the same. Some small red
markings were noted. The ledge is underlain by a couple of feet of
bluish-gray clay followed by red earth. The gray band immediately
under dolomite beds i1s a common feature of the Blaine.

A thin scction shows a very complex arrangement, on the whole
appearing to be less than half dolomite as angular to irregular frag-
ments in calcite, There are some definite nests and stringers of clear
calcite.

In the south part of sec. 12.'1*, 6 N., R. 26 W, (TTarmon County)
what appeared to be two dolomite members were scen, but there is
no great certainty about the correlation of the lower one. In the
CSL. of section 10 of the same township, what is probably the upper
member was seen but not the lower one.

A more intensive exploration of the rough country near the
Texas border would no doubt reveal more dolomite. Clifton™ reports
finding specimens of Sclizodus and Pleurophorus in dolomite along
the Texas lire in Tps. 3, 5, and 6 N., Harmon County.

Jester Dolomite—Where the road from Jester crosses the heavy
gypsums at the SE. cor, sec. 25, T, 7 N., R. 24 W., a 9-inch dolomite
member is found ahout midway between the Haystack and Cedartop
gvpsums. It is slightly platy, medium- to fine-grained, brownish-gray
and contains only 1 to 2 per cent calcite. The insoluble part (about
5 per cent) is gray silt with a little quartz about 0.03 mm. in diameter.

At this locality are found two hard thin layers apparently uncon-
formable to the gvpsums, and at the top of 10 inches of sandy material.
One massive, very fine grained, light-gray, brittle layer appears to be
almost wholly dolomite. Another brownish-vellow, somewhat laminat-
ed, fine-grained one appears to be roughly 50 per cent dolomite. To
what horizon these belong is very uncertain, although it seems possible
that they are Tertiary.

The 9-inch member was also located ahout the middle of the south
part of sec. 20, 'I. 7 N., R. 23\V., and also in the NE. 1} of section
18 of the same township. However, it was not observed below the
AMangum member between secs. 10 and 11, T. 7 N., R. 24 WV, nor any
other place in Greer County.

In southwestern Beckham County the dolomite occurring below
the Mangum is well shown in the canyon north of Elm Fork on the

62. Op. cit, p. 8.
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county line, sec. 36, T 7 N., R. 26 W. What appears to be the same
member may be found in the low land in sections 8,9, 16 and 17 in
the township east of the above.

In the NE. cor. sec. 23, T. 7 N., R. 26 W., what is no doubt the
same ledge is at least 24 inches thick and not less than 50 feet below
the Mangum dolomite immediately to the north. It is very much
weathered and does not show red markings. About 0.7 miles farther
south what appears to be the same member resembles the Creta dol-
omite as seen north of Red River.

"I'his dolomite underlies a considerable thickness of gypsum ledges
in some places, but they are commonly removed by \\{eatlzermg. It
is not more than 40 feet ahove a massive gypsum, which is exposed
in a good scction north of Elm Vork directly to the south. There is
little doubt that this is the TTaystack member. If so, the dolomite cor-
responds closely to the position of the 9-inch member, north of Jester.

Specimens are coarse- to medium-grained, highly porous, gray to
brownish-gray, with bedding faintly shown by arrangement of cavities.
Fragments are an intimate mixture of calcite and dolomite, the latter
roughly 50 to 75 per cent. The insoluble residue is about 5 per cent,
mostly gray silt but some sub-angular quartz, all under .08 mm. but
mostly much smaller.

A thin section shows some colorless, rounded spherules and
other less definite brownish ones indicating a sort of oolitic texture.
On staining, small grains of dolomite about 0.03 mm. across are
shown to be completely surrounded hy thin threads of calcite or set
in a calcite matrix. The calcite it a few cases has apparently re-
crystallized as rhombs inclosing the dolomite grains. One rhomb has
an irregular core of dolomite. It may be debatable whether this repre-
sents alteration of colomite to calcite or dolomitization of limestone.
The writer favors the former view, on account of the analogy with
more definite cases. One is tempted to infer that this dolomite is
contemporaneous with the Creta member, but this still remains to be
proved,

Along the WL. NW., 1 of section 13. T. 6 N., R. 26 W, an ap-
preciable area of a thin, hard, brittle, fine-grained light-gray rock is
found. It is inclined to be platy. This rock appears to be wholly dol-
omite with the exception of a rather bulky insoluble part, perhaps
10 per cent, of about equal parts gray silt and fine quartz mostly
below 0.03 mm. in diameter, While this rock occurs only locally it is
found in many small spots. It was noted north of the natural hridge
in the vicinity of the middle south part of sec. 29, T'. 6 N., R. 25 W,
(Greer County) and what may be the same rock was seen along the
west side of sec. 6, T. 5 N., R. 24 W., (Harmon County). This rock
is no doubt post-Blaine.
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Summary.—The Haystack district comprises the region covered
by the Blaine formation in Greer and Beckham counties, north of Elm
Fork and west of Haystack butte.

Two important dolomite members occur in this district. T‘he one
previously mentioned by several authors caps the Blaine section and
is undoubtedly the Mangum dolomite. A second one, noted in some
places between the Haystack and Cedartop gypsums, is here called
the Jester dolomite. ‘The Creta member is not present, unless the
Jester represents it in this district.

The Mangum dolomite, on the whole, is poorly exposed, and the
effect of weathering is pronounced. 1t may probably be best ob-
served 4 miles west of Taystack butte, where it is over 2 feet thick
in some places. ‘The top is honeycombed with the typical red mark-
ings and, as in other districts, the rock contains much calcite. “I'he
rest of the member is a fine-grained, gray dolomite with little calcite
and a variable amount of insoluble matter, probably not more than
15 per cent, gray silt and quartz grains as large 0.15 mm. in diameter.

The Jester dolomite, found typically in the escarpment a few
miles west of Haystack butte, is doubtless much more extensive than
shown in Plate I. The dolomite varies from 9 to 24 inches in thick-
ness, is gray to brownish-gray, variable in grain, in places very pure
dolomite but contains considerable calcite in others. “['he insoluble
matter does not appear to be over 5 per cent, and consists of silt with
a little very fine quartz. '

THE SENTINEL DISTRICT

Definition.—This district is included in a narrow strip of country,
trending approximately east and west, from the North Fork of Red
River southwest of Carter in Beckham County, along the Kiowa-

Washita boundary to a point east of Mountain View, south of the
Washita River,

Geology—'The dolomite follows the outcrop of the Rlaine gyp-
sums which is narrow in this region, partly due to their comparatively
steep dip to the north, being quite close to the flank of the Wichita
Mountains. According to the State map, by Miser, it is bordered on
the south by a narrow strip of the Chickasha and Duncan formations,
and on the north by an even narrower strip of Dog Creek shale.

Topography.—In southeastern Beckham County, the gypsum bluffs
are prominent and close to the North Fork, usually from a quarter to
one and a half miles away. They reach a height of 150 to 200 feet.
In the rest of the district the gypsum is not prominent or absent on
the surface. The dolomite may be found on predominantly low and
discontinuous bluffs. Flat soil-covered country is found north of the
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. . e
Blaine practically every place, and east of North Fork this is tru
on the whole, for the country to the south also.

I'he low relief is due to the prol)\:imit{ olf thethﬁ;til: Egrll;cdmllg
ita ri 5 mi art) and also o

Vashita rivers (about 6 miles apar and 2 £

tributaries, Lilk and Rainy Mountain creeks respectively.

Stratigraphy.~The following scction, with minor l‘“OdIli}Lii:\:(({l 8,
is gi;'cn by Gould® and is probably as complete as could be obtaned.

Section of Bluff on North Side of North Fork of Red River, 3 Miles
South of Curter. Feot

10. Rough, weathered sandy dolomite capping the high hills 2":
9. Red and groen gypsiferous shale oa
8. Mnassive, white gypsum ... -
7. TRed and green shale . BT
6. Massive white gypsum .

15
5. Red and green shale . . -
'i 1\‘1(::,98?\'(‘, §\I\'hitc gypsum, oceasional thin ledges of o
sundstone e oy
3. TReddish and green shile B e
2 G::}cnish gypsums and gypsiferous shale, becoming 5
hard loeally ..
1. Red and green gypsiferous shale from the base of 30
the hill

The lowest heavy gypsum, bed 4, probably the Haystack.l_li ltlfclz
chicf cliff-maker. ‘I'lie dolomite is usually seen back some dista
from the southern tips of the bluffs, hut quqmt? dlic[ontl1‘1ulot:ls(;lomite

retchi i is the Mangun .

't may be stretching a point to call this !
but 'Ett lcasyt there scems to he no evidence to the contrary at present.
Only one dolomite of importance appears.

. ) 9 1.

Description of Dolomite—In the southeast corner of slec. Vtiﬁclk
g8 N.. R, 22 W., west of the railroad, the dolomite is 30 inches

is v N thered. S red markings may be scen
and is very crumbly and weathered. + 0}11@ e | 7 AR
i 1 it are a few inches of bluish-gray clay
in the top. Immediately under i _ :
grading %nto red lower down, a common arrangement in this district
and elsewhere.

In the most extreme southeast corner of Deckham C(ln'mliy ntlli
that can be scen of the dolomite are fragments 2 to 4 inches thick w1

red markings.

In northwestern Kiowa Count)_v, northwest of Caml))rl_(lge, a 11{03\3
outcrop of dolomite is rather continuous acros? frll\"c7 sltlctul)éls.lg e
markings arc noted here. Tn the NW. cor. sec. 9, ¥ i - im.:
the dolomite shows a prominent layer with red mar \lil_glst)u > im-
mediately above it a hard, finc-grained, massive, |gl1—gr:;¥ ityis
which also appears north of thc'road half a mile lt'(t)‘ the east.

a very pure dolomite, shown in thin scction to be oolitic.

3. Or. cit., p. 66.
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At the two localities mentioned above there occurs about 23
feet above the dolomite a thin gray platy carbonate member. It may
also be noted in secs. 27 and 28, 'I'' 8 N, R, 18 W., southwest of
Rocky. It seems possible that this belongs to the Dog Creek.

In the NW. cor. sec. 1, I 7 N.. R. 19 W., the dolomilc appears
different from any previously described. Red markings are few and
the knobhy, honeycombed appearance and sardly weathering are want-
ing. On the whole it resembles the Creta dolomite as scen near Man-
gum more than the Mangum member. The most striking feature,
however, is the occurrence of fossils™ (pelecypods) in a hard massive
ledge about 6 inches thick apparently at the top of the rather poorly
exposed member. The fossils are still calcite or aragonite, mostly
leached out in part.

The member scems quite uniform. Specimens are very massive.
medium- to fine-grained, light-gray and rather finely porous, with a
somewhat powdery feeling. A hand lens shows small gray rounded to
sub-angular closely packed grains in a somewhat darker gray matrix.
The whole rock appears to be dolomite. The insoluble part is small.

In thin section, this rock is shown to be oolitic. The spherules
are closely packed, vary from 0.075 to 0.22 mm. in diameter, and most
of them show a suggestion of concentric structure, commonly a thin
rim of somewhat coarser grain than the very fine grained. dark in-
terior. The matrix is usually lighter in color, but this condition is re-
versed in a few spots. Considerable angular quartz sand is present,
about 0.05 mm. in diameter, only rarely found in the spherules. One
valve of a shell is present, the only caicite in the section, hut is com-
pletely recrystallized and would not be recognized in thin section
alone. Plate TX, C shows part of the valve and the character of the
spherules. T'he calcite appears to cut across the spherules, possibly a
result of the recrystallization of the calcite.

In the NW. cor. sec. 8, I, 7 N., R. 17 W.. the same member
is rather poorly exposed, but large hard flagstones cover the slopes.
The same thin ledge noted to the north and west is found some 20 to
30 feet above it. A specimen typical of the harder blocks of the former
is light-gray, massive, rather fine graived with a decayed look due
to small brownish black specks, probably dendritic pyrolusite, spaced
2 to 3 mm. apart. Under a lens this rock shows the “grained” oolitic

64. Several specimens containing pelecypods, mostly from this “horizon in
Kiowa County, were sent to Dr. J. V. Reede for examination. His remarks,
in a Intter of June 24, 1929, are as follows: '

"These pelecypods belong to the general horizen of the Whitehorve
sandstone of Oklahoma or the heds nenr Quanah, Texas, which oceuny
virtually the same horizon. They are Pleurophorus cf. albequus, but proh-
ably do not belong to that species since the prolongation of the shell in
front of the beak is a little tno great and {he radiating ridges are too faint.
The specimens are too poorly preserved to be used as types of new species.”
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texture noted ahove. The rock is dolomite with probably 5 per cent
calcite and about 3 per cent insoluble quartz sand, largely 0.08 mm.
in diameter, and some very fine silt. A thin section showed no calcite.

A specimen from north of the road showed fossi]s plainly, also
the oolitic texture. Stained fragments show a dolomite full of small
rounded to sub-angular calcitic spots, some with concentric structure,
most of which are partially leached out. A small per cent of fine-
grained, creamy-gray fragments are wholly dolomite. 'The rock is
possibly 30 to 40 per cent calcite.

A specimen from the SI. cor. sec. 4, 1.7 N, R 17 W, just
east of the ahove locality is similar but only 8 to 10 per cent calcite.
Tt is full of small pores. The ledge there is 2 fect thick and is prom-
inently exposed some 115 feet above gray shaly rocks in the road.
About three-quarters of a mile to the north what appears to be the
same ledge may he found on both sides of a small creek. Tt is, however,
ahout 150 fcet below the former one. Trossils were found in the base
of the northern ledge. "T'he exposure just south of the creek is 37
inches thick and in the ditch dips at an angle of 15 to 25 degrees
toward the creek. Although it seems rather impossible at first, the
writer believes this to be the same member-as found on the higher
ground, greatly slumped into the creek valley. It will be shown later
that such slumping has taken place near here.

The gray shales mentioned above seem to be the same series as
that noted west of Goteho, in the southeastern part of sec. 13, T. 7
N.. R. 17 W.. and in section 12 of the same townshin, also south of the
road 214 miles east of Cambridge. and in sec. 11, 1" 7 N, R. 16 W.,
where it has a thin covering of medium-sized conglomerate with red
matrix. The massive parts of these gray platy rocks have heen mis-
taken for dolomites and are not unlike them on superficial examina-
tion. 'I'he writer finds them to he 75 to 80 per cent sub-angular to
roughly rounded sand, quite well sized, mostly quartz. about 0.08 mm.
in diameter. The matrix is largely calcite and probably entirelv so.
Surfaces with a satin-like reflection are due to recrystallization of the
cement into large crvstals showing cleavage and are commonly roted.
Fhis rock is undoubtedly lower than the Blaine and is probably the
Duncan®™, but also has been considered pre-Duncan.”

A very noteworthy occurrence of the dolomite in this district
is found in the NE. 1, sec. 1, I 7 N., R. 17 W. Slumping has oc-
curred here to a rather unique extent, causing a distinct duplication
of the dolomite. which has been displaced about 36 feet. The northern
expostre has evidently been lowered into the creek valley to the north

§5. Sawyer, Roger W.—Arecal geology of a part of southwestern Oklahoma:
Bull. Am. Assoc. Pet. Geol,, vol. 8, no. 3, p. 312, 1924.
66. - Becker, Clyde M.—Op. cit, p. 6. °

67. Snider, L. C..—Op. cit., pp. 136,
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without any great disturbance. It is the same type of rock as seen
abqve and the ledge appears to curve upward to the east and west
This phenomenon has been noted in connection with gypsum ledgeé -
The upper bed shows at least 6 feet of massive, light-gray dolomite
very brittle and quite uniform from top to bottom. Ripple marks aré
quite noticeable and some blocks show what looks like cross-l)ed‘din

EOSSIIS are plentifully found in some blocks, the same as fllose prg-'
viously noted. A peculiar feature here is a distinct rampart along the
edge of the solid dolomite, from 1 to 2 feet high, and 2 to 3 feet

wide extending for many yards. Very large block
and slumped away from this face. ¥ farge blocks have broken off

A typical specimen is very fi i i

) al s s very fine grained, massive, dense, light-
gray with a shade of buff or tan. It appears to be only about nger
cent calcite and the insoluble part is very small ( ! to 2 per cent)
a little very fine quartz and some brownish silt. ’

_ 'A thin section shows no calcite whatever, bu
oolitic texture. Exceedingly fine grained dark grz{y slpglerrfl‘;zzsll(s)faraiﬁgr
indefinite outline, are closely spaced in a coarser matrix, with grains
averaging about 0.015 mm. The spherules are mostly from 0.08 t% 0.15
mm. in diameter, a few elongated ones being larger i(see Plate IX, D)

The easternmost exposure of dolomite which th i
. : Xposu e writer located
was in .the SE. cor. sec.'12, T.7 N, R. 15 W., just southeast of Moun-
tain View. The dolomite there is oolitic, showing best on weathered
surfaces, indistinct on fresh ones. The rock is faintly and irregular-
ly banded in shade§ of gray, some more porous than others. The
spherules are dolomite but the matrix, partly filling the interstices is
!arg(?ly calcite. The insoluble residue is small, quartz from 0.13 mm
in diameter to very small, with some brownish silt. This is no doubt
the same ledge mentioned by Gould” and referred to the Day Creek

A thin section shows two distinct kinds of material. One is a
fine-grained, brownish-gray dolomite with considerable (iuartz sand
throughout, mostly 0.035 mm. in diameter. The carbonate grains P S-
sibly average 0.02 mm. 'This grades into undoubted oolitic doior%oite
of the same nature. The spherules are small, rather closely packed in
a coarser gr};uned matrix which is calcite but occupies o;ﬂy all))out half
the space. I'hey are of various shapes, sizes, and character. A few
have a single sand grain as a nucleus, but it is too rare to be consid
ered general, even allowing for sections not centrally cut. Sand r1in-
are also scattered through spherules showing no conceni&ric stru%:t(ures
Some spherules are uniformly brownish-grzw throughout but others
ha\_/e a dark core, rounded or elongated. Some have a dark rim arou(;d
a light core. Certain elongated or cucumber-shaped ones undoubtedly

Yo plotured from reit. ! County.ms' and also 141, where such a duplication

68. Op. cit., p. 58, 1995,
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contain fossils, probably a piece of shell serving as a nucleus for con-
cretionary growth. In one or two cases the fossil-like sliver seemed
otill calcite. Plate X, A, shows one with the shell removed. The
ordinary spherule averages about 0.25 mm. in diameter. Only a few
show more than two or three concentric shells. The calcite matrix
is probably secondary and formed at the surface.

Summary—The Sentinel district is included in a narrow strip
of country along the boundary hetween Kiowa and Washita counties,
which extends for a few miles into southeastern Beckham County.

The Mangum dolomite is the only one of importance in this dis-
trict. In Beckham County it is similar, to that found ncar Mangum
and has the red markings. As one goes eastward in Kiowa County
the dolomite looks more and more like the Creta dolomite, Red mark-
ings are fewer and the honeycombed character is not noticeable. Fos-
sils are noted in several places. A fine oolitic character seems quite
typical. ‘T'he fossils, although mostly leached out leaving a cast, appear
to be calcite when present, the matrix being more or less pure dolomite.
The insoluble part of the rock is probably always under 5 per cent,
gray silt and quartz grains mostly under 0.1 mm. in diameter. The
thickness is ordinarily 2 to 3 feet, but in sec. 1, T.7 N, R. 17 W,
it reaches the unique thickness of 6 feet and is very hard and fresh.

SUMMARY AND CONCLUSIONS

Occurrence of Dolomites—Generally speaking. the Dlaine dol-
omites of soutlnvestern Oklalioma are found along the serrate gypsum
escarpment which marks the dividing line between the Blaine and
lower formations or Recent stream deposits. T'his escarpment rises
in places as bluffs over 200 feet high, but in other places practically
disappears. Tt may he traced from Red River in southwestern Jackson
County north to Flm Fork in Greer County. Trom there it may be
followed around the headwaters of Elm Fork and tributaries in Greer,
Harmon, and Reckham counties, across North Fork in southeastern
Beckham County and castward as a narrow fringe along the Kiowa-
Washita houndary to Mountain View, the easternmost point where
dolomite was noted.

Stratigraphy—"Three dolomites occur as more or less thin heds
in the upper part of the Blaine scction. The Mangum dolomite is
the highest member of the formation, and may be found, more or
less discontinuously, along the whole length of the escarpment in this
area. South of Flm Fork in Greer and Jackson counties a second
member occurs about 30 feet below the Mangum. The writer has
called this the Creta dolomite. Tn Beckham County a somewhat sim-
ilar dolomite was found in several places hetween the two massive
gypsum members, the Cedartop and Haystack, which are respectively
the second and third ones found below the Mangum dolomite. This
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member has Dbeen tentatively called the Jester dolomite. The
Creta dolomite does not seem to be present. It appears that the Jester
is below the Creta horizon, but at present their relations to each
other are doubtful. They may prove to be equivalent.

~ Mangum Dolomite.—The Mangum dolomite was named by Gould
in 1905. Although a very persistent member, it is quite variable in
thickness, appearance, and composition, a fact which the writer at-
tributes more to variation in extent of weathering and superficial al-
teration than to its original condition.

_ T'his dolomite, as measured hy the writer, is as much as 6 feet
thick, but in only a few places was it found to be over 2 to 3 feet
thick. "l‘he ledge is typically capped by a honeycombed, knobby-
W_eatherl_ng, dark-gray rock of very variable composition, veined by
,fin.e-grmncd. dense red calcite, apparently deposited in solution cavities.
Ihis phase is commonly all that remains in poor exposures. It usually
contains a large percentage of calcite and has a very noticeable de-
velopment of small dendrites of manganese oxide. Where thicker ex-
posures are found, rather pure, platy to massive, gray, fine-grained
glolon}lte may he found below it. However, the rock with red mark-
ings is not present every place and ptre, platy or massive, gray dol-
omite may constitute the whole section. A rearrangement of the
dolomite has taken place within the bed in some cases. Pelecypotls
were found in this member in several places in Kiowa and Washita
counties. 1t is oolitic in many places, particularly in Kiowa County
but this phase is not nearly so typical of the Mangum dolomite as it
is of the Creta. Ripple marks were observed in a few places.

Creta Dolomite—Although apparently not so persistent as the
Mangum, the Creta dolomite is more uniform in thickness and char-

acter, probably due in part to the protection from weathering it has
received due to overlying beds.

~ As commonly observed, it is hetween 1 and 2 feet in thickness
light gray, very fine grained, porous, thinly laminated and platy ot
sandy in weathered exposures. On close examination, the rock is often
found to be finely oolitic, a characteristic particularly noticeable in thin
sections. The spherules are commonly under 0.5 mm. in diameter and
are of many types, shapes, and sizes, grading from ones with cir-
cular cross-section to ones having elongated or irregular form and
from ones with concentric structure and clear-cut rims to uniform
structureless masses with indefinite horders, forming a rock which can
hardly Dbe called an oolite at all. It is commonly a very pure dolomi(te
but in places is definitely replaced by calcite which has entered alongy
cracks and worked its way between spherules and grains.

Jester Dolomite—The Jester d ite i
. Je ) < olomite is rather poorly exposed,
is difficult to trace, and has not been very extensively stuydie(lF Ex-
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posures are from 9 to 24 inches in thickness. In general, it resembles
the Creta dolomite, hut is possibly more variable, and definite oolitic
texture was not observed.

In places it is a pure dolomite, brownish-gray, medium- to fine-
grained and somewhat platy. llowever, calcite surrounds the dolo-
mite grains and forms much of the rock in other localities.

Alteration of Dolomite—One of the problems which presents
itself at once in a study of the dolomites of this as well as other areas
is the origin of the caicite commonly present in them, which varies in
amount from a trace to over half, and possibly composes the entire
ledge in a few places.

Where the amount is not over 5 per cent it can nearly always
be explained by the presence of coarsely crystalline calcite, visible to
the naked eye, which occurs in small veinlets or lines cavities, plainly
a recent deposit. ‘

In other cases, however, calcite is so intimately related to the
dolomite that the mode of its occurrence is not plain even in thin
sections, and dolomite may even be lacking or present in very small
amount. Such occurrences by themselves are difficult to interpret.

However, the writer has observed every gradation hetween pure
dolomite and rocks that are largely calcite. Occurring first in joints,
bedding planes, pore spaces, and solution cavities, the calcite appears
to work its way into even the densest dolomite, surrounding the coarse
grains and spherules, as a network at first, then penctrating between
the very fine grains and gradually replacing them. With the recrystal-
lization of the calcite, a medium- to coarse-grained rock results, the
individual crystals flecked with microscopic grains of dolomite. Dol-
omitic limestones of complex nature and even quite pure calcite rocks
appear to be a final stage of the process.

However, although the writer is convinced that the dolomites
are actually replaced by calcite, he would not go so far as to say that
none of the calcite rock is original. T'his still remains to be proved.

Circulating surface waters, containing several times more cal-
cium than magnesium appear to be fully capable of replacing dol-
omite. Such waters, with a high percentage of dissolved salts, are
found in the region at present. The action of such water is, of
course, highly dependent on carbon dioxide content and the propor-
tion of other ions present.

Formation of Oolitic Texture—One of the most interesting fea-
tures of the Blaine dolomites is the presence of an ocolitic or sub-
oolitic texture, scarcely noticeable to the naked eye. Oolitic dolomite
is widespread, hut it does not appear to be confined to any definite
layer or member and grades within a few feet or inches to dolomite

SUMMARY AND CONCLUSIONS 65

which shows no trace of spherules. Little information can be obtained
about them without thin-sections as almost all the spherules are under

1 mm. in diameter and the great majority of them are very much
smaller.

In a study of a considerable number of oolitic specimens, the writer
has been impressed with the variety they present, and yet appear to
be different phases of the same rock and presumably formed by the
same process. ‘I'he variation in shape of the spherules has heen pre-
viously pointed out as well as the difference in their structure. Many
types are commonly seen in one thin-section and in one field. A few
appear to have a nucleus of quartz grains, but conunonly the quartz
is distributed irrespective of the structure. A very few spherules cer-
tainly have part of a fossil as a nucleus, apparently still calcite. The
shapes of others are suggestive of a fossil nucleus but if so, the cal-
cite has. heen altered to dolomite. No definite case of replacement of
ntcleus was observed. Calcite may be found both inside hollow spher-
ules and as a sort of matrix but in every case it is in a loose tex-
tured, weathered rock and is regarded as secondary.

Tn certain places the oolitic phase is observed to grade into
remnants of an exceedingly fine grained dolomite, in which banding is
brought out by minute sand grains, and which appear to represent the
original deposit, undisturbed in position or character.

Considering the evidence as observed so far, the writer is in-
clined to believe the texture of these dolomites has been developed,
for the most part, after their deposition, but before consolidation.
However, this is only an opinion. A complete study of these interest-
ing rocks will involve much more work and is a problem in itself,

Origin of Dolomite—"The writer does not helieve that sufficient
data has yet been accumulated with regard to these dolomites to draw
any definite conclusions as to origin. A thorough study of the oolitic
phase will undoubtedly give much more definite information than we
now Possess.

However, no instance has yet heen noted which points conclusively
to replacement of calcite by dolomite, although many occurrences may,
it seems, be interpreted in this or other ways. On the other hand,
many things indicate that the dolomite was originally deposited as
such, in some places at least, in the same manner as many fine-
grained limestones. Some points in favor of this view are:

1. The lack of any ealeite in the freshest material obtainable.

2. The widespread finecness of grain and the preservation of
very fine laminations.

The lack of any sign of reerystallization of the spherules in
the oolitic phase, or in any of the unweathered dolomites.
The presence of caleite fossils in a dolomite matrix.

The lack of residual nests of calcite in the field or in labor-
atory specimens.

The improbability of uniform dolomitization over such a wide
area.

The absence of any comparatively extensive limestone beds in
the Permian of Oklahoma.

A U
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'Hovyever, the question must be regarded as open until further
detailed information can be obtained. '

THE NORTHERN AREA
INTRODUCTION

In this part will be considered the dolomites found in the
Blaine formation of northwestern Oklahoma, which extends as a
long narrow strip from ElI Reno in Canadian County northwest-
ward to the Kansas boundary. Figure 7 is a map of western Oklahoma
showing the position of the area.
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Figure 7. Map of part of western Oklahoma showing the northern area of
the Blaine formation.
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The writer spent little time in examining these dolomites, which
at best are not very prominent, nor are they as extensive as other
members described.  For the sake of completeness, however, the scat-
tered information already published about them has been collected and
is presented here together with some observations made by the writer.

POSITION OF THE BLAINE ESCARPMENT

As in the southwestern area, the dolomites are found in the escarp-
ment formed by the gypsum ledges, in this case a very prominent one,
facing east to northeast, called by Gould the main line of gypsum hills.
Plate XVI shows the position of this escarpment, taken from various
maps by Snider.” It will be observed that it occurs in northwestern
Woods County north of the Cimarron River as a crescent-shaped area,
and along the southwest side of the valley extends from the State bound-
ary in eastern Harper County ina southeasterly direction across parts of
Woodward and Major counties to the vicinity of Fairview. There it
turns southward away from the Cimarron, crosses Blaine County par-
allel to the North Canadian River and continues so across the south-
western corner of Kingfisher County and into Canadian County, be-
coming less and less couspicuous, and practically disappearing a few
miles north of Iil Reno.” 7The width of the outcrop of the gypsums
varies from about 1 to 10 miles.

TOPOGRAPHY AND DRAINAGE

The difference in elevation hetween the lower country east of the
escarpment and the “high plains” to the west is marked (about 200
feet) in nearly all parts except the southern extremity. However, the
high plains must be considered as a very broad term as the country
west of the escarpment slopes more or less gently into the valley of the
North Canadian River, except, of course, in northern Woods County.

The drainage is practically entirely into the Cimarron River, al-
though the area is nearer the North Canadian over much of its length.
T'he heads of a large number of minor creeks running northeast and
east have cut wall-canyons into the escarpment, producing an ‘exceed-
ingly rugged strip of country particularly as viewed from the eastern
side.

Gould” gives-the following description:

68. Op. cit, 1913.

69. According to Snider five miles north of El Reno but Gould has placed It
at five mileg south of the town

70. Op. cit, p. 45, 1905, ’
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From the enst the Gypsum Ilills appear as a wall crowned
with a white band, but the sky line is not continuous, as numer-
ous breaks ocenr where the gypsum ledge has been dissolved by
water and carried away. The general appearance is rather that
of an uneven row of flat-topped buttes or mesas of various sizes
than a single hill with a continuous escarpment. To these buttes
the name ‘‘Mansard DMounds’’ has been given by onc writer, in
fancied resemblance to n mawsard roof. Not infrequently a few
bold points stand out at a distance east of the main range, and
these outlicrs being more conspicuous lhave sometimes received
distinet names, as Glags Mountains, Mount Ifeman, Cedar IIill,
and Henquenets DButte.  Particular names have been given to
certain parts of the range, as Stony Hills, in Blaine County, east
of Watongn, nnd Chatauqua Mountaing for the same range farther
north, extending to the Glass Mountaing. The name Marey Range
has been propesed for the entire seetion of hills. These names,
however, probably will never supersede the much-used term
“Qyp Hills.”? '

_ Detailed descriptions of the Gypsum Hills by counties have been
given by Suider.™

AREAL GEOLOGY

It need only be mentioned here that the red shales of the Enid
group are found below the Blaine and to the east, and the Woodward
group is found to the west. The Dog Creek and Whitehorse are not
satisfactorily separable. The Tinid group, heing every easily eroded,
contributes to the formation of the peculiar and varied erosional
forms. In the northern part of the area, the extensive Quaternary de-
posits north of the Cimarron are very noticeable.

GENERAL STRATIGRAPHY

The stratigraphy of the Blaine of this area was first briefly
mentioned by Cragin in 1896 in conncction with his description of
the Kansas gypsums. It was not until the following year, however,
after a short visit to Oklahoma, that some direct observations were
made and the presence of dolomite noted.™ The classification of his
“Salt Fork division” at that time is given below.

Classification of Cragin’s “Salt Fork Division.”

Chapman dolomite
DOG CREEK (stony HILLS)_{ !

. Amphitheatre dolomite

CAVE CREEK

Jenking elay

{Shimer gyvpsum
Medicine Lodge gypsum

Sa1t Fork

Divi b
sion (Flower-pot shales

iCcd:u- Hills sandstone

Salt Plain
KINGFISHER

arper

71. Op. eit., pp. 132-175, 1913,

72. Cragin, 1", W,,—Observatlions on the Clmarron serles: T -
ogist, vol. 19, p. 358, 1897. s: The American Geol
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The two dolomites appear to be the same as the ones shown
above the Shimer by Gould, (see p. 74) the lower one at least being
included in the Blaine section as now understood. His correlation of
these dolomites with those of the Stony hills east of Watonga was an
error as previously explained, the latter belonging to the Blaine forma-
tio nbelow the Shimer (see plate XVI). The names applied to these
dolomites have not been retained.

A few years later Gould made the first comprehensive observa-
tion on the gypsums of Oklahoma, and finding it necessary to make
a’considerable change in Cragin’s classification, introduced the present
rame for the gypstun formation and classified it as we now know it,”
dropping the “Jenkins clay” of Cragin’s classification and adding the
Ferguson gypsum to the bottom, as follows.

BLAINE FORMATION

fS]limer gypsum member
l]\lcdiuineLodgegypsummembcr
Ferguson gypsum member

A typical occurrence of the three members is shown in Plate V.
In 1905 the Blaine was described in part as follows:

The Blaine formation consists of red shales with interbedded
atrata of gvpsum and thin ledges of dolomite. It ineludes the por-
tion of Professor Cragin’s Flowerpot formation ahove the base of
the Ferguson gypsum and all of his Cave Creek formation. Tt is
named from Blaine County, Oklahoma, where it is typieally
developed.

* % % The bottom of the lowest massive gypsum bed—the Fer-
guson gypsum memher—is the hase of the formntion throughout its
oceurrence northwest from Darlington, Canadian County. Where
it disappears the shales of the Enid continue up to the hase of
the Medicine Lodge gypsum member, which necessarily becomes
the hasal member of the formation. The top is the Shimer
gypsum member * * ¥ .

The Blaine formation consists of three ledges of massive gvp-
sum interstratified with red shale and an occasional local ledge
of more or less arenaccous and argillaceous dolomite, which usually
oceurs at the base of the heavy gypsum * * * the dolomites are
too loeal to deserve formation rank.

Ferguson gypsum member. * * * In Canadian, Kingfisher,
and southern Blaine counties it is the thickest of the three gyp-
gum members, but it thins out in the north and disappears in the
region of the Glass Mountains * * *.

Medicine Lodge gypsum member.—The Medicine Lodge gyp-
sum is the most eonspicuous gypsum deposit in the red beds * * *
and is in most places the ledge which forms the cap of the
Gypsum Hills.

A phase of the Medicine Lodge in the vicinity of Salt and Bitter
creeks is known as the Salt Creek marble. It appears to be largely
anhydrite,

73. 1In 1902, when this classifieation first appeared. two dolomites, the Altona
and Magple members, were placed benealh the Shimer and Medicine Lodge
respectively. These were left out in 1905, being regarded as too local to
deserve a name.
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Shimer gypsum member.—* * * Tt is typically cxposed cither
as the highest gypsum outerop somewhat back from the brow of
the hills, or as the cap rock of occasional bluffs and buttes over-
looking the slopes below. * * *

In some localities the shale member which geparates the Medi-
cine Lodge from the Shimer thins out and the two massive gyp-
sum ledges are practically continuous * * *,

The thickness of the Blaine formation * * * averages about
75 fect. )

Although Gould reports the Ferguson to disappear in the vicinity
of the Glass Mountains, Snider ohscrved three members in Woods
County. Uncertain about their correlation, he tentatively gave them
the same names as the members of the ‘type locality.

As now defined the typical Blaine section includes 60 to 80 feet
of gypsiferous shales and other soft rocks below the Ferguson as
well as about 40 feet of clays and sandy shale above the Shimer,
making a total thickness of close to 200 feet.

STRATIGRAPHY AND DESCRIPTION OF THE DOLOMITES

The Blaine dolomites of this area have not heen described in any
detail. They have, however, been placed in numerous sections by
Gould and also Sunider, commonly described as soft sandy dolomite
or gray dolomitic sandstone, in places said to be honeycombed or
fossiliferous. Obtaining his information chiefly from these sections,
the writer has indicated on the accompanying map of the Blaine the
districts in which the dolomite outcrops. (Plate XVI). - The various
localities about which the author has any information will be discussed
individually, taking them, in general, from north to south.

The most northerly occurrence of dolomite noted in the Blaine is
in Woodward County just west of Chimney Butte (sec. 27, T. 25
N.. R. 17 W.), where Snider reports a dolomitic sandstone; 3 feet
thick, heneath the Shimer. Tt is not shown, however, in a section by
Gould taken at the southwest corner of the Salt Plain.

In Major County several “dolomitic sandstones” have been re-
ported. Snider™ gives the following sections:

Section at head of Crook Creck Canyon, Sec. 14, T'. 22 N., R. 16 W.

. Feet
Shimer gypsum 10
Red and green selenitic shales with some sandstone 15

Medieine Lodge gypsom ... . "

BRed and green selenitic shales with dolomitie sandstone... 10
Ferguson gypsum 15

fa e el ]

74 Op. clt,, pp. 147-148, 1913,
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Section of East Side of East Gricver Creck Canyon, Sec. 28, T. 22

. I V.
N, R 15 F oot
12. Medicine Lodge gypPsuml ..o 1(13
11. Greenish sandstone ... g
10. Red and green gypsiferous shale ... 15
9. Ferguson gyPSUM ..o ;
8. Greenish, shaly sandstone -1
7. Green shale, very selenitic . : llA
6. Greenish dolomitic sandstone ... s Y4
5. Ted shale with bands of green shale and satin spar . 26
4. Shaly, eross-bedded, sclenitic sandstone ... e (l‘
3. Red shale, with bands of green shale and satin spar . b
2. Shaly, eross-bedded, sclenitie sandstone ... 1
1. Red shale containing manv thin bands of green shale

and satin spar from East Griever Creck ... 93

A heavy honeycombed sandstone was noted about 20 feet ahove
the Medicine lodge at the above locality. This probably represents
the dolomite commonly found below the Shimer.

Section on West Barney Creck, Sec. 25, T. 22 N, R. 15 IV.

Fect

13. Shimer gypsum et te sttt et s %
12. Honey-combed dolomitic sandstone ... ... 2
11. Covered, probably shale ](4)
10. Medicine Lodge gYPSUD ... about 13
9. Covered, probably shale 13
8. Ferguson gypsum ...

7. Greenish dolomitic sandstone

6. Green, sandy shale ...

5. Red shale with many thin bands o

satin spar

4. Selenitie sandstone ..

3. Red and green shales :

2. Shale and soft sandstone, red and grcen, cross-bedded, ;
: gypsiferous 814

1. Covered, probably shale ... 41
In section 22 of the above township Snider notes 10 inches of

greenish dolomitic and selenitic sandstone below the Ferguson.

Section on Gypsum Creek, Sec. 33, T. 21l N.,, R. 13 V.

Teet

7. Shimer gypsum—top removed ... 15
G. Honeyecombed dolomijtic sandstone, at least ... - 2
5. Covered, probably shale ... 25
4. Medicine Lodge gypsum including at least one foot o

anhydrite exposed ... :
3. Greenish dolomitic sandstone 1
2. Covered, probably shate . . 13
1. Ferguson gypsum, base not exposed 6

About the northwest corner of sec. 22, T. 21 N,, R. 13 W, Gould
rotes 2 feet of dolomite below the Shimer and 1 foot of soft sandy
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dolomite below the Medicine Lodge. His Glass Mountain section is
given below:

Glass Mountasn Section, on the Northwest Side of the Mountain

Fee
11. Massive, white gypsum (Shimer) lg t
10. Fossiliferous dolomite . :
9. Red ety oo
Massive, white gypsum (Medicine Lodge) ..
Greenish clay .
Red clay ...
Gypsum coner
Red clay

y . 3
Bluish dolomite rock, hard

Red elay 4
Gypsiferous rock, satin spar 4

%

HoWRoS Mo

Gould also notes fossiliferous dolomite beneath the Shimer from
1 mile east of Granton (sec. 1, T. 21 N,, R. 14 W.) and sandy gyp-
siferous rock from beneath the Medicine Lodge.

_About 3 miles west of Fairview the writer observed the fol-
lowing section.

Section in the NE. Yy, Sec. 25, T. 21 N., R. 13 W.

14, Massive gypsum (Ferguson) .
13. Dolomite

12, Red, earth, gypsiferous shales
11, Blue-gray dolomite .
10. Blue and gray shale

9. lard gray dolomitie sandstone, probably local
8. Greenish gypsiferous shale
7. Gypsum
6. Shalo ..o
5. Green, shaly gypsum .o
4. Shale
3. Gypsum
2. Soft shale .. 8L
1. Gypsiferous shale with harder greenish capping. . 5 ..
Unmeasured, bluish-green shale with thin beds of
gypsum

It will he noted that there are three dolomitic rocks here. Bed
9 i§ probably local and is not at all noticeable. Iied 11, however, is
easily found and fragments of it are scattered over the whole slope
below. What may be the same rock is found in the soil in the north-
west corner of the section,

It is a very dense, fine-grained, slightly laminated, medium-gray
rock with sub-conchoidal fracture. In thin section. it is very fine
grained even under high magnification and contains a small pro-

plortlon of very small angular quartz grains, some elongated and very
sharp.
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The dolomite immediately beneath the gypsum is hard, rather
dense, dark-gray, massive where fresh but an oolitic character is re-
vealed on the weathered top. 'I'his rock appears to be a pure dolomite.
The insoluble part is small and consists of gray silt with little or no
quartz.

In thin section. this rock appears to be somewhat different from
other oolites examined, the brownish spherules heing thickly set in
coarsely crystalline colorless matrix. Some fit together like a mosaic,
see Plate X, B. They are commonly rounded, but many have irreg-
ular blocky forms. There is little indication of concentric structure.

It seems certain that there are two generations of dolomite here,
the colorless being later. Whether it represents replacement or simply
recrystallization remains to be shown. However, this oolite does not
appear to be a separate type.

What was thought to be a fresh specimen of the gypsum ahove
proved to bhe thickly studded with small dolomite spherules. The
matrix is medium- to coarse-grained gray gypsum with large selenitic
plates.

A thin section shows that the gvpsum has undoubtedly replaced
the dolomite. Plate X. C shows clearly the relation of the two. Many
spherules are quite well preserved and have a fringe of matrix still
attached. The most distinct ones are about 0.35 mm. in diameter.
but there are smaller spherules down to about half that size with
much fragmentary material. The dolomite is brownish in color, very
fine-grained and shows little or no concentric structure. The matrix
consists of large crystals of gypsum inclosing the dolomite fragments
and contains a rather thick sprinkling of small, fairly clear, carbon-
ate particles, in addition to the larger spherules and fragments. The
section contains no calcite.

This dolomite may be the one that is found in the road just west
of the northwest corner of this section.

In Blaine County, the three gvpsum members are well exposed.
Dolomite, sandy dolomite or sandstone have heen reported below all
three hut in some cases they have apparently not been noted.

Snider gives the following sections, some of which were meas-
ured by Gould,

Section in the SE. Y4, Sec. 9, T. 19 N, R. 12 /.

5. Medicine Lodge
Gypsum—top removed

Feet
4

Anhydrite . 3

Gypsum .. 815
4. Greenish sandy shale and do'omitic sandstones . N /A
3. TRed and green shale with sclenite and satin spar bands 16
2, FOrguson g¥PSUIM e 615
1. Greenish dolomitic sandstone Ya
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Section in NIW. V4, Sec. 11, T. 18 N, R. 12 W/,
One Mile East of Southard.

11, Anhydrite, at top of Wil .
10. Gypsuwm, white, massive _.
9. Greenish grey sandstone
8. Red shale with green bands .
7. Red and green shale with sat
bands
Ferguson gypsum, mottled .
Greenish dolomitic sandstone
Red and green shale e e
Green selenite in elay, satin spar _.
Red shale with thin hands of satin spar ...
Red and green shale with some sclenite ..

The “greenish gray sandstone” is probably dolomite.
The following section is adapted from one by Gould :
Section from South Canyon, Head of Salt Creck, West of Ferguson.

mRBAN®

Feet
1L Red elay e about 40
10. Dolomite .. about 1

9 Red ey e, about 30
8. Dolomite about 2
7. Red clay . about 25
6. Massive, white gyps . 15
5. Soft, sandy dolomite 1
4. Red, gvpsiferous elay . .27
3. Massive, white gvpsum (Med'ei 17
2. Red elay with hands of sclenite ... 25
1.

Pinkish, mottled gypsum (Fergnson) .. 4

Gould assigned the portion of the section above the Shimer to
the Woodward group. As the DBlaine is now urderstood, the lower
dolomite at least and possibly hoth of them come within its limits. These
are, no doubt, the Chapman and Amphitheatre dolomites of Cragin,
previously mentioned.

Gould reports that Dr. Beede found Pleurophorus subcuncatus
Meek and Schizodus(?) like S. W heeleri, near Ferguson underneath
the Medicine T.odge gypsum. Tlowever, most of the fossils observed
appear to be in the dolomite below the Shimer,

A section from ncar Bickford in the SE 14, sec. 18, T. 17 N,,

R. 11 W., shows no dolomite at all but, as Snider remarks, this may

be due to the hidden lower contacts of the gypsum ledges. (See pl. V).

Section along the Chicago, Rock Island and Pacific Railway, Four
: Miles South of Hitchcock.

Feet
8. Massive, white gypsum, the Shimer . 8
7. Gray, dolomitic sandstone 1
6. Red elay ..., ... 45
5. White, massive gypsum, the Medicine Lodge .12
4. Gray, dolomitic sandstone ... 2
3. Red clay shales with greenish bands 17
2. Massive, white gypsum, the Ferguson . 3
1. Red clay shales with bands of gypsum .. 90
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Section in SW. Yy, Sec. 19, T. 16 N., R. 10 W,

Fect
8. Shimer gypsum 6
To DOMOMIEETC oot sa s ¥
6. Ited and green shales with thin do.omitie layers ... 42
5. Midicine Lodge gypsum 7
4. Covered, probably shale ... 20
3. QGypsum, selenitic 2
2. Covered, probably shale 25
1. Ferguson gypsum .. 3

Snider notes that the dolomitic layer heneath the Shimer con-
tains large numbers of pelecypods.  Farther to the southeast the
Shimer disappears. 'The dolomite continues, however, and is locally
fossiliferous.

Practically the same locality, what appeared to be the northeast
corner of section 30, was visited by the writer. The fossiliferous
dolomite below the Shimer was observed. About 25 feet below it and
immediately below the Medicine Lodge gypsum is a carbonate member
about 17 inches thick, a soft, light-gray, crumbly rock. The basal 3
to 4 inches is much harder than the rest.

On close examination, this rock is distinctly oolitic, the weathered
surface showing a very fine cellular structure, many of the spherules
being liollow or weathered out. It contains no perceptible calcite, a fact
one would hardly suspect, and very little insoluble matter.

The sandy weathering of these dolomites, so commonly observed,
appears to be generally due to their oolitic character, possibly wholly so.

A specimen from the base of this member is fairly dense, very
fine grained and hard, but very finely oolitic. It is.medium-gray in
shade with a faint reddish mottling. This rock appears to be a pure
dolomite.

In the road about 5.2 miles west of Watonga and rear the
ahove place at least two thin carbonate ledges may he observed, pos-
sibly grading into shale. They are about 40 feet above the fossil
horizon.

The lower one is about 8 inches thick, light-gray, brittle, and
fine-grained. It grades into shaly and gypsiferous material. About
4 feet ahove this and some 2 inches thick is a very dense brittle layer.
It is exceedingly fine grained and light-gray in shade. The weathered
surface is finely banded. This rock is undoubtedly a very pure dol-
omite. ‘T'he insoluble portion is small, although greater than that of
the oolitic types, and part of it is a brownish gray silt.

T'o the previous sections may be added two more given by Gould
from Blaine County:
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Section near Watonga, Sec. 32, T. 16 N, R. 10 /.

Feet
7. Massive, white gypsum (Shimer) ... 4
6. Gray, sandy dolomite 2
5. Ied elay with eonspicuous green bands near the top .. 41
4. Massive, white gypsum (Medicine Lodge) ......ooocooooieeee. 10
8. Grayish, sandy dolomite 1
2. Red elay ... 13
1, Maussive, white gypsum (Ferguson) . 3
Cedar Hill Section in SW 1, Sec. 18, T. 16 N., k. 10 IV,
Feet
6. Massive, white gypsum (Shimer) ..., 12
5. Yogsiliferous, sandy dolowmite 2
4. Red clny with selenite bands
3. Massive, white gypsum (Medicine Lodge)
2. Red clay with scams of selenite
1. Massive, pinkish to white gypsum (Ferguson) ... 5

The following geueral section was given the writer by G. D.
Putnam® and represeuts the Blaine northeast of Watonga. It agrees
roughly with that recorded by Gould south of Hitclicock, except that
the base of the Blaine at that time was defined as the base of the
lowest massive gypsum. '

Generalizged Section of the Blaine, applying to the District lying a few
‘ Miles NE. of Watonga.

Ft. In
10, Thin, hard dolomite _..........ooooeeees 2-5
9. (Concealed) ... 40 ..
8. Massive gypsum (Shimer) 10-15 ...
7. Fossiliferous dolomite 8-18
6. (Conecaled)
5. Pure gypsum (Medicine Lodge) ..o, 810 ...
4. Fairly bard, slightly sandy dolomite 18
3 (Concealed) -
2. Gray gypsum (Ferguson) 24
1. (Comcealed) 60-80 ...

Base of Blaine formation.

The character of the undescribed members may be gathered from
the previous sections.

The following section is from one mile west of the line between
Blaine and Kingfisher counties.

Section in NE. Y, Sec. 14, T. 15 N., R. 10 W., Two Miles
West of Altona.

Feet
7. Medicine Lodge gypsum, top removed by erosion....... 3
6. White dolomitic sandstone 2
5. Red and green shales ... . 16
4. Gypsum, anhydrite, white satin spar beneath .. ... . 3
3. Red and green shale ... : 18
2. Terguson gypsum, selenitic 3
1. Red and green shale ... 21

76. Geologist, Trees Oil Company: Wichita, Kans.
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THE NORTHERN AREA

Just one mile west of where the above section was taken, the
writer observed three marked gypsum ledges about 10 to 20 feet
apart. Below the top one, probably the Medicine Lodge, is a sandy
carbonate ledge, about 11 inches of which are quite compact, but there
may be more crumbly material above and below. There did not appear
to be any fossils.

A specimen of this rock is creamy gray, very fine grained, but
has a loose sandy texture and is probably oolitic. It is indistinctly
banded. This rock is doubtless typical of the “sandy dolomite” so
frequently mentioned in the sections. It appears to be a very pure
dolomite with only a very small insoluble part.

The fossiliferous ledge appears to occur west of this place.

According to Snider, the gypsums fade out or are covered near
the Blaine-Kingfisher line but reappear in the southwest corner of
Kingfisher County continuing southward into Canadian County al-
most to Darlington. The outcrops, however, become discontinuous
and the individual ledges cannot be followed. The following section
is given.

Section in NW. 14, Sec. 29, T. 15N, R.9 V.

Feet
6. Medicine Lodge gypsum, pink, top eroded ... .. ... 4
5. Sandy, white dolomite 2
4. Covered, probably shale 16
3. Gypsum, with satin spar immediately underneath ... 2
2. Covered, probably shale 16
1. Feorguson gypsum 6

In the NW. cor. sec. 13, T. 14 N., R. 9 W., the writer saw a
fossiliferous dolomite, 11 inches thick, aparently the ledge found below
the Shimer farther north. It is a platy, porous, rather uniform gray
rock, with dark streaks and lenses. The fossils occur in baunds.

Close examination shows the ordinary porous material to be
oolitic, the spherules in the order of 0.5 to 0.25 mm. This seems to
grade sharply into a very fine grained, medium-gray dolomite show-
ing no spherules. It is in this phase that the fossils are observed.

The spherules are ordinarily dolomite. Some are hollow and
these appear to have a coating of calcite inside and occasionally a solid

‘core. They are closely spaced and have little matrix.

The dense type of dolomite is very pure, but contains a small
insoluble part of quartz sand as large as 0.08 mm. in diameter with
some brownish silt. It appears to contain more and coarser material
than does the oolitic type.

. A thin section shows uniform dolomite grains about 0.01
mm. in diameter in both types. The dense contains some spherules near
where it grades into the porous oolitic material. Many of the spher-
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ules are irregular in shape and indefinite in outline. Many are uniform
throughout, but others show a dark rim. Some small curved cavities
appear to be pelecypod casts (Plate X, D).

The same ledge as the above is somewhat better preserved along
the NL. NW. ¥ sec. 14, 'I'. 14 N, R. 9 W, but shows no new
features. ' .

The southernmost exposure of the fossiliferous dolomite known
to the writer is in an abandoned quarry in connection with an old
brick-yard near El Reno. :

SUMMARY AND CONCLUSIONS

The Northern area of the Blaine formation extends from the Kan-
sas line, the north line of Harper and Woods counties, in a general
southeasterly direction into central Canadian County, a distance of
about 150 miles.

Phe presence of dolomite in the gypsum series_composing the
escarpment, was noted in the earliest descriptions. Since 1897, dol-
omite has been located at intervals from northeastern Woodward
County to the vicinity of El Reno in Canadian County, and occurs at
several horizons. Although a number of sections taken along this
part of the escarpment show no dolomite, it seems safe to assume
that one or other of the ledges are present along the whole front,
within the limits named. ‘That the dolomites have not been more gen-
erally observed is due, no doubt, to their comparative thinness and
tendency to weather into inconspicuots granular material, commonly
obscured by talus.

Tour dolomite horizons have been noted. Three occur directly
beneath the three massive gypsum members, the Shimer, Medicine
Lodge, and Ferguson (named in descending order) and the fourth
consists of one or two beds, probably very thin, which occur ahout 40
feet above the Shimer, and at or near the top of the Blaine section.
The last horizon is inconspicuous and seldom noted.

The most persistent horizon, at least the one which has been
most often observed is that below the Shimer. As reported in pub-
lished sections, it varies from 10 inches to 3 feet, but 2 feet is the
most common thickness given. 1t has heen described as dolomitic sand-
stone and sandy dolomite, occasionally, as fossiliferous dolomite.

Slightly less frequently noted is a sandy dolomite or dolomitic
sandstone beneath the Medicine Lodge, which seems to be between 1
and 2 feet thick on the average. It has also been reported to be fos-
siliferous.

Much less commonly, a dolomitic sandstone under 1 foot thick
has been observed beneath the Ferguson gypsum.

DAY CREEK AND RELATED DOLOMITES 79

The term sandy dolomite or dolomitic sandstone, almost exclus-
ively used heretofore, is distinctly misleading. To the writer’'s mind,
it implies a detrital sandstone with more or less dolomite cement, or pos-
sibly a saccharoidal, coarse grained rock. As a matter of fact, these
dolomites are neither one nor the other. On the whole, they are ex-
ceedingly fine grained with only a small per cent of insoluble matter,
and are quite pure dolomite. The “sandy” character, so commonly
noted, is due, as far as the writer has observed, solely to a fine oolitic
or sub-oolitic texture, and is brought out only by weathering. Tt
seems much more appropriate to describe these rocks as “sandy-weath-
ering” or oolitic dolomite.

The dolomites are typically gray in color, varying in shade with
the amount of weathering. As far as the writer has observed, there
are two types which grade into each other.

One type, when fresh, is very dense, dark gray, somewhat brittle
with a smooth, sub-conchoidal fracture. It is very fine grained dol-
omite with only a smaill amount of gray silt and fine quartz as im-
purity. It may show fine laminations.

The more commonly observed type weathers into a friable, light-
gray rock with granular texture. Thin sections show that this is due
to small spherules of fine-grained dolomite, less than 0.5 mm. in di-
ameter, not noticeably different from those described in some detail
from the southwestern part of the State. The replacement of this
oolitic type of dolomite by gypsum in one instance is a notable feature.

) Pelecvpods have been frequently noticed in these dolomites, par-
ticularly the one occurring below the Shimer. In places they are very
abundant although poorly preserved, commonly as casts.

In general the dolomites of the Northern area show no striking
difference from those of the Southwestern area, particularly the fos-
siliferous and oolitic phases. They are especially comparable to typi-
cal occurrences of the Creta dolomite.

THE DAY CREEK AND CLOSELY RELATED DOLOMITES
GENERAL DESCRIPTION
INTRODUCTION

The dolomites described in this chapter are those originally re-
garded as one formation, the Day Creek. but shown in recent years
to comprise more than one stratigraphic horizon. As the correlation
of some of these dolomites appears to he a matter still in question,
and as they all have more or less the same appearance and composi-
tion, it is thought best to treat them as a unit in contradistinction to
the Blaine dolomites, with which they have little in common.
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Although the Day Creek dolomite has been known for at least
thirty-Aive years, our information about it has been rather scanty.
During the last few years considerable work has been done on the
stratigraphy of the region involved, but not very much has been pub-
lished and no map of the formation has appeared heretofore. In this
chapter, the writer presents practically all that has previously been
written about it, together with preliminary maps very kindly given
him by G. D. Putnam. To this is added the results of a rather general
personal examination in the field and lahoratory examination of the
dolomites which gives new data as to their character. However, much
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Figure 8.—Map of western Oklahoma showing Day Creek and related dolomites.
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remains to be discovered about these interesting rocks. With the pub-
lication of more of the detailed stratigraphic information being ac-
cumulated by a number of economic geologists a thorough study of
them will be much more easily executed.

DISTRIBUTION OF DOLOMITES

The dolomites considered in this section are situated in north-
western Oklahoma, and extend across the State boundary into Clark
County, Kansas. All occurrences are west of the Dlaine escarpment,
outlined in the previous section, but in Harper and northern Wood-
ward counties, the escarpment formed by the Day Creek follows that
of the Blaine very closely.

Figure 8 shows the distribution and location of the dolomites.
North of the Cimarron, they occupy a considerable portion of central
Clark County. -South of the Cimarron in Oklahoma, they stretch diag-
onally across Harper County and into northeast Woodward County.
South of the town of Woodward dolomite may also be found. The
Red Hills between Watonga and Geary in Blame County are capped
with dolomite. The Day Creek has been reported to occur near
Thomas in northeastern Custer County. In the gemeral vicinity of
Weatherford in the southeast corner of the county, particularly south
and southeast of the town, very interesting dolomites occur. ‘These
districts include all the prominent dolomites found in western Okla-
homa above the Blaine.

TOPOGRAPHY

The topography produced by the Day Creck and associated dol-
omites is quite comparable to that due to the Blaine gypsums. Being by
far the hardest rocks in this part of the State, prominent escarp-
ments, huttes, and outliers are common. Although the contrast of
light and dark colored rocks seen in the Blaine is lacking, the various
shades of brilliant to dark red observed in the underlying Whitehorse
sandstone gives the escarpment an almost equally remarkable appear-
ance.

T'he relief varies greatly from place to place along the escarp-
ment, probably being greatest in parts of Clark County and in cer-
tain scctions southwest of the Cimarron River. Roughly, it is not
thought to exceed 250 feet at any point along the immediate front.

The drainage need scarcely be mentioned here, having heen pre-
viously described for the most part. South of Canadian River, the
drainage is almost entirely toward the south. Deer Creek joins the
Canadian River west of Bridgeport, but most of the creeks drain into
the Washita River which crosses Custer, Washita, and Caddo coun-
ties in a general southeasterly direction, and is the southern bound-
ary of the region concerned in this section.
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STRATIGRAPHY

. .
» ’lh_e Day Creck has previously been mentioned in several

places and its position in the stratigraphic column given (see p. 13)
As originally described by Cragin®, it was included in his Kiger division
of the Cimarron series as follows:

Big Basin sandstone

Haclkberry shales

KIGER DIVISION Day Creck dolomite
Red Bluft sandstone
Dog Creek shales

v . .
Without following the three or more changes since made in the

classification, the lez}homa section corresponding to the Kiger
division (see p. 13), is given here. v

Quartermaster
Cloud Chief
Day Creck
Whitehorse
Dog Creek

Woodward Group

l\Vhether the Day Creek represents the hase of the Cloud Chief
or the top of the Whitchorse, is not important in this discussion.

‘ ~A|S will be mf:ntmned later, certain dolomites which were long
1(;gnll( e{lv;ls. Day Lre'c‘k are now placed either above or below the top
ot the Whitehorse. T'o the writer's knowledge the correlation of the

beds found near Thomas and the dolomites of the prominent butte

a few miles southwest of Canton is 3 i
! S ; anton 15 a more or less disputed matter
and in the We I b

atherford district there are dolomites about which no
general agreement has been reached. Tt appears then, that the only
dolomites which are Day Creek beyond any question are the typical
ones of Clark County, Kansas, and northwestern Oklahoma north
of Taloga, and certain dolomites in the Weatherford district which
appear to separate the Cloud Chief and \Vhitehorse. It may even be
questioned whether the latter are contemporaneous with those of
Clark County. T'he final solution of the problem prohably rests with

the several oil geologists who hav ing 1 i i
0 who have been working in this region m
or less recently. £ S ore

HISTORY OF EARLY INVESTIGATION OF THE DAY CREEK

The ]?ay (_‘1‘cck was first mentioned hy Orestes St. John™ in 1886
who described it as a “gray. cherty, sometimes gvpsiferous limestone”
where hf— saw it at the head of Day Creck in Clark County. It was
left to I W. Cragin™, however, to recognize this formation as a d(;l-
omite of rather exceptional purity, and to give it the name, Day Cre k
His original description follows in full : i -

75, Op. cit, p. 363, 1894
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GENERAL DESCRIPTION

Upon the latest of the Red Bluff beds rests a persistent strat-
um of dolomite, varying from less than a foot to five fect or more
in thickness. This is the same as the ‘‘gray, cherty, sometimes
gypsiferous limestone’’ noticed by Professor St. John as occur-
ring in Clark County at the head of Day Creek. 1t is a true
dolomite, containing with the carbonate of lime an equal or even
greater percentage of carbonate of magnesia, as indicated by a
qualitative analysis kindly made for the writer by Prof. William
Strieby of Colorado College. Though mnot of great thick-
ness, it is an important member of the upper Permian of southern
Kansas and northern Okinhoma owing to its persistence, which
makes it a convenient horizon of reference. 1t may therefore be
congidered a formation by itselt and, to distinguish it from other
and less important dolomites of the Cimarron series, be cualled the
Day Creck dolomite, after the abovenamed locality of its occur-
rence.

The stone is nearly white in fresh fraecture, weathers gray,
and often has a streaked and gnarly grain crudely rescmbling
that of fossil wood. 1t is more or less ccllular and, in places,
eanecllated. Irregular nodules of limonite arc here and there im-
bedded in it. 1ts cherty hardness and fracture are not due to the
presence of silica, as onc is tempted to infer, but are characters
belonging to it as a dolomite. It is a durable building-stone as
shown by the old buildings and corral-walls of the Fares ranch on
West Bear Creek, which are built of it; but it is somewhat diffi-
cult to trim to desired shapes owing to its erratic fracture, and
Mr. Jares informed the writer that when fires were made in the
fircplace that was built of it, the stone began to ‘‘pop’’ and
erack in pieces, showing its unfitness for use where it would be
subjected to much heat. From the skirt of Mount Prospect and
the region of the junction of IHaekberry and Bluff erecks, the ex-
posures of the Day Creck dolomite extend almost uninterruptedly
westward, past East and ‘West Bear crecks, including the vieinity
of the Fares place, to Little Sand Creek, west of whieh they are
less continuous. The formation appears, however, in the ravine
that heads just west of Little Basin, and it scems probable that
the ledges recorded (l. e., page 142) hy Professor St. John ‘‘on
Gypsum Creek a few miles above Cash City, on the borders of
Clark and Meade counties,’’ as well ng a less characteristie ledge
which the writer recently obscerved on Crooked Creek near the pres-
ent location of Odce postoffice, should be referred to the Day Creek
formation. A number of vears ago, the writer ohserved a stratum
of dolomite capping the so-called Centenuial mound™ on the old
trail from Kinsley to the Salt plain, in what is now Woodward
County, Oklahoma. Some of the field notes of that reconnaissance
have been lost; but if it he remembered correetly, this Centennial
mound dolomite was correlated with that which is here called the
Day Creck.

At one locality in Clark County, a point on the Little Sand
Creek drainnge passed by the rond from Fares yaneh to ““St.
Jacob’s Well,”? the Day Creek stratum presents a peculinr varia-
tion. 1t there bheecomes a homogencous, semi-translueent white
rock of remarkably pure aspeet, unlike any other roek with which
the writer is aequainted, but hearing more or less resemblance
to fine-grained marble, or to onyx or chalcedony. TIn honor of
Mr. TTenry Fares, formerly of the Fares ranch, to whom the writer
is indebted for most enthusiastic and valuable assistance in sev-

Formerly called Sentinel mound.
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eral of his earlier geological reconnaissances of Clark County and
the formerly so-ealled Public Lands, it is proposed to call this
interesting lithologic occurrence, or rock-variety, Faresite.

In the following year Cragin noted the persistent north and
south extent of the Day Creek and described it as foliows:

In the western part of Clark and in Meade County, Kansas,
the Day Creck formation loses its typical character. 1t is there
represented by a band of greenish-gray to red and gray sandstone
with occasional streaks of dolomite. Thig band * * * appears as
a soft grecnish-gray sandstone in a deep right-hand canyon of
Big Sandy Crecle * * * a little below the junction of Big Sandy
and Gyp crecks. On Two-mile Creck, farther southwest, it ap-
pears as a two-foot bed of red and gray sandstone * * *

From this logs of typical character which befalls it in the
most westerly outerops of the Kiger division in Kansas and from
its moderate thickness, one might be ready to infer that the Day
Creek js an unimportant formation. Sueh a coneclusion would be
erroneous, as the extent of this dolomite in essentially its typical
phase is very much greater in the general southweslerly course
of the Cimarron outcrops than east and west, and it is probable
that tho horizon of its modified western exiension in Xansas can
usually, if not always, be identificd where its position is exposed
and where due caro iy exercised in the obscrvations. Tho brow
of the Red Ilills near Watonga, Oklahoma, is coped with the Day
Creck dolomite, which thero presents itsclf as a compact stratum
of pray, somewhat pinkish or reddish tinged, cherty-hard rock,
littlo different from the typical ledge that skirts the flanks of
Mount Lookout in Clark County, Kansas. The stratum has a
thickness of three feet.

About 1900 Gould took up the work of the geological pioneer in
western Oklahoma. In 1905 he said of the Day Creek:

Tha line of outcrop of the Day Creek in Oklahoma is not
continuous; nevertheless, it is found in numerous localitics, and
on acecount of its distinetive lithological appearance it is always
ensily recognized. 1t is displayed on many of the hills of Wood-
ward County, not only north of the Cimarron, but also between
the Cimarron and the North Canadian and south of the latter
strcam. Tn Dlaine County it forms the eaps of a number of tho
prominent hills, notably the Red 1lills between Geary and Wa-
tonga. South of South Canadian River in Caddo County the dol-
omite ecovers the Whitehorse Buttes southwest of Bridgeport ana
outerops southwestward as far ns the headwaters of Cobb Creek
and on the west side of that ercek past Colony. In the vieinity
of Mountain View, in the valley of the Washita River, a ledge
of dolomite appears at the same general lovel as that occupied
by Day Creck, and another dolomite ledge in the hills north of
Harrison may provisionally be referred to this horizon.”

It may be mentioned here that in 1907, Gould described the
Alibates dolomite in the central Panhandle of T'exas, which is very
similar in appearance and occurrence to the Day Creek. Opinions
79. It has heen previously shown that the dolomlites at the last two localities

belong to the Blaine formation, and are probably the Mangum member

(see pp. 58-63), Harrison was formerly on the Chicago, Hock Island and
Pacific railroad about 9 miles west of Mountain View.
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differed as to its position, but in 1926 Clifton” suggested that it be cor-
related with the Oklahoma dolomite. Mlore recently it has heen
recommended that the name Alibates be discarded and Day Creek
be used.”

STATEMENT OF LATER WORK

I'he above descriptions give practically all that had been pub-
lished until 1924 about the Day Creek. During the last five years, how-
ever, at least two revolutionary changes have been made in our ideas of
the stratigraphy of what was formerly regarded as one formation.

In 1924, Gould stated that the dolomite of the Red Hills, in
Blaine County, was not at the top of the Whitehorse, but not far
above its base. This is now generally recognized and the dolomite
of this district is known as the Greenfield.

In July, 1928, Iivans® published his views on the stratigraphy of
the Weatherford district and stated that the dolomite of the Caddo
County Buttes was not Day Creek but was at a horizon near the base
of the Quartermaster and unconformable on the Whitehorse, Day
Creek and Cloud Chief.

DIVISION OF DOLOMITES

Considering the results of the more or less recent work given
above, as well as the distribution of the dolomites, it seems advisable
to treat the Day Creek, as understood by Cragin and Gould in the
early days, in three separate parts, as follows:

T'he Day Creek north of Canadian River.
The Greenfield dolomite.
The dolomites of the Weatherford district.

The work of recent years, briefly mentioned above, will be con-
sidered in detail in connection with the districts concerned.

THE DAY CREEK NORTH OF CANADIAN RIVER
INTRODUCTION

The Day Creek north of Canadian River may be regarded as
typical, as it includes the type locality, and in good exposures is more
or less uniform in character. T'he occurrence of the Day Creek in
this area is easily seen on the accompanying map, Plate XVII by
Putnam. This map is not an exact duplicate of 'utnam’s original
one, but the outcrops are essentially the same.

'80. Clifton, R. L.,—Stratigraply of the Whitehorse sandstone: The Oil and

CGlas Journal, vol, 25, no. 2, p. 70, 1926,

81. Gould, Chas. N.. and Lewis, Ifrank £.,—The Permian of western Oklahoma

and the I'anhandle of M'exas: Oklahoma Geol. Survey, Cire. 13, p. 23, 1926.
82. Xvans, Noel, op. cit.,, 1928,
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DISTRIBUTION OF DOLOMITES

As has been previously mentioned, dolomite is found in central
Clark County and occurs both north and west of Ashland. South of
the Cimarron in Oklahoma the escarpment may be followed from the
northwest to the southeast corner of Harper County from where it
extends for a few miles into northeastern Woodward County. Other
occurrences are found between the North Canadian and Canadian
rivers. South of Woodward, a rather low and inconspicuous escarp-
ment has been traced for a few miles. Another outcrop has been
mapped southeast of Seiling. Still farther southeast and a few miles
southwest of Canton, a prominent butte occurs exposing at least three
dolomite menibers, one of whicl is doubtless Day Creek.

The writer's observations on the occurrence and character of the
dolomites will be recorded in detail by counties considering them from
north to south.

CLARK COUNTY, KANSAS

This county adjoins Oklahoma directly north of Harper County.
As stated before, it from here that the Day Creek dolomite was first
described. Day Creek is a tribulary of the Chmarron, flowing south
from near Mount Lookout past the village of Sitka.

The escarpment hearing the Day Creek may be found about 3
miles north of Ashland, from which point it may be traced hoth north
and west for about 10 miles, having a serrate front over all its length,
Outliers may he found northeast of the town and there are also some
a few miles to the south and southwest.

T'wo localities in Clark County were examined and gave consid-
erable information about the typical dolomite. Although one was at the
head of Day Creek, the dolomite there was not very well exposed.

A good exposure of the Day Creek was visited in the N 15,
sec. 2, 'I. 35 S., R. 24 W. On the west side of Little Sand Creek,
two prominent ledges were found, separated by a red sandstone, the
lower one betng dolomite,

The highest ground is capped by a whitish limestone at least 8
feet thick. It contains no dolomite. "This is no doubt the ledge which
caps Mount Lookout and Mount Jesus.

Some 90 to 100 feet below this member is the Day Creek dol-
omite having a maximum thickness of about 21 inches. The top 6
inches is full of irregularly massed cherty material, then follows 3 to
4 inches of reddish, thinly banded rock with a rather platy cleavage.
The lowest part resembles the second, but weathers differently. The
banding is very wavy.
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The cherty material occurs as nodules weathering in relief, some
like well rounded pebbles, others very irregular, but with very definite
boundaries. It is also found as thin horizontal layers, as well as in-
definite networks of chert in carbonate. Some seems to coat the sides
of vertical intersecting joints,

A specimen from 6 to 10 inches below the top of the ledge
seemed to coutain 1 to 2 per cent calcite, but none could be detected
on a polished surface by staining. The weathered surface is “sandy”
and composed of tiny rhombohedral grains of dolomite. The color
bands are somewhat indistinct, grade into each in some cases, thicken
and thin, and some seemed to dip into each other at low angles. They
are roughly 1 to 5 mm. in thickness and vary from reddish-pink to a
very faint pink. A variation in the size of grains is not apparent.

A specimen of the white weathering rock, from the bottom of
the member, is perhaps finer grained and paler in color on a fresh
fracture, mostly faint pinkish gray. It is quite fine grained even
with a hand lens. 1t is plainly but faintly banded, most of the bands
visible to the naked eye being a millimeter or two thick. The bands did
not seem to be continuous nor strictly parallel and in some instances
seemed to pinch out or dip into each other. Some of the small lay-
ers are marked by cavities up to 3 to 4 mm. in length. The fine hands
show no contortion,

In thin section this rock is remarkably pure and consists of fitle-
grained carbonate with small lenses of coarser (about 0.08 to 0.16
mm.) arranged in rows roughly 0.5 to 2 mm. apart. Cavities appear
in many of these lenses. The grains are subhedral to euhedral rhom-
bohedrons.  On close examination, the fine-grained part seemed to con-
sist of two sizes of grain, minute ones from 0.004 to 0.008 mm. and
larger ones about 0.04 mum., the latter without any definite shape.
With high magnification some small angular grains of quartz were
found about 0.02 mm. in diameter.

With Lemberg's solution this rock appears to he wholly dolomite,
but there is certainly some calcite in the small cavities.

‘The so-called chert presents some interesting petrographic feat-
ures. A specimen containing a couple of rounded concretions about
114 inches in diameter was examined in some detail. One of the latter
was broken and showed a faint brown core with a bluish rim. The

line of demarcation is very sharp, particularly on the weathered sur-

face. The exterior is gray. Both parts are very fine grained, re-
sistant to a knife blade, have a dull lustre, and irregular fracture.

A thin section shows the contact between a concretion and its
exterior. Tt shows a U-shaped core of carbonate with grains averaging
about 0.03 mm. in diameter. The one side and end of this has a dis-
tinct border consisting of a network of chalcedony. The inner edge
is very sharp, but it feathers out into and includes the surrounding
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carbonate, as shown in Plate X1, /1. The other side has ouly a trace
of a chalcedonic band, but the intervior is very uniform while the ex-
terior contains swarms of euhedral quartz crystals and a vug lined
with chalcedony and later vein quartz.

I'he quartz crystals are subhedral to sharply cuhedral, showing
four and six-sided sections as in Plate X!, B, ranging from 0.08 to
0.20 mm. in greatest diameter, Practically all include one or more
minute specks of carbonate. T'he shape of the sections indicates that
the quartz crystals have a short hexagonal prism and one rhombo-
hedron predominant.

In contrast, then, to what one would expect on hasty examina-
tion, this material has a subordinate amount of silica in it. ‘T'he car-
honate effervesces readily with cold dilute HCI and is no doubt cal-
cite. The concretions owe their resisting qualities mostly to thin
shells of chalcedony. ‘I'he eubedral quariz, on account of its lack of
abrasion or corrosion, the universal inclusion of carbonate, and the
similarity of all the crystals observed, is undoubtedly a replacement,
probably by the same solutions which formed the concretionary shells
of chalcedony.

The chert which follows the hedding seemed to contain little
carhonate. Fragments under the microscope appear to be fine-grained
quartz. On polishing a face at right angles to the bedding, the sil-
iceous layer showed a gradation into carbonate helow, which as near-
ly as the writer could determine is wholly calcite.

It appears then that the top of this member contains consider-
able calcite, and the silica may have replaced it by preference. How-
ever, on examining the irregular networks of silica and carbonate,
it evidently attacked the dolomite also.

A specimen of the latter shows irregular, fire masses of silica
weathered in low relief ahove a fine granular dolomite, revealed by
a lens to have subhedral to euhedral rhombic grains. A fresh sur-
face is quite uniform. the more siliceous parts bheing distinguishable
with difficulty, ‘I'he weathered silica scems to have a rude arrange-
ment parallel to the bedding, in one spot showing a rough crustified
structure grading from gray silica out to white carbonate.

A thin section cut to show hoth silica ard carbonate revealed a
distinct houndary between what is mostly fine-grained quartz and
chalcedony and mostlv dolomite, in one place shot through with small
(0.08 to 0.2 mm.) subhedral and some cuhedral quartz crystals, manv
with included specks of carbonate, as in Plate X1, C. Some of the chal-
cedony is in distirct spherulites and thev are cut hy a later clear vein
auartz. The spherulites themselves seem later than the main mass of
the quartz which has corroded and included much dolomite (as in
Plate XI, 1J), and also the cuhedral quartz crystals. Some of this
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quartz shows clear “phantoms” of dolomite rhombs which still have
a few specks of carbonate in the center. The chalcedony has grown
around and on dolomite crystals without a trace of replacement,
although it has grown on some corroded grains also. Some euhedral
grains wete noticed surrounded by chalcedony, interpreted as a cavity
cut near the wall. For the most part, it seems to have grown in cav-
ities and as spherulites,

It appears then that euhedral quartz crystals grew by replace-
ment in the dolomite ahead of the main front of replacement, and
were later included in the more massive quartz, some of which shows
a somewhat radiating structure. A later development was the growth

of chalcedony predominantly in the open spaces. Lastly small quartz
veinlets cut the whole.

4} . .
I'hese observations show conclusively that the chert has been
formed by replacement after the formation of dolomite and also, it

seems, after the formation of joint planes. Surface waters were prob-
ably the agents.

In the SF. cor. sec. 16, T. 32 S., R. 22 W., at the head of Day
Creek, some fresh blocks of dolomite were observed, although the ex-
posure in place is not very good. These blocks measured as much
as 21 inches thick, and contained many chert concretions and lenses.

’l_yplcal' of this (10!01111te was a massive, fine-grained, very light
br_owmsh pink rock with a somewhat sub-conchoidal fracture, con-
taining no detectable calcite.

A thin section showed the rock to be uniform in i
; grain (mostly
from 0.013 to 0.04 mm.) except for small irregular spots where the
grain size is larger. A few small quartz grains (0.06 to 0.11 nm, )
are scattered throughout and are no doubt detrital. :

A rather pure white carbonate rock occurring in the same blocks
rather massive and coarse grained, turned out to he pure calcite ex-
cept for some quartz grains. Unfortunately the writer does not recall
the relations of this to the dolomite. However, it seems that we have
calcite and dolomite interbedded or more probably a bed of calcite
over the dolomite which has proved suitable for rep’lacement by silica-

b(lsarmg solution. Below this member is red sandstone, shaly in
places.

It may be said here that the writer spent some tinte in examining
th.e capping of Mount Tookout and Mount Jesus but found no dolo-
mite, even in the hard nodules from the upper part.

HARPER COUNTY, OKLAHOMA

South of the Cimarron River, in Harper County, the escarpment
of the Dav Creek extends, according to Putnam, from the NW. cor.
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T. 28 N., R. 25 W, east and north to a point 5 miles east of Willard,
then south and west around the headwaters of Buffalo Creek, between
Doby Springs and Buffalo, then to a point half a mile southeast of
Buffalo where it turns south for 10 miles. From that point it continues
eastward with a serrate front to the extreme southeast corner of the

county.

About 214 miles due west of Kibby, near the NC. sec. 20, I'. 26
N., R. 22 W., a single member may be found. In general it appears
liard, massive, quite uniform and varies between 20 and 30 inches .in
thickness,

A specimen from the top of this member shows from 1 to 3 inches
of very dense, fine-grained, massive, hard, creamy-white rock, which
seems to be a very pure dolomite. Deneath this is a thin gray layer
mottled with pink, the latter being calcite and forming stalactitic ma-
terial on the hottom. T'he gray seems to be calcite too. In addition,
this mottled material veins the dolomite above it in short gashes.
"This appears to be the result of secondary surface changes and seems
to have proceeded from the vertical weathered surface. The specific
gravity of the white dolomite is 2.78. '

Betow the hard dense cap of this ledge is more porous and dis-
integrated material. A specimen from near the middle of the bed
shows a medium-grained dolomite, white with coarse indistinct pink
bands, which are cut through by somewhat indistinct veinlets of quartz
and perhaps some calcite. Cavities contain these secondary minerals
also and the whole rock may be impregnated with calcite between the
dolomite grains.

A thin section shows carbonate distinctly replaced by silica, some
certainly chalcedony, but in other places it appeared to be quartz.
Later than this and filling the centers of veins and cavities is clear
vein quartz. Just how much, if any, of the carbonate is calcite ap-
pears uncertain. Anhedral interlocking grains are interspersed with
more subhedral ones. They include small perfect rhomhbohedral crys-
tals with different oriestation and also “phantom” markings, rhombic
in shape, as in Plate XII, A, having parallel orientation with the en-
closing anhedral grains. Some phantoms have hexagoral or trangular
outline. ‘I'he coarse anhedra are roughly 0.5 mm. in diameter.

A specimen from near the base of the dolomite member shows
urusual and puzzling features. A number of rather fine grained red
dolomite fragments about an inch or more across are sharply angular
as well as somewhat rounded and are set rather closely in a white
matrix which veins through them in some instances. The matrix also
contains many more indefinite smaller pink patches, seemingly rem-
natits of larger fragments which it has partly replaced. On the
weathered surfaces the larger red ones are distinctly banded and va-
riously oriented. 'I'he matrix seemed predominantly quartz, but there
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is much rather medium grained white dolomite, surrounding and vein-
ing the pink, also as nests in the quartz. The quartz lines cavities and
seems to be the latest mireral. On a weathered surface and in some
small cavities small rhombohedrons may be seen also, but this may
be due only to the weathering of the massive dolomite. I'his weather-
ed dolomite has calcite as fine spots and seams between the grains.

The writer did not observe any dolomite in passing from Kibby
to Supply.

Near the Ng. sec. 32, T. 25 N., R. 20 W, a single dolomite ledge
was observed. This is about 16 inches thick with about the same
thickness of quite compact sandstone directly underneath. A thin gray

and pink bed 2 to 3 inches thick and several feet Dhelow is entirely
zalcite,

] Cappin.g the 16-inch member is a medium-grained, hard, heavy
fairly massive rock, grayish-white on fresh fracture. A rather crude
rusty handing is characteristic of parts of this type. Small cavities are
zommon, usually lined with coarse calcite. This rock can be only faint-
ly scratched with a knife, leaving a scratch hardly seen without a lens.

In thin section, faint stratification shows to the naked eye. A few
small nests of quartz may be found consisting of a few anhedral in-
terlocking crystals each,—certainly not detrital. The carbonate appears
Lmlfm;m but the grains vary from 0.32 to probably 0.05 mm. in diame-
ter. The main mass of the carbonate has a distinct tendency to be
subhedral and some is etthedral, and consists of dolomite with a small
percentage of calcite occurring, no doubt, in the cavity linings. Per-

fect small rhombs are noted in much larger subhedral or anhedral
grains
z .

A specimen from the lower half appears very similar to the
former, possibly whiter and a little softer and more porous. Tt scems
to be entirely calcite, however, and effervesces freely with cold HCL.
An interesting feature of this rock in thin section is a few rhombic
sections with somewhat ragged edges, one with a long diameter of
0.32 mm., in a matrix of much finer grain.

Another specimen from the lower half is quite coarsely crystalline,
brownish-gray dolomite with considerable clear calcite in small spots
and craclfs. A weathered surface shows black dendritic markings.
The relations of the limestone to the dolomite in the lower part of this
bed was not observed.

Locally, the top part of the ledge contains hard, fine-grained, gray.
chert-like portions. On the surface these are weathered in a sort of
mud-cracked pattern, the cracks being about 2 irches deep in some in-
stances. In thin section this material is chiefly an intergrowth of
quartz and chalcedony. Some euhedral quartz crystals with a sort of
zonal structure were observed, about 0.25 mm. in diameter. Many
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other patches of quartz about the same size are scattered througl!lout
and they all seem to have numerous 1n’c111.51011s. Chalcedony rad 1at]es
from these crystals in many places. This no doubt represents tl:e
extreme of the process of replacement by silica as indicated in the
specimens from Clark County.

Some exceedingly hard and tough nodules 3 to 4 inches in diame-
ter which were associated with the above, appear to be over 5 per cent
silica and the rest dolomite, except for marked brown and black stain-
ing. On dissolvinrg the carbonate the silica is left as delicate skeletal
masses. Its presence is not at all apparent in the hand spectmen.

This same member crosses the highway in two places at about
4 and 5 miles respectively north and west of the above locality. 'The
thickness does not seem to be over a foot. The upper part is decided-
ly pink with some indistinct white 11]0.tt1ingr_.7 It is quite massive and
medium-grained with a few small cavilies. |>pth pink and white grains
are dolomite. - The gray chert and dark stained nodules are prfesen%
also. An irregularly shaped piece of dark red jasper was pickec
from among them. Tts lower surface is very irregular and has a thin
somewhat loosely attached crust of white colloform chalcedony.

WOODWARD COUNTY

From the southeast corner of Tlarper County the escarpment of

the Day Creek extends southeasterly across 'I'. 24 N, R. 19 W, and-

presents a very serrate front in I 24 N.. R. 18 W.. at the headwaters
of Chimney and Doe crecks. T'his district is exceedingly rough and
picturesque. The ledge disappears to the southward among the sand
hills north of North Canadian River.

The writer did not observe anv dolonite on the promirent butte
about a mile west of Quinlan. Some ledges. joint and f':}ult planes are
cemented with carbonate which proved to be calcite. ‘These are par-
ticularly noticeable at a place on the crest where the red sandy beds
are curiously and highly contorted and broken.

A small and inconspicuous occurrence of Day Creek has been re-
ported from near Fort Supply.

About the CF. 14 sec. 7, 1" 24 N.. R, 18 W, is a ratl)er poor
exposure of dolomite on the front of a steep escarpment facing ez_lst.
A ledge about 26 inches thick is well defined. It is rather uniform,
whitish, cherty-looking material. Some is light gray and pulverulent,
probably due to weathering.

A specimen typical of the fresh ma'teria.] is \yholly' ‘d()lonﬁl’e._ fine-
grained. massive and whitish with a faint pink tint. “The rock is no-
ticeahly porous. the small cavities heing from very small to 3 or 4 mm.
in diameter. They are quite evenly but rather spur'mgly distributed
and are inclined to be round or oval. tl‘he wrltcr.tlnnks these repre-
sent the first stages of decay of a massive and resistant rock..
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In thin section the above specimen shows no banding, is very uni-
form, practically ali carbonate and the little quartz found is almost
certainly not detrital. The dolomite grains are anhedral to subhedral

and grade from 0.18 mm. to very small, probably averaging about 0.10
mm. in diameter.

Some 25 feet-above the top of this bed is a light-gray, pulverulent
carbonate member about a foot thick. It proved to be entirely calcite,

The dolomite was examined again at a point about 12 miles north-
ward from the railroad at Mooreland on the “OK” Hy. 50. In this
vicinity the thickness varies from 12 to 21 inches, probably due to
weathering. The ledge weathers into irregular knobby dark blocks.
Most of the fresher material is light-gray with small, irregular, dark
markings. Chert is very noticeable here and in places much of the
member is silicified, commonly banded parallel to the bedding.

As far as the writer has discovered, much of the member is com-
posed of calcite. A very fine grained. light-gray, massive specimen
seemed to be entirely fine-grained calcite with a small percentage of
quartz and chalcedony. Another specimen from the same block of
material is largely silica, irregular patches of bluish-to brownish-gray
chalcedony, mostly having indistinct contacts with the carbonate which
again seemed entirely calcite. Some small cavities are lined with
chalcedony showing colloform structure. The association of calcite
and silica may be significant.

A specimen that probably represents much of the ahove ledge in
this district, although perhaps less friable than most, is a medium-
grained rock, coarsely banded pink and gray, rather porous, and so
closely packed with dark, presumably dendritic specks that color and
structure are rather masked. This rock effervesces violently in all
parts with cold HC! and takes what appears to the naked eyve as a fair-
ly deep, uniform stain with Lemberg’s solution. This shows how one
may easily fall into error, for on examining with considerable magnifi-
cation the stained parts are not easily discernible, but are apparently
fine-grained coats between the coarser grains which show cleavage
faces. On treating the fragments with cold HCI violet effervescence
ensues for several seconds then nearly dies out. The residue is nearly
all dolomite, which dissolves slowly on heating.

A specimen which seemed to represent the rock before weather-
ing, has a fresh layer about 1 inches wide, faint pinkish white, me-
dium-grained, which in one place is pure dolomite. In thin section
it is very uniform. The grains average ahout 0.13 mm. across and tend
to be subhedral, as shown in Plate XIT. B. Within a few inches this
layer grades laterally into what the writer regards as superficially al-
tered dolomite, showing thin, closely spaced. dark laminae and what
seemed to he an increasing percentage of calcite upwards. This may
be caused hy the development of fine porosity and the deposition of
calcite around and between the grains of dolomite.
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A thin-section of this material in contact with a thin chalcedony
lamina above it shows remarkably well the replacement of the car-
bonate by the chalcedony from the top down, as in Plate XII, C and D.
The carbonate itself appears very much like that in the section of pure
dolomite, except for a few small lenses near the chalcedony botder
which are coarser grained.

The sandstone at the above locality is light red and not noticeably
cross-bedded. Coarsely crystalline calcite crusts were observed as a
thin bed about 30 feet below the dolomite in one place.

South of the North Canadian River and a few miles southeast
of Woodward, what appears to be true Day Creek dolomite occurs
also. The exposures are rather poor and few, however, with no pro-
nounced scarps. o

In the LC. sec. 4, 'I'. 22 N, R. 20 W., near the road, is a white
sandy-appearing ledge, 15 inches thick in some places. A specimen is
rather massive, faint creamy white, medium-to fine-grained, with nu-
merous small irregular cavities. Faint gray dendritic markings are
plentiful. The rock has a distinct sandy feeling on both fresh and
weathered- surfaces. It appears to be pure dolomite. '

In thin section the rock is quite porous, and consists entirely of
carbonate and quartz. Some of the dolomite grains are subhedral but
mostly shapeless to rounded.  They are as large as 0.16 mm. in diame-
ter, mostly about 0.05 mm. Quartz is quite freely scattered through-
out, much of it euhedral to subhedral but some rather round or ir-
regular. Practically all includes fine carhonate and some shows ser-
rate edges. No doubt this is due to replacement, but there may be
some detrital grains also. ‘I'he diameters vary from 0.15 to 0.45 mm.

Some 16 fect below this and exposed by road grading is a thin
weathered ledge as much as 6 inches thick in light-red soil. A speci-
men looks much like the dolomites, medium-grained, pink and white
mottled, with numerous black dendritic spots scattered throughout.
It is, however, soft, easily crushed, quite friable and is apparently all
calcite. -A small per cent which is insoluble in cold acid seemed most-
ly silica.

A little north of the above locality, hoth ledges are more poorly
exposed in the road. 'T'he dolomite is about a foot thick. A typical
specimen is quite uniform, massive. medium-grained and light pink in
color. A few small irregular spots are now composed of clear cleava-
ble calcite, probably cavity fillings. Gray dendritic markings are
present except in the most massive parts. 'hin flakes of this rock are

quite translucent. Except for the later calcite, it is a pure dolomite.

A similar specimen but with more apparent calcite and dendrites,
and somewhat brecciated, appeared at first to contain little or no
dolomite. On examiring the most promising looking material under
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high magnification, after staining, the calcite appears to occur onl
as scales and coats intimately associated with coarse-grained dolomitg
On dissolving this out with cold acid and staining, the residue seemed
entrlely.dolo.nylte. On account of the undoubted secondary nature of
the calcite visible with the naked eye, the writer regards this also as a
secondary superficial product.

DEWEY COUNTY

In this county, the only dolomites that occur to the writer’s knowl-
edge are locategl a few miles southwest of Canton, where an isolated
butte is a prominent landmark.

In addition, Putsam shows on his map an outcr ;i
Southeas't‘of Seiling (from about sec. 14, Tl. 19 N, ilf)li7a\\f’ewez:lﬁltll?§
sec. 21, T'. 19 N, R, }6 W.) An escarpment occurs there whi,ch faces
toward North Canadian River. On examining it at a point about the
south-central part of sec. 17, 1" 19 N, R. 15 W, only one hard ledge
could b.e found. It' is on the face of a red sandstone bluff, the top of
which is covered with a gravel mantle in places. The thickness varies

floln 10 tO 16 lllclles. NO dololnlt V lla Ver w ound 1
€ W teve as 1 nen
f d 1 Specll S

However, the rock looks very much like dolomite. It is pre-
dominantly pink with white banding, commonly much contorted., A
specimen having angular to irregular white calcite spots and also small
bodies of red shale or clay appears to be a sort of breccia, with sub-
sequent rearrangement of the carbonate. It may be that ’the wr}ter
in a somewhat hurried examination did not find the dolomite, or that
this represents a local replacement of dolomite by calcite, but it seems

improbable. As to what exact hori i i
tble. ] orizon this ledge occupies, th
has no information. ° bies, the author

Shead™ gives an analysi “r ite” wi

) alysis of ““I'aloga dolomite” without any addi

tional data. The member described aboy Yaloga
; ‘e appears to b T

than any other carbonate ledge. . © nearer Laloga

. Infthe SE. cor.sec. 1, T. 17 N, R.. 14 W, a butte of red sandstone
and a few adjacent low outcrops provided one of the most interesting
single localities that the author saw in the field.

The butte itself shows three d i
) s ; olomite members, best ohserved on
tllle etazts side. The top is capped by a hard, fresh, whitish member
ah)ou o inches thick. From the top of this member it is 25 feet to
kg topqof the middle member, which is uniformly 48 to 50 inches thick
incﬁm ‘t]7' t;(eetb below the top of the middle ledge is a third, 12 to 14
es thick, but not very well 3 . i
e ik, | y e?(posed here. Between the ledges is

83. Op. olt., p. 79, No. 116.
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Specimens from the upper ledge appear to be very pure dolomite.
They are hard, non-porous and fine-grained. Color banding is ob-
served, dull pink to whitish, but the bands are not very well defined.
They seem to vary from an eighth to one inch, are wavy in some cases
and run into each other, showing in a small way phenomena similar to
cross-bedding or unconformity. The specific gravity of a fresh piece
was 2.79. 'The insoluble portion is very small, quartz grains, some of
which suggest a euhedral form, and some particles of iron oxide.

In thin section the rock appears quite uniform. The grains are
rather subhedral and about 0.05 to 0.10 mm. in diameter. Somewhat
larger ones form a few laminae and a very few scattered through the
fine are much larger and sub-rhombic, probably due to recrystallization.
A rather perfect one is shown in plate XilI, A. With ordinary light
the grains show somewhat brownish apparently due to very fine o-
paque inclusions, no doubt iron oxide. A little quartz may be found,
probably not detrital. :

In one spot this ledge shows distinct flexure of the bed as a
whole without any brecciation (see pl. 111, fig. 2). 'This may easily be
due to deposition on an uneven floor, hut in view of features ob-
served liere and elsewhere which will be mentioned later, it seems more
probable it is due to a disturbance of the bed while it was still in a
semi-plastic condition. 1n this bed and ncar the same spot extraor-
dinary crenulations of the fine bands may he observed. This can only
be explained by disturbance while in a plastic state, if we regard the
color bands as heing formed contemporancously with the deposition
of the original carbonate, and there seems no other alternative. The
color is plainly due to fine silt-like flecks of iron oxide. There seems
no reason to believe that this was introduced in any different manner
than in the red sandy carbonates, in which the red is due to iron oxide
as coatings around the detrital quartz grains and in the closely asso-
ciated carbonate crystals, plainly having been swept in with the sand.

The dark red sandstone below this dolomite cap shows some in-
teresting features—the one which bears on the subject in hand
being the presence of irrcgular ledges, stringers and nodules which
seemed to be dolomite. One piecec from a small lens about 2 inches
wide, is almost wholly dolomite, fine-grained, massive and light-gray
with fine pink markings. Some associated crusts of crystals
with rather indistinct forms are apparently entirely dolomite also.
The massive material contains only about 10 per cent of very fine
quartz grains. Another spot shows several feet of what looks like a
vein, or thin bed of dolomitic material from 1 to 3 inches thick folded
into a rough U-shape. ‘I'he writer believes these are secondary dolo-
mites deposited in favorable spaces in the sandstone by solutions de-
riving their magnesium from the ledge above.
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The middle ledge is remarkable for the sharp lower boundary and
gradational upper one and also for the lateral change from dolomite to
calcite particularly noticeable in passing from the east to the west side
of the butte.

Rather typical material from this ledge is quite pure, hard dolo-
mite, showing marked color bands from a rather dark reddish pink to
almost white. One color grades into the other and no clear-cut bands
were observed, hut they vary roughly from a few millimeters up to
1% inches. The lighter colored Dbands show dark dendritic specks.
The writer believes these always indicate decay, either solution or re-
placement by calcite. Some thin veinlets across the bedding have cal-
cite in them, which is accompanied by dendrites.

In thin section the above type is uniform with grains about 0.05
mm. in diameter but rather indistinct. Many seem to have minute in-
clusions. Very little quartz was observed. Some dolomite grains
have a small core that is dark under crossed nicols.

Another specimen representing part of the middle ledge is very
massive, hard, fine-grained and white, hardly scratched by =2 knife,
even under a lens. It is rather brittle and is somewhat closely frac-
tured. The cracks are very narrow and filled with white .calcite.
This rock is very pure dolomite with a quite small percentage of fine
quartz.

A specimen from the top of the middle ledge on the west side of
the butte consists of a white calcite matrix, uniformly and thickly set
with small, rounded, black dendrites a millimeter and less in diameter.
These dendrites were concentrated and found to be manganese oxide
(pyrolusite). At present the writer regards this as a surface alter-
ation of dolomite. It grades into less altered material on the south
side of the butte.

A specimen showing the lower contact of the middle member re-
veals a very sharp undulating boundary between a hard flinty white
dolomite and a fine-grained red sandstone. A piece from the upper
border is very complex, however. 1t shows red sandstone intimately
cut by thin, irregular and closely spaced dolomite stringers, white and
fine grained, often enclosing small cavities, many of which are lined
with clear calcite. Some fine-grained, creamy-white dolomite in this
specimen is clearly in the form of a vein about 6 inches by % to 1 inch.
There is also some clear calcite in the center of the vein and in small
cavities. T'his seems to be only an extreme result of the process
which has caused the fine network intersecting the whole.

In thin section, somewhat brownish gray dolomite appears as the
cement for sandstone, as fragments without any sand grains as in
Plate X1II, B and also as irregular and indistinct veinings shown in
Plate X1II C. The dolomite grains are very small and indefinite in
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shape. Some thin radiating fibrous coats, about more granular centers
are thought to be concreticnary. Lining some of the cavities is a
very thin, clear, crystalline crust, possibly dolomite. Calcite, which
came later, is clear and coarsely crystalline,

The sand is poorly sorted, almost wholly quartz with a little mi-
crocline, plagioclase and an opaque mineral (about 0.08 mm. in diame-
ter) possibly magnetite. The quartz grains vary from practically cir-
cular cross-section to very irregular, sliver-like or angular picces and
from 0.6 nm. in diameter to 0.03. The coloring matter for the sandy
parts is a very fine oxide powder clinging to the exterior of the grains,
apparently coating them before they were introduced.

At a small spot on the east side of the butte a marked local brec-
.ciation of the carbonate was observed in the middle member, mostly
on the weathered surface. A part, now weathered away, was evi-
dently dropped a few inches with respect to that still left, leaving a
breccia of angular fragments ahout Va-inch thick and varying in size
from 5 inches long down to very small fragments. The beds on a fresh
fracture are dark gray with thin pinkish white laminae. They seem
to be uniformly calcite. “I'his displacement may have taken place at
an carly stage in the history of the rock. Whether it was once dolo-
mite or not is a moot question, but it seems probable in view of the

processes which scem to have taken place in this same ledge and
locality as well as elsewhere.

Further evidence of displacement while the carbonate was in the
process of deposition was obtained from a specimen of dolomite which
shows a lower white and an upper pink band. ’rojecting into the
pink from the white is an angular piece of white about -1 by 14 inch
with hedding at ahout 45 degrees to that of the contact of the two beds,
The bedding of the pink is undisturbed, :

Just east of the section line from the butte, the lowest member is
better exposed. It is a massive pink dolomite, 12 to 14 inches thick,
with a very irregular lower contact, which is possibly gradational.

Some 24 fect above this occurs another ledge, poorly exposed
The weathered blocks of this are about 8 inches thick. It is a dense
tlinty, somewhat cellular dolomite, white and light pink banded. Al
parts noted were very hard. A specimen from the top shows thir
leaf-like cavities parallel to the bedding.

This ledge, while only about a quarter of a mile from the butte,
certainly does not appear on its flank. ‘I'he only explanation which
occurs to the author is that it represents the most resistant part of the
thick middle ledge, lowered by removal of the fine friable sandstone
underlying it, and with its more soluble and coarser-grained parts re-
moved. All that may be observed of it now is of the most resistant
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character and seems very pure dolomite,—rock capable of wnthstapld-
ing such intense weathering. The surrounding country for some miles
is flatly rolling agricultural land.

To the writer’s knowledge, the correlation of these interesting beds
remajns in doubt.

SUMMARY AND CONCLUSIONS

The Day Creek as found north of the Canadian Rln'(eﬁ nllayc(l))lelznrte—
garded as typical. It is prominently exposed in centraf ]ar E ‘ rro);,
Kansas, from where it was first described. South of the Cima on
River in Oklahoma it occurs as a more or less conspicuous leSC?.rpnzion
extending from northwest Harper County in a soutléeaster y (Plrf\cveen
across the county and into northeastern Woodward oql}tiv.D .)eC en
North Canadian and Canadian rivers, more or less t_vplLla ay rrcted,
may be found southeast of Woodward and it has also been frecpot d
from southcast of Seiling. A prominent butte southwest of Canto
has several ledges of uncertain correlation.

As observed in Clark County, the Day Creek is about 21 ‘mchves
thick. The dolomite is rather thinly and indistinctly bz}ndedl md \ia—
rious tones of pink or red grading to white. In thin section t1ie_3 oﬂo-
mite is shown to be very pure, fairly colorless, with grains, for the
most part, less than 0.1 mmn in diameter.

The top 6 inches of the member is remarkable for the amount tofl
silica it contains. Tt occurs as nodules, vein-like stringers, !10r_1201t]];1
layers and networks of hoth chalcedony and quartz. Tt is mtlmate'y
mixed with carbonate, however, and tlle‘ amount of silica {)r'esle'nth'xlst
not as great as appears at first glance. Thin sections S];Q\‘\I' plainly ! {0
it has formed by replacement of carhonate, part_c_)f which ?lfPear'“ o
be calcite. There are at least four types of' silica, namely i——srqrah
euhedral crystals under 0.2 mm. in cross-section; fme-gmn‘lc( ?i“(tin z
of complex character; chalcedony as spherullhqs. crusts len( ra(t ;lagtg
growths; and vein quartz. These are formed, in some places at least,
in the order named. -

In TTarper County, the dolomite is not radically dlfferelzgt fro%g
that observed in Clark County. It appears to vary from to ¢ 1
inches thick. Some phases of the dolomite are exceedingly lpure al:;
‘hard. and it is difficult to make any perceptible scratch on them wi ‘1
a knife. Several instances of replacement by silica were 111otlce<.
Calcite was seen in cavities, veinlets, and as very fine seams l)et\y\lze_e?
grains of dolomite. Some parts of the ledges were obserlve( \\fnm
were wholly calcite.  Whether these represent an ex§r§|11¢=i1]) ms'e.? 1::
placement and impregnation of f]olomlte or were ongu']ad y ca 1c1 e1 a(q.e
not heen determined. A puzzling feature was observed at tt1e l; .
of the dolomite in one locality where red dolomite fragments, bo
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angular and somewhat rounded, some banded, and variously oriented,
are apparently included in and partly replaced by white dolomite,
which in turn has been partly replaced by quartz and possibly calcite.

In Woodward County, the dolomite is- most conspicuous around
the heads of Chinmey and Doe creeks, where it varies from 12 to 26
inches in thickness. In places much of the member is silicified. The
carbonate seems to be largely calcite in such places. In others inti-
mate mixtures of calcite and dolomite are found, the former occurring
as very fine coatings around and hetween the dolomite grains. One
specimen showed a definite layer of carbonate which graded laterally
from pure dolomite to a mixture of dolomite and calcite, the latter ap-
parently closely connected in origin with a band of chalcedony.

Southeast of Woodward a pure creamy white to light pink dolomite
occurs in places,

In Dewey County, three dolomite members were noted in a butte
a few miles southwest of Canton. Capping the butte is a hard, white
dolomite, 3 feet thick, locally showing flexure of the heds as a whole
as well as extraordinary crenulations in the thin laminae. Vein like
dolomite stringers were noted in the sandstone heneath. The middle
member is about 4 feet thick. It hasa sharp lower contact and a grada-
tional upper one.  Several types were found in this ledge ranging from
a pure, very hard, white dolomite to a soft calcitic rock full of dendrites
of manganese oxide. Marked local brecciation of the bed was noticed
in one spot. The third and lowest member is about 1 foot thick.

- In general. then, the typical Day Creek is a single ledge of dolo-
mite, about 2 feet thick, commonly very pure, hard, medium-to fine-
grained. It is massive and white in places, but commonly is handed
with pink or red.  Silicification by quartz and chalcedony is a com-
mon feature. The writer believes this is ¢due to a surface process,
accompanied in most cases by a replacement of the dolomite by cal-
cite. The occurrence of rather coarsely crystalline calcite in veinlets
and cavities as well as microscopic crusts and stringers between the
grains probably represents an initial stage of the latter process.
Whatever view one may adopt, there is o doubt that dolomite has
been removed and calcite has taken its place. Whether the process is
truly metasomatic may be open to question.

The writer has seen no indication that the dolomite has replaced
calcite, but the relations of certain more or less pure calcite portions of
the ledge to the dolomite has not been accurately determined. They
may be original.

The development of minute dendrites or specks of manganese ox-
ide is typical of disintegrated dolomite and commonly accompanies the
calcite. The breaking down of the dolomite to a pulverulent granular
rock is characteristic of the coarser grained varieties.
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THE GREENFIELD DOLOMITE

INTRODUCTION ) ) )
ated, the dolomite of the Red 'Hllls in Bla_mc
s Day Creek, was recognized in 1924“as being
dstone and not far above its base.* It has

As previously st
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Figure 9.—Map of Greenfield dolomite.

84. Gould, Chas. N.,—A new_classification of the
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since been given the name of Greenfield dolomite, from the village of
Greenfield, midway hetween Watonga and Geary. Its presence in this
locality was first noted by Cragin.

OCCURRENCE OF DOLOMITE

The Greenficld dolomite is found in Tps. 14 and 15 N., Rs. 11 and
12 W., the central part being just west of the village of Greenfield
(see fig. 9). ‘I'he dolomite caps a rather pronounced escarpment fac-
ing the North Canadian River. A prominent outlier is crossed by the
highway between Geary and Watonga and dolomite may he found on

either side of the road.” “I'he accompanyirg map of the dolomite is due -

largely to G. D. Putnam. Fvans is responsible for the Greenfield
dolomite shown west of Bridgeport (sce fig. 11). 'I'he dolomite there
is not conspicuous and the writer has no ohservations on it.

STRATIGRAPHY AND DESCRIPTION OF DOLOMITE

Reports which have reached the writer as to the dolomites of this

district have heen conflicting.  Putnam has stated that there are three
ledges as in the following section.

General Secction near Greenfield, Blaine County.

Feet
Whitehorse sandstone 350
Greenfield dolomite ?
Sandstone ... .. 27
‘“Twin dolomites’” separated by 7 feet of sandstone . f
Sandstone ... T

Thin white sandstone seam
Dog Creck shales

This section should he compared with the one b

y Lvans, see fig.
12, who notes only one dolomite near this horizon. :

The writer ohserved only two dolomite ledges, such as are quite
well exposed on the hill hetween Watonga and Geary previously men-
tioned, about six miles south of Watonga.  In this paper they will be
called the upper and lower Greenficld dolomite respectively, I'he
lower ledge doubtless represents Putnam’s twin dolomites,

The upper member is not very well exposed, hut is probably 6
inches thick. Tt is a light pink, banded rock. rather widely spaced
pink bands alternating with mottled pink and white ones.

This rock is a very pure dolomite except for an appreciable amount
of quartz sand, quite well rounded and sorted in one specimen, grains
averaging about 0.15 mm. in diameter, but in another appears to he an-
gular with grains from 0.05 to 0.16 mm. A little very fresh and an-
gular microcline and plagioclase were ohserved. In thin section the
red color is observed to he due to iron oxide which follows the dis-
tribution of the sand, adhering closely to the grains for the most part.

TE 103
TIIE GREENFIELD DOLOMITE

i sidue.
A composite sample of this rock gave 5.8 per cent 1.1150(}@1)11;:656?1(; e
The dolomite grains are uniformly about .l3Dmm. in dia )
many of them are subhedral, as in plate X111, D.

About 22 feet below the top member is a n_mcl]l lmcl))re (11);3111])11232:
: i i ito noticeably ban
16 inches thick. Lt weathers i1 :
Sx:}leic?lb(z)lll}; not very different on fresh surfaces from the upper mem
ber. Plate 111, fig. 3, shows a typical outcrop.

i ins ver
This member is even purer than the upper one as it conta y

: S ch i
little quartz. It is various shades of delicate pink in color, which i

partly responsible for the banded appearance, also brought out by ar-

rangement ()l 1 1¢S. ll'l ” 11 ecll ll avities appeat to occur
1on the ca ¢ o 1)1 a
d é(, cavit 1 se 0

along laminae of coarser grain than the 1'es(t),0§al)(mt Q'Osli'tl?ngt.is 111,111‘11.]22
iner i -ains from 0.03 to 0.08 mm. i diz .

the finer parts having grams

grains have no marked tendency to be subhedral.

i . A
"This rock is very hard and small parts of it are vefr);li_l(fntzelm\vc
piece of uniform, very fine grained, pink dolomite was to
a specific gravity of 2.79.
¥ g i i g r near the above
Shead™ gives an analysis of dolomite fxOIR at 180 dotuht e avove
locality and one from a few miles farther S(?l} . o oty o
from the lower member. The thicknesses given are gred
observed by the writer,

Analyses of Greenficld Dolomite, Blaine County

A 13
.88 1.82
Si0y .. 0.00
AlyOy 0.05 1.35
Fes0g ' o008
FcO 20.08  25.28
MgO 3196  23.79
CaO . 0.16 1.82
11,0 - 14572 46.26
COg s 0.00 ..
TROG e 0.59
P05 . T traee
MMO .

Organic

100.03  100.32

T v is 18 inches to 2
fect j\l.li}:i\‘;.cléIdi:cl\p{ly%ihé.ltl)?gal:'ll.'gfnluzez :\\v.o 1i:c(-:‘xi]s). Analyst, A. C.
Shead Gt Y ed CHiller o miles NY. of Geary. Bed is 3
feet ;;‘hl(;k. First published by Gould (1905, p. 59). '
On recalculating the above analyses, it glppeails tlhatttl;esflresrt coel:li
is about 92 per cent theoretically pure dolomite anc a)oue d.iffli)cu]t n
calcite. An interpretation of the second analysis is mor ,

it contains an unusually large percentage of magnesia.

86. Op. cit.,, p. 75, nos. 63 and 64.
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At the NW. cor. sec. 2, I, 14 N, R. 12 W,, a very hard and some-
what brittle ledge, at least 15 inches thick was observed, no doubt
the lower Greenfield dolomite. It is finely banded, pink and white.

A specimen is light pink with some very thin, fairly parallel red-
dish laminae. It is medium-grained, somewhat porous, contains no cal-

cite and only a small percentage of fine insoluble matter, red iron ox-
ide or silt with some quartz.

SUMMARY

The dolomite ledges occurring in Blaine County, west of Green-
field and between Watonga and Geary, were regarded as Day Creek
until 1924, when they were shown to be within the lower half of the
Whitehorse sandstone. ‘T'wo ledges are found in some places. They
may be called the upper and lower Greenfield dolomite, respectively.

The upper ledge is not prominent, being only 6 inches thick. It
is rather fine grained, handed, pink dolomite with about 6 per cent sand,
the grains being as large as 0.16 mm. in diameter.

About 22 feet helow the upper member is the lower Greenfield
dolomite. It is about 16 inches thick and not dissimilar to the upper
ledge, but contains very little quartz. Calcite is very uncommon in
either of the Greenfield dolomites.

DOLOMITES OF THE WEATHERFORD DISTRICT
INTRODUCTION

Particular interest was aroused with regard to the stratigraphy of
the Weatherford district in 1926-27 by the reported possibility of fa-
vorable structure for the accumulation of oil.  As a result, a’ number
of geologists have done very detailed work there and the district has
been shown to be much more complex than was formerly realized.
The conclusions of Iivans have heen previously mentioned (see p. 85).
His paper, with the subsequent remarks by Schweer, appears to be the
only recent information we have about the district.

The writer visited a number of interesting localities near Weath-
erford, enough to realize the complexity of the problem. “The infor-
mation obtained will be given along with a review and discussion of
previous work. “The writer’s very limited acquaintance with the dis-
trict compared with that of others who have worked there precludes
drawing any very general conclusions, but considerable information

has heen gained ‘with respect to the character of the dolomites pre-
viously referred to. »

OCCURRENCE OF DOLOMITE

Figure 10 shows a map of the Weatherford district as given the
writer by Putnam, with only a few minor changes. It will be noted
that dolomite forms an escarpment south of Weatherford in T. 12 N.,
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R. 14 W., which continues, very much embayed, across the next town-
ship to the south and on to a point northwest of Colony. Other out-
crops may be found south of Colony and also southeast of Cloud Chief,
north of the Washita River.,

East of the main escarpment is a large number of buttes capped
with dolomite, not less than 50 of them having been mapped, mostly in
Caddo County.

Other dolomites have been located north of Thomas, and also
south of Thomas and southeast of Custer City.

Our understanding of the dolomites south of Weatherford in 1924,
may e gathered from the following description of the Day Creek by
Gould™, all dolomites at that time being regarded as one formation.

* * % In thickness it varies up to 5 fect, or oceasionally there
are two distinct ledges of dolomite 2 to 4 feet thick cach, separated
by red shales. In color the dolomite is usually white, sometimes
pinkish.

Ju the region under diseussion, the wmost conspicuous expos-
ures of the Day Creek dotomite ave on the Caddo County huttes,
located in northern Caddo County, chiefly along the divide be-
tween Washita and South Canadinn rivers. These buttes. more
than a seore in number, are formed of Whitehorse sandstone
capped with Day Creek dolomite. The formation is also found in
the hills near Weatherford, where it marks the houndary hetween
the Whitehorse and the Cloud Chicf. Farther southwest in south-
ern Washita County, the Day Crecl is absent, or at hest is repre-

sented by an inconspicuous dolomite zone at the top of the White-
horse.

STRATIGRAPHY AND PREVIOUS DESCRIPTION OF DOLOMITES

Figure 11 shows a sketch map of the Weatherford district as given
by Lvans™ It will be noticed that the dolomite concerned here is di-
vided into two members, as previously intimated, the Day Creek and
the Quartermaster dolomites, the latter found capping the Caddo
County buttes.

The stratigraphy of the district as interpreted by Evans is shown
in fig. 12, Tn this part it will not be necessary to deal with any beds
below the Day Creek.

The Day Creck is described by Iivans as follows:

The Day Creek dolomite is typieally a hard, light gray dol-
omite with a maximum thickness of 3 fect, but in most places
approximately 1 foot thick, Tt is commonly laminated or handed
and in places the lamination planes are distorted or folded, re-
sembling fossil wood. '"The contact with the Whitchorse is Tegu-
lar and is conformable to beds that arc 40 feet below * * *.

86. Op. cit., p. 336,
37. Evans, Nocl,—-Stratigraphy of the Weatherford area, Oklahoma: Bull: Am.
Assoc. Pet. Geol, vol. 12, no. 7, p. 7 928
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TFrom the town of Weatherford west and northwest the Day
Creek lorizon is represented by a gypsum bed ranging from 3
to 10 fect in thickness * * *.” The bed is well exposed on the
main highway at the northeast corner of Weatherford.

Sandstone in position, and below the massive Cloud Chief
gypsum ocewrs above the Day Creek dolomite. This sandstone
is, apparently, the Whitehorse. At Weatherford this sandstone
containg some gypsum lentils and occupics a zone of about 60 feet
between the Day Creek lhorvizon and the massive Cloud Chief
gypsum * * * ¥

The fact that sandstone ocenrs ahove the dolomite may cause
some geologists to question the identity of this dolomite with the
Day Creek. However, this condition proves that the bhed occupies
a true stratigraphical position at or near the top of the latest
Whitchorse. The writer holds the opinion that the dolomite here
deseribed is the truc Day Creeck.

Quartermasler Formation
150°#

uarlermaster Dolomile 5'¢

Cloud Chief Gypsum 100t

Practically all of Fvars’ comment on the Quartcrmaster is im-
portant to a study of the dolomite of this district. His remarks are
quoted as bricfly as possible.

Red 1o Buff Sandslone wilh

Gypsum lenlils 20°'-60'
2 eck Do ite f-

The Quartermaster formation consists of about 150 feet of
red sandstones and shales * * *. This forniation presents a real
problem in this arca. It i3 unconformable over the lower heds,
in some places resting directly on Whitehorse samdstone, and in
other places oceurring at higher elevations than the Cloud Chief
gypsum.

In the SW.14, see. 20, T. Il N, R 14 W, the Quarter-
master rests dircetly on the Day Creck dolomite * * *.

Quartermaster bheds oceur in see. 5, T. 9 N, R. 13 W. 1lere
they rest direetly and unconformably on the Whitchorse sand-
stone and the unconformity is easily scen along the contact. Im-
mediately above this contact is a dolomite that, to some extent,

Upper Whitehorse Sandstone
Joo's

}12'_*

Lower
—Crecnficld Dolomie| yp ;e -

resembles the Day Creek. At about the same horizon as the horse
dolomite there oceurs in places a zone of purple slaty beds about ﬁtond;;ane
= 120"

2 feet in thickness ® * * well developed in some places although
entirely absent only a few yards away. Just above the dolomite
oceurs irregularly a variable thickness of a peculiar, pinkish,
conglomeratic bed, which is ealenrcous and probably dolomitie.
In other places * * * this pinkish formation attaing as much as
15 feet in thickness, The presence of unmistakable Quartermas-

Dog Creek Shale

ter rocks occurring only a few feet above this dolomite, and the GEOLOGIC SECTION
unconformity at its hase, constitute the cvidence for correlating
this dolomite with the (én:n-termaster rather than with the Day WEATHERFORD AREA
Creek, ) OKLAHOMA

About a quarter of a mile south of the northwest corner of .
sce. 36, T. 11 N, R. 14 W, is another place where typical LEGEND
Quartermaster heds oceur. Near the southeast corner of this same Shale I Dolomize
section can be found a more or less irregular contaet at the top Sandslone [BFH Gypsum

of the Whitehorse sandstone. The heds above this contact con-
sist of about 15 feet of gray to pinkish, hard dolomite, which looks . . . X .
very much like ordinary limestone, 1t differs greatly within short Figure 12. Scetion showing the stratigraphy of the Weatherford distriet
distanees, and in places contrins much ecaleite and is conglom- (Evans, 1928, p. 708).
eratic * * *.  Other buttes north of this exposure are capped by
the same dolomite.
In see, 16, T. 11 N, R. 14 W, are two prominent beds. The
lower bed is the Day Creek dolomite and the upper is an irreg-
ular bed ocewrring at an intervial above the Day Creek dolomite.
This interval ranges from 6 to 58 feet in thickness in a little
more than a quarter of a mile * * * Tho pinkish, conglomeratic,
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limy formation, which oceurs above the Quartermaster dolomite
in see. 5, T. 9 N., Range 13 W, lics above this contact. This same
condition cxists in the W.i& N1 see. 28, 1. 11 N, R, 14 W,

Near the south quarter corner of see. 14, T. 11 N, R. 14 W,
is an outlier, composed of strata which must belong to this same
irregular formation, which the writer refers to the Quartermaster.
Here oceur 20 feet or more of irregular sandstone and limy sand-
stone beds. The dips are high and the contact at the buase is so
irregular that there ean be little doubt of an unconformity.
Whitehorse sandstone, or sandstone belonging to the zone be-
tween the Day Creek aund the Cloud Chief, underlics this con?
tact. A thin dolomitic stringer, 50 or 60 fect below the dontact,
may represent the Day Creek. On the south side of this outlier,
along the north side of sce. 23, occurs a conglomerate bed with
boulders as large as o man’s fist * * * only a few feet above the
contacet. i

Just north of the east quarter corner of sce. 35, T. 12 N, R. 13
W., is a butle capped by a dolomite bed. 1llere the scetion ox-
posed is, from the top down:

1. A variable thickness of a pinkish, conglomeratic,
dolomitic bed containing geodes. ‘

About 5 feet of hard, light gray dolomite.

Thinly laminated, reddish sandstone, 4 feet thick,

grading to purplish and slaty at the top. This

formation differs locally and its contact with the

underlying Whitchorse is somewhat irregular,

4. Whilchorse sandstone. The upper part of the

Whitehorse here is hard and slightly limy. About
40 feet of the Whitchorse is exposed.

The writer wishes to call particular attention to the pinkish,
dolomitic bed and the purplish, slaty beds exposed here, and
the same type of beds oceurring similarly in see. 5, T. 9 N,
R. 13 W., which the writer calls Quartermaster.

kel

Evans concluded, then, that the Quartermaster dolomite is very dif-
ferent from the Day Creek of this district and occurs near the base of
the Quartermaster formation which rests directly and unconformably
on Whitehorse, Day Creek, and Cloud Chief.

In a discussion of the paper by Lvans, II. 7. Schweer™ gives some
additional points, chiefly in support of an eastward lensing-out of the
Day Creek as the Quartermaster “breccia-conglomerate” hecomes more
prominent. ‘Yhe “thin dolomitic stringer” mentioned by Iivans, is
thought to be about the easternmost appearance of the Day Creek.
Probably another occurrence is a friable greenish gray layer from 1%
to 2 inches thick, found in sec. 11, I, 11 N, R, 14 W. While Evans
attributes the difference in interval between Day Creek and Quarter-
master wholly to unconformity, Schweer thinks part of it may be due
to slumping of the upper dolomite. :

Three distinct dolomite strata of uncertain correlation are men-
tioned occurring near the center of sec. 36, 'I'. 12 N, R. 14 W. The
top one appears to be the equivalent of a well-laminated dolomite at or
near the base of Evans’ Quartermaster conglomerate. Twenty-four

88. Geologist, Shell Pet. Corp.
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feet under this is another about 6 inches thick and a third is 23 feet
farther down in the section. All three macroscopically resemble the
Day Creek. Tt has been suggested” that the near basal Quartermaster
conglomerate is the result of re-worked Cloud Chief gypsum.

SUMMARY OF PREVIOUS WORK

It is evident from the results published by Evans and Schweer
that in the district south and southeast of Weatherford there are at
least two dolomite horizons where there was formerly thought to be
only one. The lower dolomite is thought to be true Day Creek and
to oceur in the Whitehorse about 60 feet below its top in some places.
However, the latter points do not appear to be accepted by all those who
have worked in this field. Tt is generally held that this dolomite is rep-
resented by a gypsum ledge northeast of the town of Weatherford.
The upper dolomite, occurring at or near the base of the Quartermaster
is quite different in character and thickness and is found aluost ex-
clusively east of the main body of the Day Creek, and in very few
places does it actvally occur above it. It is thought that the Day
Creek thins rapidly to the east. The nature and origin of the “con-
glomerate”, or “breccia-conglomerate” of Schweer, is little understood.

DESCRIPTION OF DOLOMITES

. Having reviewed the previous work on the dolomites of this dis-
trict, the writer will here give his observations with particular refer-
ence to their nature and composition.

Tl_le ore locality where Cloud Chief gypsums have been found al-
most directly above the Day Creek” is about the NE. cor. sec. 19, T. 11
N, R. 14 W. The dolomite there is as much as 13 inches thick.
Over 60 feet of red sandstone and soil are exposed in the creek valley
directly below the ledge and at least 18 feet of red sandstone occur
above it also. The gypsum appears 20 to 25 feet above the ledge, at
least 40 feet of it being exposed on the gentle slope west of the dolo-
mite outcrop.

A specimen representing the ahove ledge is rather heterogeneous,
predominantly light reddish pink with rather thin, closely spaced lami-
rations, which are somewhat wavy. Small black spots and patches
occur, also a coarsely crystalline white mineral as streaks parallel to the
bedding. The pink material is about 20 per cent calcite as fine specks.

/_\ thin section sl}mws the rock to be composed of dolomite. calcite.
celestite and quartz. The celestite probably composes 20 per cent of the

33 L\Y R. L':WGT andiHﬂstings Moore.
- As previously intimated, some geologists doubt whether the true Dayv
occurs In this district. The writer is of the opinion that it has hoErs'?!}:
}Lede;ep;-over;i 131t tatutihe s:}me time thirks it better to continue ralling the
described a 1is point Day Creek until i itely ‘n
to be at a different horizon. t has been definitely shown
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rock, and occurs as large blocky crystals, many with rectangular cleav-
age, as well as smaller particles. It is very definitely replaced by the
dolomite, as shown in Plate XIV, 4 and B. ‘I'he calcite occurs as small
irregular patches throughout the dolomite. Its relation to the dolo-
mite is not certain, but it seems quite probable that it is earlier. Some
of the quartz is euhedral.

It has not been determined whether this occurrence of celestite is
local or widespread. [t may prove to be more or less typical of the
Day Creek in this district.

About 14 mile to the east, a ledge occurs in the road, 6 inches be-
ing prominent, very platy, coarsely banded in shades of pinkish-gray.
The weathered parts have large numbers of black dendrites.

A rather typical specimen shows a “knot” in the bands, an eye-
shaped mass about 2 inches long and 1 inch wide. As nearly as the
writer could make out, it has been caused hy a compression of some
of the laminae and shows no sign of introduction of any material, or
growth of crystals. No faulting of the laminae was visible and the
movement scems to have preceded consolidation.  The carbonate is
largely calcite, seemingly as an impregnation of all grains. Black
dendrites are very numerous.  [However, the carbonate outside the knot
does not appear to he over 15 per cent caleite. The insoluble part of
this rock is ill-sorted, sub-angular to rounded sand grains from 0.15
mm. in diameter to very small, largely quartz but other minerals are
present also.

In the SW. V4 sec. 16, I'. 11 N., R. 14 W, the Day Creek is also
ahout 1 foot thick, very platy and banded. A very fresh, fine-grained,
dense specimen is reddish-pink, thinly handed and appears to be 8 to 10
per cent calcite as parts of some grains. ‘The insoluble part is very
small, quartz grains about 0.08 mm. in diameter.

Alout 25 to 40 feet above the dolomite just mentioned is a second
member, probably not over 2 feet thick. It is no doubt the Quarter-
master dolomite.

In the SI. cor. sec. 5, 'I', 11 N, R, 14 W_, a good exposure of the
Day Creek may be seen. It varies greatly in thickness within a few
feet, from 10 to 18 inches in 3 or 4 {feet being a comumon variation,

The top in particular is uneven, and does rot appear to he due to weath- -

ering, being covered by red sandstone. Very irregular banding is
characteristic, and some large “knots’ occur a foot or more across.

About 14 feet above the Day Creek at this point is a red carbonate
ledge, at least 32 inches thick in one place, mostly sandy with much
white calcite as druses and veins between laminae, lenses and irregu-
lar masses of the main rock. It probably does not contain dolomite.
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A little farther north, just south of the middle of the east side
of section 5, the two ledges also appear, the tops 15 to 16 feet apart.

The upper calcitic member, about 30 inches thick, may also he
seen about 14 mile farther north, but the Day Creek appears to be
absent. A very thin sandy carbonate layer occurs in the creek bottom
about 50 feet below.

About 1.3 miles south of Weatherford, hetween secs. 19 and 20,
the Day Creek occurs in the road as a hard ledge, 6 to 9 inches thick
and very porous. In this part of the district the rocks are chiefly ex-
posed in the creek valleys or bottoms.

The exposures near Colony are poor, on the whole, occurring on
buttes or bluffs of low relief. However, in the NW. cor. sec. 5, T
10 N, R. 14 W, the Day Creek occurs showing a sharp contact above
and below with red sandstone. Itis at least 1 foot thick, fine-
grained and brittle. It is rather irregularly banded, the laminae show-
mng contortions.

A typical specimen is entirelv dolomite except for ahout 20 per
cent, possibly, of fine sand ahout 0.08 mm. in diameter. TIn thin section
the dolomite occurs as irregular interlocking grains, about 0.15 mm.
across and smaller but has a much finer granular texture possibly due
to cleavage.

A more massive, faint reddish pink specimen, from what appeared
to be the top of the ledge, is quite similar to the above, very dense and
fine grained. It shows some 3 to 5 thin, closely spaced laminations
parallel to joint planes, evidently due to weathering bhut in no way dif-
ferent from many which are parallel to hedding planes. However, if
weathering were the cause of any appreciable amount of banding, defi-
nite cases of the phenomenon would undoubtedly be more common.

In its purity, fineness of grain, and lack of porosity this dolomite
is so different from that south of Weatherford that one is inclined
to doubt if they are at the same horizon.

Hoivever, other occurrences of “dolomite” west and south of
Colony are very different from the typical Day Creek also. Some
light red carbonate blocks found in the road 1.3 miles west of Colony
are distinctly fragmental in nature. Fragments of various sizes, some
more than an inch across, are irregularly placed in and cut by a matrix
of similar material. Some of the fragments are angular, some rounded
and some are distinctly banded pink and red. The rock seems entirely
calcite detrital quartz and red silt.

About CSL. sec. 34, T. 9 N., R. 15 W., east of the Washita River,
a red carbonate ledge at least 30 inches thick may be found. DMuch of
it is veined by more or less coarsely crystalline calcite, in places form-
ing a sort of vein breccia, angular blocks of the red rock being entire-
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ly surrounded by radiating, columnar, white calcite, with crystals as
long as 2 inches. ‘I'he calcite was also noticed as more or less crusti-
fied bands roughly parallel to the bedding.

The inclosed red rock appears to be largely calcite with some fine
sand about 0.05 mm. in diameter. However, a thin section shows cal-
cite as ninute patches of more or less eqqual size (about 0.06 mm. in
diameter), separated by a very thin, clear, network of dolomite, dis-
cernible with difficulty, which appears to lead into small nests of clear
dolomite of several erystals each,  TI'his is plainly shown in Plate XIV,
C, and appears to indicate that calcite has heen partially replaced by
dolomite. The amount of dolomite in the ledge as a whole is very
small, however.

A ledge of very similar appearance to the ahove, with coarse cal-
cite veinings, was examined along the east side of sec. 14, 'I'. 11 N.,
R. 14 W. However, no dolomite was detected in any part of this rock.

The coarse calcite in these rocks seems to have formed by replace-
ment as well as simple vein formation.  This is shown along the inner
borders of somic of the more definjte masses, and by remmants of
original red rock which appear scattered through a matrix of quite
coarsely crystalline calcite, apparently an extreme case of the process.

Caleitic red carhonate ledges, pseudo-brecciated by numerous
coarse calcite veins, are not uncommon in the Weatherford district and
need to be investigated further. Some may be equivalent to the up-

per Quartermaster dolomite, while others appear to represent the Day
Creek horizon.

About 1.4 miles cast of Rocky a weathered calcitic member ap-
pears which looks much like the Dav Creek.  On the whole it is rather
medium grained, pinkish-gray with minute black specks, but fine-

grained, light-red layers are preseut. 1t appears to contain a small
amount of dolomite.

It may be mentioned here that Gouin™ has found the “Day Creek”
in southeastern Reckham County as a thin ledge of dolomite at the base
of 100 fect of Cloud Chicf. Tt scems doubtful if this can be definitely
correlated with that south of Weatherford,

The Quartermaster dolomite is exceptionally well exposed in the
CSL. sec. 25, T. 12 N, R. 13 WW. Tt is at least G fect thick and may
be a foot or two more. ‘I'he hed rests on red sandstone,  T'he lowest
17 inches are platy and banded, probably the equivalent of Fvans’ “pur-
ple shale”.  There is a very sharp division between these and the becs
above which have a brecciated appearance, the fragments arranged in ir-
regular wavy bands. At one place the lower part shows flow struc-

91. Gouln, Frank, Geology of Beckham County: Oklahoma Geol. ‘Survey, Bull, 40-
M, p. 9, 1927. .
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‘ture, the base being perfectly flat while the upper laminae are budfl!fd
‘without showing any sign of fracture, as shown in pl. 111, fig. 4. b]e
-movement has evidently extended into the upper part of the member

; to stand on edge in
also. On top of the butte the upper beds seem e
places, givingl_the_ effect of highly tilted strata, although they are very
flat along the side of the butte. Such local disturbance has heen noted
in many places and appears to be due to movement previous to con-
solidation.

A banded, pinkish-red block from the lower part_of\ the é‘l()[m.u}lie_
shows very interesting markings on the weathered surface. Olmvl;‘ ,
most certainly are the imprints of brachiopods. ()thcrsi 10.91(‘ somﬁ\\ ] il
like rain-prints. Some elongated cavities in the rock are very pro )a))t
fossil casts. Some show very fine indentations, evidently the cast o
the outer shell structure. T'hescontaining rock has a ll]t?]e c.aluie'lln
cavities, but the dense parts are quite pure dolomite. _l he ‘1’11_50 ll)(ci
part of one sample was 3.3 per cent, mostly angular quartz grains an
iron oxide. A concentration of heavy minerals with bromoform
showed considerable tourmatine, probably rutile and zircon as well as
other minerals not recognized.

*An analysis of the type of Quartermaster dolomite described above
follows:
Per cent

___________ 27T
GO et n e e annanes 17.40
DEO et 475
1“(‘-_.'()3 A1203 eeeeerr—— . 377
8102 oo 3.

A thin section of this rock shows fine banding, due to sand grains
‘as:large as 0.1 mm. in diameter and distinctly angular. "The dolomite
-is very fine grained (0.03 mm.) and shows no sign of recrystalllzatlo.n
or replacement, (see Plate X1V, D).

A good exposure of the Quzu‘termaste}"(lolmnite occurs c;n ;lll)llef
-facing northwest in the N\V. cor. sec. 21, T. 11 N,, R. 13 W o n Imze'
‘place it is over 6 feet thick. It is in quite sharp contact with platy
sandstote below and cross-bedded sandstore is on the slopes an(% in
the bed of the creek: Red sandstone also occurs above the membet.
The dolomite on the whole is roughly banded and red or pinkish in
color.

A specimen from a platy, almost fissile hlock has thixll, _defimt.e
.bands, very straight and parallel, red, pink and gray in CF 011._ Gt 1;
a pure dolomite with grains over 0.5 mm. in (lxalll‘eter, interloc (11_1(T :1;11 '
‘showing prominent cleavage in thin section. lhel quartz, e(\;l .ell)] u}t
_responsible for the banding, is angular, quite 'welr sized and abo
.0.05 mm. in diameter. Coarse calcite occurs in some specimens as

streaks or gasheés.
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A specimen more typical of the whole ledge is fine-grained, mas-
sive, red dolomite with numerous cavities partly or wholly filled with
calcite. The sand grains are under 0.08 mm. in diameter, mostly sub-
angular, and have a heavy red coating.

A rather unusual type from the actual base of the section is
medium- to’ coarse-grained, white or pinkish white, massive, rather
porous and hard. It is very pure dolomite. The insoluble residue
does not appear to be detrital and consists of clear quartz as indis-
stinct masses and groups of crystals, and some euhedral doubly termi-
nated ones measuring 0.25 to 0.06 mm. across.

Some light on the character of the brecciated dolomite was obtain-
ed from blocks on top of a low ridge about the middle of the north side
of sec. 23, T. 11 N., R. 13 W., near the eastern limit of the dolomite

outcrops. There appears to be no evidence that the ledge was over 2
feet thick at this point,

A typical specimen from this ledge is shown in plate 1V, fig. 4.
Light reddish pink dolomite lenses and fragments are rather thickly
distributed in a dark red matrix, also dolomite. On the whole they
are very much elongated parallel to the bedding. Some are 3 inches
long and one-quarter to one-eighth inch thick. Some of the large
pieces are definitely cut by very thin stringers of the matrix, both paral-
lel and at right angles to their elongation. The closely parallel position
of many of the fragments indicate that they were originally one piece,
and it may be that some of the thin stringers parallel to their long
axes are original laminae. In addition to the larger, more definite
patches there are many smaller ones of the same nature down to ones
hardly visible on a polished surface. ‘I'he fragments of all sizes com-
monly feather out at the ends into the groundmass. The structure in

this rock is strongly suggestive of flowage, as seen, for instance, in cer-
tain metamorphic rocks.

A thin section shows a band of pure white dolomite, and a band
of red with numerous long stringers and specks of white dolomite
more or less parallel to the contact. Both red and white dolomite
contain fine angular quartz sand (grains under 0.1 mm. in diameter),
but it is several times more abundant in the red. The white dolo-
mite grains are about 0.08 mm. across and smaller,

Another type from the above locality shows more blocky in-
dividuals, mostly banded on a weathered surface, which have certain-
ly been corroded or partly replaced by the containing rock. Plate IV,
fig. 6 shows a piece ahout an inch ‘square, which may in itself be
composite in nature, having one corner eaten out leaving a delicate
hook-shaped filament projecting into the groundmass. Plate IV, fig.
1 shows a somewhat similar piece with a thin stringer of red penetrat-
ing toward its center from a very finely corroded edge. '
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Plate 1V, fig. 2, represents an unusual case in which fragments
can still be identified as from the same bed by thin purple laminae.
Apparently they have not been displaced more than an inch or two
yet show no evidence of ever having fitted together.

A somewhat different type from any of the above is shown in
plate 1V, fig. 3. Although closely related to the breccias, definitely
bounded fragments are not noticeable and the structure is indefinite
and complex on the whole. A wavy boundary across theA_ceuter of
the specimen appears to represent a bedding plane. Along the lower
side may be seen structures which plainly indicate movement and
brecciation within the bed. A thin section does not show two distinct
types, but only thin red streaks in a fine-grained dolomite (0.05 mm.).
In this type it seems quite evident that the structures are due to flow-
age, probably moderate, in a rather plastic rock which had no definite
laminae or any part brittle enough to form angular fragments as in
other specimens.

In one place at the last named locality the beds seemed to be
actually folded, one limb being almost verthal and the other, a few
feet away, being at about 45 degrees. It did not appear to be due
to recent slumping,

In the SW. 4 sec. 36, T. 12 N, R. 13 W,, the clastic struc-
ture is remarkably prominent. A fine, irregular, contorted l)an(’h‘ng
not like any previously seen was ohserved m one small spot. l'he
rock is a fine grained, light-pink dolomite with thin red laminae having
a complex structure. A polished surface shows considerable fractunflg
and faulting yet the fragments appear much the same as those pre-
viously described.

About V4-mile north of the above logality over 4 feet of handed
dolomite is exposed resting on finely laminated, red, sandy shale, ap-
parently grading into it. Local disorder of the beds may be ob-
served here also. The beds are quite flat only a few feet away.

The general appearance of the buttes near the vicinity mentioned
above is shown in plate VI. The eastern outcrops of the Quarter-
master dolomite form the caps of such buttes as these.

From about the NI. cor. sec. 7, T. 10 N, R. 13 W, two types
of dolomite were obtained. One is a 1.ne(11um:gramed light reddish
pink dolomite with thin straight laminations. The other is the clastic
dolomite similar to others described. Iragments are distinctly em-
bayed by the groundmass in some cases and feather out into delicate
filaments in others. giving many of the _fragnlle‘nts an irregular out-
line wholly impossible if they were detrital. “The parallelism of the
long axes is noticeable.

The fragments are quite pure dolomite with Jess than 5 per cent
angular quartz. The red matrix, however, contains possibly 50 per
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cent insoluble matter, round quartz grains about 0.35 to 0.5 mm. in
diameter and sub-angular to angular fragments, .20 mm. across and
smaller.  Plate XV, 21 shows a thin red sandy band between pink dolo-
mite bands and also one of the rounded pink fragments which it in-
cludes, evidently the same material as that on cither side. The dolomite
grains in the pink are quite euhedral, about 0.15 mm. in long diameter.
‘L'he dolomite in the red part is not markedly different.

At the CWL. scc. 7, I 11 N., R. 13 \V,, is a red sandstone butte
about 00 feet high capped by at least 45 inches of dolomite. A few inch-
es on top is very brittle and platy with fine parallel reddish-pink bands.
It contains no calcite. In thin section the dolomite grains average
roughly 0.25 mm. in diameter, are rather cloudy, subledral to eu-
hedral and show prominent cleavage. I'he remainder of the ledge is
rather massive, porous red and white mottled rock. A fresh specimen
is fine-grained, dark red, with irregular cavities, some lined with cal-
cite. The rock is mostly dolomite, both red and white grains, with
about 5 per cent of fine saud.

In the NWV. cor. sec. 22, 'I'. 11 N, R. 14 W., a weathered and
slumped carbonate ledge was noted, apparently Quartermaster, al-
though it contains much calcite. It is at least 3 feet thick and pos-
sibly more. The breeciated phase appears to be present in some spots.

A typical fresh specimen is quite massive, very uniform, fairly fine
grained, reddish-pink rock. It appears to be nearly 75 per cent cal-
cite. In thin section considerable dolomite appears as smalt specks
and irregularly shaped residue in the calcite.  Some of it occurs as
rhombic or subrbombic sections, many of which are partly replaced

by calcite. The dolomite is clear but the calcite is in indefinite turbid
grains.

If the Quartermaster dolomite has been altered to calcite in the
western part of this district, its absence above the IDay Creck in most
places can be readily explained. Weathering would  readily renove
such rock and some of the caleitic ledges found, above the Day Creek
in places, may be the direct equivalent of the Quartermaster.

The outerop which shows the conglomerate described by Iivans
(sce p. 110) was exammined in some detail. In one place a carbonate
member, 5 to 6 fect thick occurs, unilormly pink and white, the pink
as angular, spongy spots, the whitc forming a matrix. However,

the ledge on the whole is very irregular and appears to grade into
sandstone in part.

In one spot only the hase of the member resembles a conglonerate,
1 to 3 feet thick. Pieces of carbonate from small fragments up to
“boulders” 114 feet in diameter oceur and also some blocks of banded
sandstone. However, individuals are commonly angular and any round-
ness they possess appears to be due fo solution. T'he carbonate is
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exactly the same as that of the ledge directly above, which is quite
uniform. Moreover, the latter shows distinct evidence of having been
broken into angular blocks, probably averaging 6 inches across, which
were later recemented, after slumping somewhat. Cavities still re-
main between some of the blocks, lined by crystal druses. In gen-
eral, the writer is not convinced that this occurrence is a true con-
glomerate but is inclined to think it is some form of breccia. Several
specimens of the carbonate were examined but in only one was any
dolomite found and that in a thin section. The white appears to be
wholly calcite. The pink fragments, however, may contain a little
dolomite.

About 10 feet below the hase of the carbonate ledge is a lens in
the sandstone, about 10 to 20 feet wide and 2 feet thick, which ap-
pears to be a former stream channel. It contains many carbonate
fragments similar to those described above. most,l\" angular, but some
are quite flat. Sandstone fragments also occur. The sandstone above
this lens is very irregular, the laminae curiously broken and twisted.
T'here appears to be good evidence of an unconfomity here even if
the material at the base of the carbonate is not a true conglomerate.

The writer also examined the three dolomites mentioned by
Schweer (see p. 110). “I'hey occur on the south side of a rounded hill
just south of the center of sec. 36, T. 12 N., R. 14 W.

Capping the hill is a dolomite member at least 14 inches thick. A
particularly fresh specimen from the top is exceedingly fine grained,
massive, dark-red, brittle with sub-conchoidal fracture. The rock 1is
entirely dolomite except for a considerable amount of fine sand, mostly
under 0.05 mm. in diameter. but some is as large as 0.15 mm. Some
banding is brought out by thin dark streaks.

A less fresh specimen is lighter red in color and ‘dislinctl_v
banded, the layers parallel and about 2 to -5 mm. thick. The band-
ing is made more prominent by the leaching of some of the bz\m.ds
which also brings out a peculiar structure in many of them. Thin,
closely spaced, parallel plates are set at a high angle to the bedding.
They are very uniform in a number of laminae and always quite par-
allel to cach other. T'hey may possibly be the result of slight shearing
or flow hetween the beds hefore complete consolidation. There is little
doubt that this rock is the Quartermaster dolomite.

About 18 to 20 feet below is a rather irregular dolomitic sand-
stone varying in thickness but averaging ahout 6 inches. It is fairly
massive but has white carbonate streaks and cavity linings. It appears
to grade into ordinary sandstone. Fresh specimens are about 50 per
cent fine, red-coated, sand grains averaging about 0.01 mm.

The third dolomite, over 20 fect farther down, is not very prom-
inent and varies in thickness, probably from 2 to 6 inches. It is char-
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acterized by sub-colloform, gray dolomite crusts, several millimeters
thick, which are quite numerous in places. T'hey occur in a red dol-
omitic sandstone, in places as crustified veins parallel to the bedding,
having indefinite walls but occasionally a very definite medium plane.
They may completely surround a block or small piece of the red rock,
which is commonly very indefinite in outline. Plate XV, B, shows
part of one of these crusts in thin section. ‘The dolomite is truly fi-
brous, and resembled chalcedony in many ways. Some of the gray
dolomite is more massive and shows, in places, small curved crystal
surfaces. It also appears to be later than the red dolomite.

The red rock conlains a rather large amount of sand, probably
over 50 per cent angular quartz grains up to 0.15 mm. in diameter.
The dolomite cement is fine-grained and brownish. A remarkable
feature is the occurrence of nests of large dolomite rhombs as well
as isolated crystals, ncarly all of which show an indefinite rim, in
some cases retaining the cleavage, as shown in Plate XV, C. Some
are 1%y mm. in long diameter.

The sub-colloform dolomite must have formed at a distinctly
later period than the cement for the sandstone which may be original.
It is not plain why the edges of the large crvstals in the sandstone have
been replaced or re-crystallized. The solutions which have deposited
the dolomite crusts may have been responsible.

Below the crustified material is a compact’ dolomitic sandstone
of variable thickness, averaging about 1 foot. Tt is light-red, massive,
with a little coarse calcite.  The insoluble part consists of red-coated
quartz grains roughly 0.06 to 0.2 mm. in diameter and fine red silt.

Below the member described above is about 40 feet of strongly
cross-hedded, dark-red sandstone. ‘I'his stops abruptly and is in con-
tact with quite regularly handed sandstone at least 35 feet thick.

It is a question whether ecither of the two dolomitic horizons
last described represents the Day Creek. Certainly neither of them looks
like it lithologically.

In the SE. cor. sec. 28, 1. 10 N., R. 14 W., south of Colony,
is a poor exposure of red “dolomite” nearly 3 feet thick. Thin white
carhonate veinlets inlersect the whole. 'The fresh material is dark-
red, medium- to fine-grained and massive. “I'his rock is 50 to 75 per
cent quartz sand, the grains having a coat of red oxide. "I'hey seem
to be of two sorts, some lareer, well rounded ones from 0.24 to 0.65
mm. in diameter and a much greater percentage a smaller angular to
sub-angular ones from very small up to 0.15 mm. ‘I'he cement is en-
tirely very fine grained dolomite.

The dolomite of the above locality has heen mapped as Quarter-
master by Evans (see fig. 11). It certainly does not resemble any
phase of the Day Creek.
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Northeast of I'homas, dolomites occur which have been correlated
with the Day Creek.” Along EL. NE. 1 sec. 24’1 15 N, R. 15 W,
two ledges of dolomite occur, separated by 25 feet of red sandstone.
They are not noticeably different from the typical Day Creek or
Greenfield dolomites.

The upper dolomite is at least 3 feet thick. A particularly fresh
and hard specimen is very fine grained, massive, and white with a
few thin indistinct reddish bands. It is a very pure dolomite.

) The lqwer doloniite is about 18 inches thick, with some cherty
white or pink parts near the top. It appears to grade into the sand-
stote above, although rather sharply.

One of the two members is probably Day Creek, but there is no
certainty about it. T'hey remind one stronigly of the upper and middle
members previously described from the butte southwest of Canton,

There are a number of outcrops along the north side of T. 13 N,
R. 15 W,, about which the writer has little information. The expo-
sures are rather poor. 1In the NE. cor. section 10, two members appear
to be present on a knoll. T'ypical dolomite is quite pure, medium-
graited, finely mottled white and light red, pink as a whole. It con-
tains thin calcite veinlets.

Dolomites occurring west of Weatherford have not heen noted
previously. The writer’s attention was called to sone interesting local-
ities by geologists familiar with the region.

At a locality not definitely placed but about sec. 23, 1" 12 N,
R. 16 W, a thick ledge of dolomite may be found along a small
creek. The thickness is irregular due to weathering, commonly 214
to 3 feet hut some is 6 feet thick and possibly more. It is rather

uniform, coarsely banded, pink and white dolomite, 'L'he bands are
crenulated in places.

A common type is fine-grained, light-pink to creamy-white with
fine, rather indistinct hands of dark red. It looks much like some
kinds of massive gypsum. A thin section shows the rock to consist
of defisite but very irregular patches of dolomite and calcite each em-
baying and surrounding the other in a very complex fashion. 'The
patches are roughly elongated parallel to bedding, shown by red fila-
ments and markings. “The calcite, in places, shows the reticulate stric-
ture as previously shown in Plate X1V, C, with the dolomite as the
net. A phantom of the same structure appears to be present in the

dolomite. Both are rather fine grained but the dolomite appears to be
coarser.

82. Gould, Chas. N.—Op. cit., p. 336, 1924.
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A specimen very much like the oue described above appears to
be entirely calcite. It is very massive and has a smootl, sub-con-
choidal fracture in places, much like some of the purest dolomites,

A noticeable feature of this member is thin lenses and bands of
red dolomitic sandstone. In one place a lens about 6 inches thick
cuts across the bedding like a vein. It has quite sharp boundaries. A
fresh piece has a large percentage of fine red-coated sand grains from
0.2 mm. in diameter to very small, mostly angular. “I'he cement is
entirely fine-grained dolomite. Several larger dolomite rhombohedrons
with prominent cleavage are present, containing some sand but very
much less than the exterior. One of these is shown in Plate XV, D.

A specimen taken from near the above lens and 2 to 3 feet below
the top of the section is a massive, fine-grained, red dolomite with
very fine white mottling and numerous pores and small cavities. It
contains little or no calcite but an appreciable amount of very fine

sand and red silt.

In the sandstone of the creek bed below the outcrop described
above, much carbonate may be found. Lxceedingly irregular warped
lenses of calcite pinch out or change to sandstore within a few feet.
“I'hey are probably similar in origin to the numerous calcite veins,
commonly crustified and coarsely crystalline, which intersect the sand-
stone in all directions. Individual veins are as much as 4 inches thick
but they may be grouped together to form thicker masses.

T'wo irregular beds of carbonate, which appear to be similar in
origin to the above, were found dipping at a high angle westward into
the creck bed. I'he lower one, about 6 inches thick, is fairly massive,
fine grained and white. The fresh parts are very pure dolomite.
About 2 to § feet above this, a similar bed varies from 6 inches to 3
feet in thickness and has some narrow faint pink bands, with crusti-
fied calcite veinlets parallel to them. The fresh white part is mostly
dolomite with some calcite as minute veinlets and coatings.

It is difficult to believe that these irregular, probably lenticular
dolomites have had a different ovigin from the numerous calcite veins
and lenses described above, whicl are plainly much later than the
sandstone and due to diagenetic processes.

A. . Castile” described to the writer an occurrence near Clinton
where the Day Creek occurs between two beds of gypsum. While
in search of this place the writer found an outcrop which correspond-
ed to the description given. It is evidently not at the same locality
but is situated 1 mile west of the club house at the Clinton golf links, in
the bed of a small creek.

93. Geologist, Indian Territory Illuminating Oil Co.
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At this locality a fault i i i
a s quite apparent, trending roughly 110
Segrees,'dthe' plane dipping about 45 degrees to the soutIR\'est.g (311 the
bpper side 1s a complex carbonate member, very much disturbed, the
ase showing a sharp fold a few feet across. ,

inkgl?e lb;z_lse 1s composed of 8 inch_es of very fine grained, white to
sen i -white, massive carbonate with some drusy cavities. It re-
¢ tl €s some pure dqlomltps and is semi-translucent as some of the
statuary marbles. It is entirely calcite, however.

A few inches above this is i
A his 15 a calcite rock also resemblin I-
omite, irregularly banded pink and white, about 7 inches thick. g do

grain/é(ll)o‘\"?ﬁttlélsr 1518 xr}c.h;:s Iorkmore of very massive, medium- to fine-
; ock which looks very much Ik ) i

| ! . e gypsum. It is about
Sé)cg(e); cen? dolomite, with grains about 0.03 mm. in diameter. In thin
section, calcite occurs in small cavities and veinlets and as irregular
" ‘iTs apparently later than the dolomite. T'his rock does not re-
emble any of the Day Creek as seen at Weatherford. It seems more

comparable to that described on 1z i
Sarable 10 page 122 from below the thick dol-
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veloped before consolidation. On the whole the composition seems
variable. The very incomplete information available at present indi-
cates that the dolomite has originated by replacement of a limestone.
The very definite replacement of celestite by dolomite in one locality
lends support to this view.

The Quartermaster™ dolomite is best exposed on the Caddo County
buttes, mentioned many times in the literature, particularly in T. 11
N.. R. 13 W. In places it occurs directly above thin dolomite beds
correlated with the Day Creek but in ounly a very few localities has
it been found above typical exposures, a condition largely responsible
for its previous correlation with the Day Creek.

The Quartermaster appears to be the thickest dolomite in the red
beds. Tivans reports over 15 feet in some places and- the writer
has obscrved over 6 feet of solid dolomite in several localities. This
is rather remarkable considering its limited areal extent, and notice-
able irregularities.

Typical Quartermaster dolomite contains very little calcite but
commonly has a considerable percentage of sand with accompanying
red silt. evidenced by the deep red color of most exposures. "Lhere
appears to be some evidence that the westernmost equivalents of the
dolomite horizon are largely calcite or calcareous sandstone.

1t is difficult to cite any typical occurrence of the Quartermaster,
as it is rarely found to be the same in any two focalities. However,
certain features arc quite typical, on the whole. A platy, thinly lam-
inated, pinkish or purplish dolomite, 1 to 2 feet thick, may he noted
at the base of the section in many localitics. This dolomite, in places,
appears to grade into soft, red, shaly rock underneath and in others
may be entircly absent. The dolomite above this is commonly massive
and dark red, but may be gray. T'he most typical and striking feature
of the Quartermaster, however, is a peculiar brecciated dolomite of
irregular character found, in places, directly above the platy bed but
in others on top of the section anly, or is lacking altogether. Occasion-
ally all the outcrop consists of this type.

T'his brecciated dolomite has been called conglomerate and breccia-
conglomerate hut neither name is wholly suitable and it is difficult to
suggest one, Sub-hreccia is an appropriate term in many ways. It
presents many phases, but the most cormnmon, perhaps, is a dark red
sandy dolomite in which are set tabular pieces of quite pure pink dol-
omite with angular corners, arranged in more or less parallel posi-
tion, in places showirg banding on a weathered surface. These frag-
ments range from ones several inches long down to small pieces only
seen on a polished surface. However, not all are angular and many
94, This dolomite deserves a specifle nove as the Quartermaster <andstone is

a widespread formation rarely contatning dolomite. It is difficult to sug-
gest a suitable one however, Caddo, being preoccupied.

—_——
95. Grabau, Amadeus W.,
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—Principles of stratigraphy, 1924,

andstone, occurring
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recent years they have received no particular attention. _Mo;’e mten:;:s
study is showing that they are more complex than previous yl stl}[)p ed
and present very interesting problems concerning their correlation a

stratigraphy,
OCCURRENCE OF DOLOMITES

The most prominent outcrops of dolomite occur 1in tthefn;);;}(i;
western part of the State capping the pron}ment escar_p’men‘ OH.ar <
stone which faces northeast toward the Cimarron River, mn p
and northern Woodward counties.

. H r
Fqually prominent exposures macy be f(O)lllr]l(ll 1ln] czt:ltrtzlzlc 15)]:‘1&5‘

; 4 ic joi rper County, Oklahoma, .

County, Kansas, which adjoins [larpe , !
Otheryc’)utcrops, more scattered and less promi;wnt, ilglay Ee (ftcl)lgmll{é(ri
- r m Dewey, southern Blam .
central Woodward, northeastern . Blaine d
Hills), and in northeastern Custer <:0unt;cs.l Vtery 1nt(lec\§/t1é1'1§h§rc[c§rd

g i theast of the town of Weathe
rences are found south and sou the

in "soutl(leastern Custer County, eastern Washita County- and al small
adjoining part of Caddo County. llere the outcrops are f(l)unl( -ollilfa
low esc;rpment, and outlying buttes, commonly of no marked reliet.

STRATIGRAPHY

for many years the dolomites considered in this chapter were
1:égar1(12crl as oﬁe)fornmtion, the Day C}'eek, first descrlbled by }(I:ragu:
in. 1896. Tt occurs typically in Clark County, Kansas, also in .Zarfpet
and Woodward counties, Oklahoma, as a persistent ledge about 2 feet
thick separating the Whitehorse from later formations.

Tn 1924, Gould pointed out that the dolomite of the Red Hills,

in Blaine County was not at the top of the VVhitehor_se, I)ut,] in f<l1lcti
nearer its base. ~ “I'he two ledges which are found thcl?‘may e Cill (:l(t
the upper and lower Greenficld dolomite respectively. They are al)ol _
110 to 130 feet above the base of the \Whitchorse, and separated by
about 25 feet of sandstone. The upper member is probably not ov;,(n:
6 inches thick, but the lower Greenficld has been reported from 16
inches to 3 feet thick.

In 1928, Noel Fivans concluded that, in the .\Neatherford district,
the so-called Day Creck is actually at two horizons, One dolomite,

which he regarded as true Day  Creck, is about 60 feet or less

below the Cloud Chief in Whitchorse sandstone, and alselcm']d occulr:
very near the base of the Quar't?n'nas.ter sandstone, which 115 uﬁcoF
formable on lower formations. ‘T'his view was (:orroborat‘cdl l)y o
Schweer, who also pointed out that the Day Creek probably etnse
out toward the east as the Quartermaster becomes more prominent.
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However, it has never heen suggested that Whitehorse sandstone
‘occurs above the typical Day Creek of Clark, Harper and Woodward

counties. That of the Weatherford district may be slighty different
in age and origin.

The exact position and correlation of dolomite ledges found a few
miles southwest of Canton hetween Blaine and Dewey counties, also
near and south of Thomas in eastern Custer County as well as that

of sevéral occurrences in.the Weatherford district is still more or less
debatable, .

DAY CREEK DOLOMITE

The typical Day Creek as exposed at the type locality in Clark
County and in Harper and Woodward counties is a single ledge of
dolomite about 2 feet thick. Commonly, several types may be found
Jin any locality, ranging from massive, fine-grained, abnormally hard,
white dolomite to fine- or medium-grained varieties, more or less in.
distinctly banded with pink or red. Diagenetic silicification is char-
acteristic of the upper part of the ledge in many places. The silica
is commonly accompanied by calcite, apparently formed by the same
solutions. Calcite is also found in cavities, veinlets, and as very thin
crusts between the dolomite grains, particularly in the more disin-

tegrated specimens, which commonly contain innumerable small den-
drites of manganese oxide.

The origin of the typical Day Creek is still a question. I'he re-
lationship between certain calcitic parts of the member and the dol-
omite may furnish a clue. They undoubtedly represent either an un-
dolomitized portion of an original limestone, or an extreme case of
replacement by calcite. “I'he writer has not ohtained sufficient in-
formation to express an opinion. Calcitic portions of the member niay
be more common than formerly believed. It is necessary to remember
that the calcite would he much more casily removed Dby weathering

and in many places along the line of outcrop the ledge is thin or en-
tirely lacking.

As observed in the Weatherford district the so-called Day Creck.
appears to occur helow the top of the Whitehorse. It is variable in
character and thickness within short distances.

There seems to be little doubt that the dolomite in this ledge has
originated by replacement of a limestone. "I'he large amount of cal-
cite in the ledge as a whole, the remains of celestite crystals replaced
by dolomite, and small nests of dolomite in limestone which appear to
be centers of replacement, all point toward this origin.

Insufficient eviderce makes it doubtful whether this js an ar-
gument for placing the Weatherford Day Creek at a different hori-
zon from that of the typical dolomite, or for assiuning that the typical
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dolomite has originated by replacement. The exact relationship of the
two occurrences will prove most interesting, if it is possible to deter-
mine it.

THE GREENFIELD DOLOMITE

The Greenficld dolomites are hard, fine grained, white to pink,
banded rocks. In themselves, they have not yet shown anything of ex-
ceptional interest unless it be their purity. Analyses of material
known to contain no calcite are very desirable. Judging from the two
analyses already published, they niay prove to contain more magnesia
than present in normal dolomite,

THE QUARTERMASTER DOLOMITE

T'his dolomite is remarkable for its unusual thickness in propor-
tion to its areal extent, and for the evidence which it gives of extensive
-disturbance during its deposition, or not long after, particularly as
shown by a remarkable sub-brecciated phase.

"T'ypical exposures are commonly 6 feet or nore thick, and Fvans
reports as much as 15 feet. The lower foot or so, in many places,
is a thinly laminated, platy, pinkish dolomite, which appears to grade
into shaly sandstone. The upper part is commonly dark-red, more or
less massive, sandy dolomite, but is partly or wholly replaced by the
brecciated phase in many places.

The brecciated dolomite consists typically of more or less pure,
light-pink dolomite fragments, in a more sandy red dolomite matrix.
They are occasionally well banded, and vary from definite tabular or
blocky fragments a few inches long to thin, distorted, lenticular bodies.
The parallel arrangement of these fragments is very noticeable. A
type with a streaked or gnarled structure plainly shows flowage with
minor hrecciation in an imperfectly handed rock which must have heen

semi-plastic. A study of the fragments on polished surfaces shows’

conclusively that they are not part of an older dolomite. This inter-
esting structure appears to have been formed by sub-aqueous flowage
of the bed after or during deposition. The apparently great displace-
ments of fragments of the same layer and their marked corrosion in
certain cases are unusual features of this rock. Small local folds or
buckles in the bed as a whole are found in many places, almost cer-
tainly developed before consolidation.

DOLOMITES OF UNCERTAIN CORRELATION

Several more or less isolated occurrences of dolomite are known.
They present interesting problems of correlation and may throw light
on the origin, variation, original extent and other problems of the
more definitely placed dolomites.

SUMMARY 129

. Three beds and possibly four occur on an isolated butte in sec. 1
T, 1‘7 N., R. 14 W, southwest of Canton. I'wo heds occur in the vicirilit\"
of Thomas separated by about 25 feet of sandstone. Dolomite is
known to occur in at least two rather isolated localities hetween Clinton
and Weatherford. Several outcrops of dolomite or dolomitic rock south
of \Vea_therford need further study. There are doubtless many other
inconspicuous and more or less isolated occurrences which will add
much to our knowledge of these interesting and important rocks
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Figure 1, Sehoolhouse in morthern Jackson County, showing
use of dolomite as a building stone ... 30

Figure 2, The flat blocks of dolomite found loose on the
bluffs have many local uses, and are very adapt-
able for anchoring fence posts. North of Duke.... 30

Figure 3, The escarpment south of Mangum, looking west
showing the three steps due to the Mangum and
Creta dolomites and a massive gypsum member.
A thinner and lower gypsum is also shown ... 32

Figure 4, The ecscarpment south of Mangum, looking ecast.
The level skyline js duc to the Mangum dolomite
and the first bench below to the Creta member
and associated EyPSUMS
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Figure 1, Naystaek Butte in see. 23, . 7 N, R. 22 W,
capped by the Haystack gypsam 51

Figure 2, A distinet flexure in the uppermost dolomite of
the butte in the SE.14 see. 1, T. 17 N, R. 14 W.
The same heds show intense erumpling of the lam-
inac on a small seale, but no breeeiation ... 96

Figure 3, Typieal outerop of the Greenfield dolomite, NiV.
14 mee. 30, T. 15 N, R. 12 W, 6 miles south of

Watonga et ev e e an et A e 103
Pigure 4, Quartermaster dolomite showing flow strueture in
the thinly laminated base of the member., Note the
sharp division between the platy beds and the
upper part which js mueh breecinted, and also ap-
pears to have been hadly buckled at this point,
115

see. 25, T, 12 N R, 13 W,
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Figure 1, Corroded fragment in breeciated  Quartermaster

dolomite, natural size . 6
Fipure 2, Breeeinted Quartermaster dolomite showing posi-
g y 1 g1
tion and shape of three fragments known to be
from the same layer, 0.9 natural size . ... 117

Figure 3, Quartermaster dolomite related to the breceias,
showing more flowage than breceintion .

Iigore 4, Breccinted Quartermaster dolomite, see. 23,
N., R. 13 W, 0.4 natural size ..

Figure 5, Specimen of the upper part of the Mangumm dol-
omite, showing the vein-like character of the red

IAERTNES oo et 46
Figure 6, Angular fragment showing corrosion in brecciated
Quartermaster dolomite, 0.8 natural size 116
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A view of the Blaine escarpment showing the three gypsum
members; the Shimey, the Medicine Lodge, and the
Ferguson,  The Shimer eaps the highest ground. West
of Hiteheock, Blaine County, Oklahoma ... 74
EXPLANATION OI° PLATE VI,
Caddo Counly Buttes, typicaly capped by the Quartermaster
dolomite. Sce. 36, T. 12 N, R. 13 W, 117
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Figure A. Sub-oolitic phase of Creta dolomite, x 75, ... 37

Figure B. Oolitic Creta dolomite showing massive dark type
of spherules, x G8. .38

Figure C. Large spherules in Creta dolomite showing coneen-
trie strueture, x 49,
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urc D. Creta dolomite showing spherules with thin dark
rim. x 49, 38
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Figure A. Oolitic Creta dolomite showing interlocking spler-
ules, x 62,

Pigure B. Dense type of Mangum dolomite with dark spots
and quartz grains, x 49,

Figure C. Mangum dolomite showing horder hetween dense
and oolitic types.  The white spots are quartz
graing, x 49,

Figure D. Porous, oolitie type of Mangum dolomite. The light
gray is largely caleite. x 49,
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Figure A. Mangum dolomite showing later age of red ealeite.
Note the entire absence of quartz grains in the eal-
cite which cuts across sandy bands in the dol-
omite. x 49,

Figure B. Creta dolomite with spherules showing no concen-
tric structure, apparently fitting together some-
what, x 446,

Figure C. I'nrt of curved ealeite lens in oolitic Mangum dol-

’ omite, thought to be a reerystallized peleeypod
valve. Note that it cuts ieross some of the spher-
ules in the dolomite. x 46. 59

Figure D. ““Sub-oolitie’’ texture in Mangum delomite. There
is no quartz or caleite in this scetion. x 62, 61
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Figure A. Oolitic Mangum dolomite showing fossil (peleey-
pod?) cast in dolomite spherule. The light gray is
ealeite. x 55, 62

PFigure B. Qolitic dolomite from the lower Blaine formation,
Major County. Note the interloeking, even-grained,
dark, dolomite spherules in a mueh coarser, color-
less dolomite matrix, x 42

-1
[

Figure C. Oolitiec Blaine dolomite partly replaced Ly gypsum,
Major County. The dark dolomite spherules with
attached matrix are set in one gypsum erysial. x 42, 73

Figure D. Blaine dolomite, Canadian County. This section is
cut near the border hetween dense and oolitic
types. Note the peleeypod enst, x 490 . 78
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Tligure A. Part of coneretionary ehaleedonic shell, as found
in the siliceous nodules of the upper part of the
Day Creck, Clark County, Kansas, Note that the

inner (lower) part contains no siliea.  Crossed
nicols. x 49.

............................................................................ 88

Figure B. Subhedral to euhedral quartz crystals in the upper
part of the Day Creck dolomite, Clark County
Note the numecrous square cross-sections and the
included "speeks of earbonate. These ervstals have
one rhomhohedron dominant with another rhomho-
hedron and the prism very mueh less in evidence.
Crossed micols. x 49. ... 88

Figure C. As B, note the longitudinal seetion with ineluded
earbonate. x 62, ... 88

Figure D. Day  Creck dolomite partly replaced by  quartz
Note that the chaleedony is later than the quartz.
Crossed nicols. x 62, 88
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Isuhedral ““phantom”’ erystals within anbedral dol-
omife praing. Note rhombie and distorted hexagon-
al seetions.  Crossed nicols. x B2 90
Fresh Dayv Creck dolomite with subliedral and ecu-
hedral grains. Crossed nicols. X 55, ... 03

Day Creek dolomite showing replacement of ear-
bonate by silien, x 46, .

Siame as ¢ Crossed nicols, x 46. 94
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Figure A. Iiubedral erystal of dolomite in a ground-mass of
smaller  anhedral  grains, Dewey  County. This
is doubtless due to reerystallization.  Crossed nie-
018, X B2, e 46
Figure B, Dolomitie, red sandstone with fragment of dolomite
without sand. Dewey County, x 20. ... 07
Figure C. Dolomitie sandstone with later vein-like dolomite
(at the right). Shows ulso a thin elear rim pos-
sibly dolomite, around a former eavity, now filled
with conrse ealeite. Dewey County, x 20,0 07

Pigure D. Lower Greenfield dolomife with angular quartz sand
graing, X 520 e 05
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Figure A, Day Creek sonth of Weatherford showing crystuls
of eclestite partly replaced by dolomite, Nofe the
rectangular cleavage and apparent twinning of the
celestate, x 49,

Figure B, Same as A with crossed nicols, x 40,

Figure C. Nests of elear dotomite in enleitie roek, with reti-
cular dolemite hetween the enleite grains of the
groundmass.  Supposed Day Creek southenst of
Cloud Chief, x 49, 121

Figure D, Quartermaster dolomite from laminated blosk econ-
taining supposed hrachiopods. x 2, 115
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Figure A. Red dolomitic sandstone band in gray dolomife,

Speeimen taken from the sub-breeciated phase of

the Quartermaster. Note the pices of white dol-
omite included in the sandstone, Sueh sandy bands
appear to oceur as original laminac in the frag-
ments, but the majority arve part of the massive
matrix, x 46,

Figure B. Gray eolloform or sub-colloform dolomite ns a crust
. on red dolomitic sandstone.

Weatherford district.
Crossed nicols. x 46,

........................... SRRV §:1 )

Figure C. Dolomite erystals in dolomitic sandstone, Weather-

ford district. Note the comparative lack of sand
grains in the erystals, the reevystallized rims
around each and the prominent eleavage still re-
tained in them. x 52, .

e 120

Iligure D. Dolomite erystal in dolomitic sandstone showing
comparatively few sand grains. Weatherford dis-
trict, X B0, e 122
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