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GEOLOGY OF CIMARRON COUNTY
OKLAHOMA

INTRODUCTION

LOCATION AND AREA

“imarron County is the most western county in the State of
Okla.}(;(l)ma, located at} the extreme western end of the Oklahoma
Panhandle. The northern boundary of the county is the 37th
parallel, which is the southern boundary of Colorzg.do and Kansas.
The parallel of 36° 30" is the boundary between Cimarron County
and the Texas Panhandle. The line; between Cimarron Co_ur}ty
and New Mexico is the 103d meri_dla}n, and from this meridian
the county extends eastward to within about a mile of the 102d
meridian. ) . o

The extent of the county east and west is 545 miles ; and nor
and south, a little over 34 miles. From these figures the area of
the county should be 1,836 square miles. The true area, however,
may be slightly more, for there is a discrepancy of several hun-
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t between the north line of the county, as run by the sur-
32;(51 f)%ewse].v;.nd 1900, and the controversy over its true pos1’910n
has not yet (1922) been settled. This area has been divided into
five rows of townships, and four miles of the sixth row, which
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were measured from the parallel of 36° 30’, and into nine full

ranges, measured from the 103d, or Cim idi i
marks the western limit of the county. arvon Meridian, which

MARKERS

There are two posts marking the northwest
‘ s me co
county, the oldest o_f which is farthest north, and wa; gzg k(:)fr :I}Ig
survey of 1881. 1t is a sandstone pillar four and a half feet above

%ggg%itft?gggn\% Ia_.ln’fi a half feet square at the end. It is marked

The second corner is about 300 feet south of the fi
T e first st
imd ;va.s set by the survey made in 1900. Itis a sandstgr‘lse Siﬁgg
wo feet above ground and one and a half feet square on the end.

PLATE I.

SANDSTONE 'LLAR MARKING THIE NORTHWEST CORNER OF THIZ STATI
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(See Plate No. I, page 8.) Both these stones are in an open
pasture belonging to Mr. J. R. Collins, just east of the trail down
West Carrizo Creek to Kenton.

The southwest corner of the county is marked by a “zinc pot”
two and a half feet high and about two feet in diameter, filled
with cement. On the south side is inscribed “36° 30° NL., 103°
WL., 1903.” It stands in a pasture 400 feet west and 150 feet
north of the cross-roads which were supposed to mark the corner.
A large stone set by the survey of 1881 was found lying by the
roadside, about 200 feet north of the cross-roads. It is a sand-
stone pillar, five feet long and two feet square on the ends. On
the top is the date, “1881,” while each of the four sides contains
one of the following inscriptions: “C. M., N. M., 130° WL.,” and
“360 30" NL.”

The northeast corner of the county is at the junction of two
roads and no marker was found. The southeast corner is at the
junction of an east-west road and a north-south fence line, but no
marker was found there.

PURPOSE OF THE REPORT

This report is a description of the geology of Cimarron
County, Oklahoma, the survey of which was undertaken with two
points in view. 1. This region has been the center of consider-
able speculation and prospecting in the search for products of
economic value, particularly oil, gas, and copper, and it is hoped
that the information contained herein will be of aid to those who
may contemplate exploiting this country. In the time available
for field work it was not possible to make a thorough investiga-
tion of all the indications of economic products found, and this re-
port will do no more than describe the larger geologic features,
which are the necessary forerunners of the detailed work which
should be done before attempting large scale operations of any
sort. The information bearing directly on this phase of the sub-
ject will be found under the heading, Economic Geology.

2. The second purpose in undertaking this work was the gath-
ering of scientific information which would be of value to the
citizens of Oklahoma and the surrounding states. The nearest
area which has been systematically studied geologically is the
Raton Mesa coal region, 70 miles to the west,’ and the nearest
region to the south is the area about Amarillo, Texas, 100 miles
away. This is, therefore, a strategic area in which to secure in-
formation on the character of the Mesozoic ‘and Cenozoic rocks

ee, W. T., Geology of the Raton Mesa and Other Regions in Coloradg
and New Mexico, U. S. Geol. Survey, Prof. Paper 101, 1917.
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which are so well exposed in the canyons of the upper Cimarron
River and its tributaries.

METHODS OF WORK

The field work for this report was done during the summers
of 1919 and 1921. There was no base map accurate enough for
use; therefore it was necessary to make the map of the county
which accompanies this report. Because of the size of the area
and the limited time, the mapping had to be of a detailed recon-
naissance nature. The cornerstones and other markers of the
land office survey are still fairly well preserved, and by plotting
on township plats and checking wherever possible on these mark-
ers, a fairly accurate map was obtained. Distances were
measured by pacing and by using the speedometer on an auto-
mobile. Triangulation with an open sight alidade and a recon-
naissance plane table was employed in regions which were inac-
cessible with the automobile.

No level lines have been run in the county and consequently
there are no bench marks giving the correct sea level elevations.
Therefore much that might have been done, especially in the way
of determining structure, had to be left undone because of the im-
possibility of carrying into the county sufficiently accurate and
extensive lines of levels. In some instances differences in eleva-
tion were taken with an aneroid barometer, but in most cases
the hand level was used. All the geologic sections were measured
with the hand level, with the exception of a few small ones on
which a steel tape could be used.

ACKNOWLEDGEMENTS

The successful mapping of the county is due largely to the
assistance of Mr. John Skelley, Sr., of Wheeless, Oklahoma. Mr,
Skelley served on the U. S. Land Survey of Cimarron County,
and held the office of land commissioner when the country was
first opened for settlement, and he gave freely of the information
thus obtained and of his time. The author hereby wishes to ex-
press his appreciation of the services rendered by Mr. Skelley.
He also wishes to acknowledge the help given by Mr. A. C. Easley
of Kenton, who took considerable pains to be of assistance, and
also the treatment accorded by the citizens and the business men
of the county, who without exception, did all in their power to
assist the work. The cheerful and earnest work of Mr. Frank T.
Clark and Mr. Guy Mitchell, students of the University of Okla-
homa, as field assistants, did much to hasten the work to a satis-
factory completion. The drafting of the base map of Cimarron
County was done by Mr. Frank Gahrtz, draftsman for the Okla-
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homa Geological Survey, 1921. Mrs. Bess Mills-Bullard, did the
drafting of the geologic map, cross-sections and columnar chart.

PREVIOUS WORK

The information about this area which has been publis_hed is
the result of rapid reconnaissance work, which was carried on
largely because of its bearing on problems outside the co'upty.
Between the years of 1900 and 1903, Dr. Chas. N. Gould visited
the region and published the results of his work as _part of a (_ie-
scription of the water resources of Oklahoma.’ Th1§ publication
includes descriptions of the formations which occur in the county
and a map showing their location. It also includes a stratigraphic
section measured on the south side of Black Mesa.’

In 1901, Dr. W. T. Lee made a trip down the Cimarron Val-
ley, “to a point seven miles beyond (east of) the boundal_ﬂy of New
Mexico.” He made the trip again in 1905 in company with Dr. T.
W. Stanton.’ Both trips were made as part of a study of the strati-
graphy of the Morrison and Purgatoire formations and were con-
fined to a small part of the Cimarron Valley.

GECGRAPHY
DRAINAGE

In general the drainage of the county is from west to east,
this being the direction of the major streams and also the trend
of the larger tributaries. The drainage is dividegi between two
major streams, Cimarron River, which eventually joins Arkansas
iver near Tulsa, Oklahoma, and Beaver River, which is one
branch of North Canadian River. The extreme eastern part.of
the county is drained by the headwaters of tributaries which
empty into Beaver River in Texas County, Oklahoma.

CIMARRON RIVER

Cimarron River is the larger of the streams and_ it drains
the larger area, its basin including some 590 square miles of the
county. It enters the county in two forks which cross the New

'Gould, Chas. N., Geology and Water Resources of Okla., U. S. Geol. Sur-
vey, Water-Supply Paper 148, 1905.

*Gould, Chas. N., Op. cit., p. 82.

‘Lee, W. T., The Morrison Shales of Southern Colorado and Northern
New Mexico; Journal of Geology, Vol. X, No. 1, p. 43, 1902. . .

‘Stanton, T. W., Th¢ Morrison Formation and Its Relation with the
Comanche Series and the Dakota Formation; Journal of Geology, Vol. XIII,
No. 8, pp. 664-665, 1905.
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T1\\T/Ie>§co1 I}izne ?Atf?elf fc]entgr of the west lines of secs. 7 and 18, T. 5
N, R.1E. - flowing eastward 215 mi Ctw ite at
Izco.mt directly north.of Kenton, sec. 9-), Izll"f]eSS t\lvle tﬁ\olm}lste e};}a
fe:: ea)rg t%le% f{pw; shg}l.%tl,\' north of east for 10 'x'nilés whére lllf
sec. 25, T. 6 N., R. 7 E., it turns sharply and flows ’
into Colorado. s total lene this stream in th due north
nto Colc The total length of this stream in this county is

There are no large tributaries to the Cimarron i i

?;(v)sts 'é)rfe ;c?nes s(;cflrezga;mst beilng lte}fs than 6 milesdiér?g.ln’ic‘}}lllesrgo:r{g};
fe ‘ C reater length in the upper portion of the basi

I‘}}e longest is Cold Springs Arroyo whi h of 2
:r)nizlles. Its source is in the norther); partcélf }s}gcs. i8l'e}}‘gt?})l lsIf %{2
2 E., about a mile north of Wheeless Postoffice whe,ncé it fl.’ ;
}1orj:h T0° east to the southwest corner of sec. 19, T. 4 N., R 40‘E)]VS
% distance of 1214 miles, turns abruptly towar,d t.hé nart}i and"
se(éwﬂg rﬁlogtg 3%’ east 94 miles, joins the Cimarron River in
tﬁe' o , T. 5 R. 4 E.‘_The name is derived from the fact that

e stream contalns springs along the lower part of its cou

which have never been known to run dry. These springs werrse
welcome camping ground for travellers on the old SantagFe Trzila

The next longest tributary is South Carri i

1e next. 3 arrizo, wh i

213\7 %\IN %exll(}%} Jufs]t over t}ﬁ1 line from the northwe:; ég};n}éiagg }l?
» R. 1 E., flows north 65° east for 7 mile '

%ast for_ 9 miles, and joins Cimarron River in lses.’ 1%1 e’}‘l golflthfgog

o hIn its lower course this stream is joined by tw’o t'ribufélri('es

:(z;lct h :léc;gz g rpllei long, which flow roughly parallel to it, the oné

e ’
e I11ng nown as Swede Creek, and the one to the west

The only other large tributar i

. he o ' y on the south

g;r;qlatlsl (S)(I)lulls Tgsets}(llulst% Clreek, a stream 8 miles in ler??t% O\frh?clﬁ

g rce in the SE. 14 of sec. 19, T. 4 N, R. 1 E ’

almost straight in a north 35° east df ction, joining 1 o

! ; X irection, r i -

}I‘ ohn River in the northwest corner of sec. nlgioilr‘{l%glflhelglr;aé

ml;esl%ii}éll"_e?rsot;ez}tr}r:: aret‘;het}c)nly }llarge tributaries of tf{e dimar:
. south, though there are quite a

short, unnamed streams, 6 miles and less in legggizﬁ @ number of

The drea north of the river is drained by a n

n . . . . um
i;clle eams vs]zhlch originate in Colorado. Most 03; them Sr?g (?ff ;{)1&11“}2
the nsam]?)e tength as _the shorter tributaries on the south side, there
helr ug; ut two which are large enough to be classed as major
triby at:clles. The larger of the two is West Carrizo Creek, which
t}] so the most western tributary entering Cimarron River in

e county. The stream enters Cimarron County in sec. 18, T. 6
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N., R. 1 E,, flows southeast and joins Cimarron River in sec. 34,
T. 6 N., R. 1 E. The other one is the Gillenas, formed by the
junction of three creeks which unite in see. 16, T, 6 N., k.2 U,
just south of Regnier Postoffice. From this point the stream
Flows southwest for 6 miles and joius Cimarron River in sees 8,
T.6 N., R, 3 K.

BEAVER RIVER

Beaver River is formed by the union of Currumpa and Ciene-
guilla creeks. The Jatter is called Seneca by most people living in
the neighborhood, this being a perversion of the older Spanish
name. Currumpa Creek enters the county from New Mexico in
sec. 7, T.2 N, R. 1 E., and flows in a southeasterly direction,
while Cieneguilla Creek enters the county in sec. 7, T.1N,R. 1
E., and flows a little north of east, the two streams meeting in
sec. 32, T.2N,,R. 2 E, about 7 miles from the place where they
enter the county. From the junction of the two streams Beaver
River flows due east for 7 miles and then turns to 2 direction a
little north of east until a point 4 miles south of Boise City is
reached, where it takes a southeasterly course and leaves the
county for Texas near the southeast corner of T.1 N, R.8E.
The course of Beaver River in Cimarron County might roughly
be described as the arc of a large circle. The total distance tra-
versed by Beaver River and the two creeks which form it in

Cimarron County is 61 miles.

Unlike the Cimarron River, the Beaver has almost no trib-
utaries. There are a few small arroyas never exceeding 3 miles
in length and usually not more than a quarter of a mile long.
About the same thing can be said of Currumpa and Cieneguilla,
but these streams have 2 few fairly well developed tributaries
while Beaver has none. The lack of tributaries is largely due to
the sandy nature of the country through which the stream flows,
the sand allowing the surface water to sink in rather than run off.

AGUA FRIO (COLD WATER) CREEK

Agua Frio Creek flows through the southwestern corner of
the county, south of Beaver River. In this county it is a small
atream, having a valley which is little more than a ditch through
a large part of ils course, and which at no point in this area is
more than 50 feet deep. Its drainage basin is more than a mile
wide. Farther east, however, it becomes a considerable stream.
It starts in sec. 30, T.1 N, R. 1 E., about a mile south of Delphine
Postoffice, flows north of east for 11 miles to sec. 13, T.1 N, R.
2 E., whence it flows almost due southeast, leaving the county
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in sec. 35, T.1 N., R. 3 E. The total length of the stream in this
county is 17 miles.

STREAMS OF THE EASTERN PART OF THE COUNTY

The extreme eastern part of Cimarron County is drained by
an unnamed tributary of Cimarron and the head waters of two
branches of Beaver River. The first stream is formed by the
Joining of many small streams in the center of T.5 N.,,R. 8 E,,
and flows northeast, leaving the county in sec. 15, T. 6 N., R. 9
5. The two forks of Goff Creek, a tributary of Beaver which
joins that stream in Texas County, head 2 and 4 miles south of
the head of the stream just described. One fork flows east while
the other flows northeast, and joining in sec. 28, T. 5 N,R.9E,
they flow east out of the county. The North Fork of Beaver
rises about 6 miles south of the south fork of Goff Creek and is
formed by the joining of several little streams. It flows south-
east for a distance of 6 miles and then turns and flows east, leav-
ing the county in sec. 13, T. 2 N » R. 9 E. Both these tributaries

of the Beaver have numerous small branches from a quarter to 2
or 3 miles long.

WATER

Few of the streawns of the county are permanent. In times
of rain, any or all of them may carry much water, and the major
streams become veritable torrents, but during most of the year
all but the larger ones are dry. Cimarron River carries water
nearly all the year though it is normally a very small stream, and
West Carrizo has water much of the time., In this latter stream
the effect of evaporation is quite marked at times. On a summer
day it may have a considerable stream of water in the early
morning. The amount, however, gradually diminishes as the day
becomes hotter until the water disappears entirely and does not
refill again until after sunset,

Water is found permanently in the bottom of some of the
tributaries of Cimarron River, of which Cold Springs Arroyo and
Water Canyon (sec. 24, T. 5 N., R. 2 E.), are examples. In the
channels of such streams there are pools of clear and usually cold
water surrounded by water grasses. These are really springs
caused by beds of shale in the bottom of the stream. They carry
a small amount of water but never form streams that flow for
more than a few hundred feet from the pools.

TRANSPORTATION

At present the region is readily accessible from the follow-
ing railroad points: Elkhart, Xansas; Guymon and Texhoma,

15
TOPOGRAPHY

i lay-

3 . Texline and Dalhart, Texas, and Clay:

PG (Jmi\rllty,’ ccc))kla’{‘lﬁ(r)rlllazg’hr{ittle work has been done on thle %‘i(:’ag;
bon, TXext %xtlhe'county, travel is not difficult, for the reda vely
Ngh mo_stfo 11 does not render impassable_ the r_oads an Dralls
D e made. Automobile travel is pqss1b1e_every pere
that Bave beegs of sé,nd dunes. The county 1s rap1ﬁl;tr; ’glzre g
e e a(f ; to all the principal railroad towns, so t ]33.. e
graded o sood road to every part of jche county 'from form thé
b et Onte s seat Beaver and Cimarron r1've'rs‘ \?er qone
tbe tcognogstacl'es. to travel as there are no gzldq%e; I% L e
greates A concrete crossing on Beaver in sec. 42, C"t t(.), Sring.
streang. ing crossing on Cimarron on the Boise 1t y"ams pring-
afli]?e(llda C(?l%%ad% road are passa?}lle exceptn\lilvrl;leerlln ()tl?seos"c }f:r S L

' i ere are ) Y

%?lo%bt}\lzv;}c‘i‘rég;es ‘z:}ff:hlii'%wused regularly by mail carriers and

other travelers.

As this volume is going through pre's‘s.(lz)ziign;ol;lai)l%'q&cl
line is building into Cimarron County. It& 1ss a.% e O This
l;Icl)dge e blgmht()fnggi t?le rfl.orthe.ast. corner and runs

imarron County _ ns
zgﬁgh%xsg ioclggia;e City, thence to a point near the southwest ¢

ner of the county.

TOPOGRAPHY

THE PLAINS

Cimarron County lies in the Western_pa’r;t off 'Jcc_lillz (;;‘:?; .Pl?%ﬁ:
o whlat has been called thef igligﬁicilaéllggesogently toward the
i ai ;
Sggia:r?doivﬁggecggg}gcésisabrx)'oken by two large valleys, one in the
e

he
i n part of the county. T
northern and the other in the Soll:glgegh Or% e county. Tere a}rﬁ
hat of the high plains, in whlc_d
the action of winds an

has shaped the present surface, and (2) that of the

ground water been the chief agent respon-

valleys, in which strea}rln erosion has
sible for the topography. . f
he plains or uplands occupy about two-’ch.lrclldsrl :il‘o ;I;ienag}aat }?e
. etp The only large area not included lfh e bastn O hich
%?n;(;l;'gny']}iver in the northwestern part of the
imar

klahoma, Okla. Geol. Survey, Bull 27, D.

ignider, L. C., Geography of 0
59, 1917,



16 GEOLOGY OF CIMARRON COUNTY, OKLAHOMA

comprises 590 square miles or roughly one-third of the entire

area. The narrow valleys of the other streams cover a relatively
small part of the area.

The plains area slopes toward the east, the elevation at the
western boundary of the county being about 5,000 feet and at the
eastern 3,700 feet above sea level. This is g slope of approxi-
mately 1,300 feet, or an average rate of about 19 feet to the mile.
No exact determinations of elevations are available and the above
figures were derived in the following manner: The elevation at
the union station in Texline, Texas, 8 miles south and 2 miles east
of the southeast corner of the county, is 4,690 feet above sesa
level, and the elevation at the railroad station at Texhoma, Texas
County, Oklahoma, 14 miles due east of the southeast corner of
the county is 3,483 feet. These towns are both on the open plain
and as the slope of the plain is fairly uniform, the difference in
elevation divided by the distance between the stations gives an
average grade of 18.5 feet to the mile, which holds apparently
throughout the county. The grade was measured with a ba-
rometer on some east-west roads running through Boise City, and
an average grade of from 18 to 20 feet was found wherever
measured. With this grade, it is possible to calculate the approxi-
mate elevations of points between the two towns mentioned. The
south component of the slope, if such component exists, is so
much smaller than the east that, if it could be worked out ac-

curately, it would change the amount and direction of slope but
little.

CHARACTER OF SURFACE

This plain is often spoken of as being “flat as a floor,” which
In a way expresses its character, but the general flatness is broken
by miner features which may be divided into three groups, (1)
the broad undulations, (2) the basins, and (8) the sand dunes,

UNDULATIONS!?

Viewed carefully, the surface of the plain is seen to be com-
posed for the most part of broad, low hills separated by very
broad, shallow depressions, giving an impression somewhat sim-
ilar to the waves and troughs of a gently heaving sea. The relief
in this topography is 15 to 20 feet, but as the crests of the hills
are 1 to 3 miles apart, the slopes are extremely gentle. Here and
there rises a ridge-like hill a few miles long, which from a dis-
tance and from certain positions appears as a distinct topo-

Johnson, W. D., The High Plaing and Their Utilization, U. S. Geol. Suf-
vey, 21st Ann, Rept. pt. IV, pp. 615-621, 1899-1900.
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39 ic f re but so gentle are its slopes tha}t it is almost im-
Ig)::?ge}:;’?igf: 1;'t:L:) one crossing it, One of these hills about 2 1mlles
south of Boise City is composed for the {’nost part of sanc%\%f og.mé
and another in the north h_alf of secs. 32 and 33, T. 3 N, 'in
E., is capped by Tertiary limestone. In a few 1nstapces}i a}sl_ll*
seé 22 T. 3 N., R. 9 E., small gullies have developed in t 613: i a
Vvhich,,thoug'h quite definite toward the head, spreagi tou lr?'nh
finally merge into the general surface of the hollow into wflc
they flow. These streams are very_few, howc—::ver, and thedsur aﬁe
presents simply a series of indefinite, undrained sags and swells
with no apparent definite relation to each other.

iti i i ts, and wind
al stream deposition, sgtthng of sediments,
E‘I‘OSiE)JI? 2.?‘2 the three processes which have dgveloped this suxjfa.c?.
It is probable that each of them _played an important pa_rt in i i
formation,though the exact relative importance of each is as ye
a matter of conjecture.

i y d on the Late
he surface of the Great Plains was develope

Tertgr; ?"ormation which formed a sheet of rock waste s1\1/>[read
on an arid land surface by stzz‘eamksl coming f{org etsl::er ilgggkgy Jggg:
tains, in Late Tertiary time. As the process 1s_t seribed by J

’ i g from
son’, a fairly even sheet of debris was depos_l e ’h inming from
i its outer limit. In such a sheet it is hardly to
;t:ciggrgﬁa‘%o;hse surface would be a geome’qucal plane, for ijfc)n&
the nature of stream deposition mcge r}rlla’éqrﬁlalewggsldvlaﬁ ﬁ?iporilai d
i laces than in others. Suc ifferen ) _
15%5}(:? glepvztions and depressions in the surface which might be
accentuated by later processes.

i iments, may take place
ther factor, settling of the sediments,
eithe?ra(ilring deposition or after it has _ceaste_zﬁ. g(’)Ii‘}ri(;r% I?riens%r}?ig
facts which indicate that t_he process 1s § ;1 ng on 1n thi
regi nd these will be discussed }mder the orig .
]See%%(l)irrlfgamay be caused _by a compggtln%h%i;n t}%ggsgctli;er;lesnots{hc;%et }E(;
the settling of the particles, crowding I o S e of
mass occupies less space, or it may be due to | '8
ials i lows the insoluble portions
soluble materials in the rocks which al ingoluble portions
into the cavities so formed. .If more o e
iieseital.sengrtiary formation was dissolved from SOH’;E] p%:;sf
than from others, the overlying sand? and clays would settle,
ing the unevenness shown on the sur ace. '
i Tehe last factor, the wind, is operative a considerable k}))art of
the time, and its action is eff%ctive in dg"y ;:Irges(,)raso rrlnigtcﬁesse%r%
of the sand flats of the main stre , _
g;lr’?ﬁl%rrom which vegetation has been removed. Even in pastures

‘Johnson, W. D. Op. cit.
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the soil is often blown away from the roots of the grass tufts so
that they stand up on little mounds one to three inches high. It
is possible that the action of the wind on bare spots, or on light
sandy spots where the vegetation would not form sod might cause
depressions of the sort described. It is not probable, however,
that the wind alone was responsible for depressions of this sort
but it is likely that it has exaggerated the hills and depressions
formed by other causes. Loose material from the depressions
was removed and deposited on the top and lee sides of hills which
were able to hold it because of their covering of vegetation.

BASINS

Scattered over the plains are saucer-like depressions of
various sizes. The smallest are circular in ground plan, one or
two hundred feet across and but two or three feet deep. From
this size they range to great depressions 2 miles across and 80 to
150 feet deep. The circular outline and saucer-like shape usually
persist until the depressions reach a size of a quarter to a half
mile across and 20 or 30 feet in depth. Larger basins, though
roughly circular in outline are in most cases more irregular in
shape. One basin, about 2 miles west of Boise City in T. 3 N., R.
5 E., has the form of a trough 2 miles long and but a little more
than a quarter of a mile wide, and has a high ridge along its east
side. The bottoms of the basins are flat and are covered with a
deposit of black clay which has been washed from the soil on the
slopes and has settled in the temporary ponds which form after
heavy rains. In a few of the basins there is water for a large
part of the year. In the bottom of some of the larger basins there
ave two or more depressions in which water accumulates.

There is little regularity in the distribution of these basins
except that they do not occur outside the area in which Tertiary
rocks are at the surface, nor are they found in the sand dune
areas. With these exceptions they are scattered over all parts of
the county. The largest number are on that portion of the plaing
between Cimarron and Beaver rivers in the central and western
parts of the county, and there is a group of them south of Beaver
River in the neighborhood of Wilkins Postoffice in T. 1 N., R. 4
E. There are only a few scattered basins outside of this area
south of Beaver River and only a few in the eastern part of the
county in Ranges 8 and 9 east. It is not certain that this distri-
bution has any significance, but it may throw some light on the
character of the underlying rocks if the accepted theories for
their origin are correct.

The popular notion is that the basins were formed by the
tramping and wallowing of the great herds of buffalo which once
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roamed these plains, and they are still called “buffalo wal'lows..”
It is possible that some of the shallower ones were formed in this
way, but it would hardly be possible to account for basins a mile
or two across and 80 to 150 feet deep in such a manner, nor for
the elongate shape of such a depression as that 2 miles west of
Boise City.

Johnson' ascribes the origin of the basins to settling of the
sediments due to compacting, to solution of the lime from the
underlying “mortar beds” of the Tertiary rocks, and to solution
of the beds of gypsum in the underlying red beds. The shallow
depressions he ascribed to the first and seco_nd causes, and tl}e
large basins to the last. He found in many instances cracks in
the soil around the rim, roughly concentric with the center of ‘ghe
basin, some of which were formed within the memory of the in-
habitants of the country. This shows that there was mo_vement
of soil and rock materials toward the center of the basin. He
also found that in the bottom of the large basins the red beds are
very near the surface, and in one case, that of the Salt Well near
Meade, Kansas, the settling had been due directly to solution of
the underlying salt and gypsum. Generalizing from s'uch evi-
dence he concludes that all the basins of the Great qums were
formed in this manner. This explains their peculiarities better
than other theories which have been advanced. The buffalo
would be attracted to such depressions because of the water t}}ey
contained and there is no doubt that trampling and wa}lowmg
tended to deepen them. It is also probable that the wind has
played a part in their formation, for in some instances there is an
area of sand to the east of the basin which does not appear to the
west and south. As the prevailing winds in this region are
southwesterly the sand appears to ha\ge been blown out of the
basins and deposited along the eastern side near the rim.

In summary it may be said in the light of prjesent evidence
it is believed thaf the basins are the result of settling of the sedi-
ments due to compacting, and the solution of the underlying
rocks, with the work of the wind and the trampling of the buffalo
as contributary causes.

DUNES

There are three large areas of sand dunes on the plains of
Cimarron County. (1) The most northern area 1s along the
Colorado line in the eastern part of the county. This area ex-
tends from secs. 14 and 22, T. 6 N., R. 7 E., eastward to sec. _13, T.
6 N., R. 8 E,, but is divided into an east and west part by Cimar-

1Johnson, W. D., Op. Cit. pp. 703-704.
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ron Valley which is here a mile wide. The largest dunes in this
area lie just east of Cimarron Valley and cover an area about 2
miles square. All of T. 6 N., R. 9 E,, is sandy, and isolated patches
of sand drifts and small dunes occur well toward the south side
of the township and become more numerous toward the north. A
patch of large dunes covers a little more than a quarter section
in the northwest quarter of sec. 13. The largest dunes in the
northeastern corner of the county reach a height of 20 to 30 feet.

(2) A second dune area of about 20 square miles is found
12 miles west of Boise City. It is more than 10 miles long and
almost 4 miles wide at its middle point, from which it narrows

PLATE II.

TYDPICAL DUNE TOPOGRAPHY NORTIH OF BOISIE CITY, OKLAHOMA.

both north and south. Its southern extremity is in sec. 31, T. 3
N., R. 3 E., and from this point it trends northeast and dies out
just east of Cold Springs Arroyo, in sec. 17, T. 4 N., R. 4 E. The
dunes on the edges of this area are small, but increase in size
toward the middle where they attain a height of 20 to 30 feet.

(8) The largest dune area lies along Beaver River extend-
ing nearly the entire length of this stream in the county. This
area is about 45 miles long, is elongate in an east-west direction,
and attains a maximum width of 8 miles directly south of Boise
City. Its area is roughly 175 square miles. Beaver Valley has
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rough this area, the sandy material from which fche _dunes
il;tz J%};r(r)negd offering an easy channel for the water. It 1s.d1ﬂ"1.cult
to draw the line between the dunes and the river deposits since
dunes are found down to the stream channel along much of its
course. The largest dunes of the area occur 1n the region be-
{ween Cieneguilla and Currumpa cr_eek:s, in T. 1 N,, R.1E, :g.nd
T.2 N., R. 1. E. They vary greatly in size, some being only drifts
a few feet high, while others are immense dunes 40 or 50 feet
high.
these areas are covered with vegetation so that any con-
siderﬁélle movement of sand is prevented except along the Beaver
Valley and in a few locations where the vegetation is scanty or
where it has been broken for cultivation. Where the w1'nd can
move the sand, it rapidly tears the dunes to pieces and piles the
sand in new drifts behind fences and other obstacles. A number

- PLATE IIL

SAND DUNIE BIING DESTROYIED BY WIND.

of instances are known where a wagon trail across a dune has
allowed the wind to remove the sand, making great hollows or
“blow outs,” and in some cases nearly destroying the dune.

VALLEY TOPOGRAPHY

CIMARRON BASIN

ive i i the valleys
Though not as extensive In area as the plains, '
contain a more varied and striking topography. In the Cimarron
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Valley there are two types of topography sharply separated from
each other by a line which might be drawn north and south
through Wolf Mountain, sec. 27, T. 5 N., R. 5 E,, in the middle
of Range 5. West of this line the topography is characterized by
narrow canyons and buttes. Throughout this part of its course
the Cimarron Valley has an average width of 1 mile, and flows
usually between very steep, in places, almost vertical bluffs of
sandstone 200 to 250 feet in height. The tributaries on the south
side of the upper part of the stream flow in narrow canyons with
a depth corresponding to that of the main stream, but at their
mouths they widen into flat areas covering 2 or 8 square miles.

PLATE 1V.

CANYON TOPOGRATHY IN TESESQUITE VALLIEY.

The walls are still steep, but a wide bottom has been formed, due
in part to the erosion of non-resistant rocks and in part to the
combined action of several small streams which enter the Cimar-
ron at about the same place. The large tributaries from the
north, the West Carrizo and the Gillenas, have wider valleys than
those on the south side of the river, the steep walls of the canyons
being a half mile to 2 miles apart. These two streams have cut
through to a soft shaly formation (Morrison formation) and are
flowing along its strike. Thus they have been able to cut wider
valleys than the other tributaries which do not penetrate this
formation. The tributaries from the north, which do not reach
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this formation, have narrow canyons like those of the southern
tributaries.

small tributaries have carved buttes out of what once
was ‘;ll‘lléewall of the Cimarron Canyon. The height of these buttes
is about the same as that of the present canyon walls, and the)I
sre from one-eighth to one-half mile across at the base. In al\
cases they are capped by the Dakota Sandstone. Buttes are to b
found along the entire length of the upper part of ’ghe Cimarron
and also in the valleys of the West Carrizo and the Gillenas.

PLATE V.

CANYON TOPOGRAPHY IN GILLENAS VALLEY.

conspicuous feature of the Cimarron Basin is the
MesaTclilee ﬁl;;;‘ or Brl)ack Mesa, as _it is qalled by the inhabitants qf
the region. It can be seen standing high abqve its surroundmgg
from almost any point on the bluffs of the Cimarron Valley, tan
from the plains for many miles south and east. Only ﬁhe eas I\?rn
end of the mesa is located in the; county, t}}e rest being %n Eﬁv
Mexico and Colorado. Its shape is elongate in a'northwes -sou t-
east direction, being not more than 6 miles wide at any point,

1 Mesa de Maya is the name generally applied to Lhe en.tire volc.amf: x?efa :ho:le‘e
50 miles in length lying north of Cimarron River anq occeupying ]101'110.ns (? :O‘;orm-
Colorado, and northeastern New Mexico with a 4-mile tongue ex'.endmgpx‘n C;( orn
western Cimarron County. The part in Oklahoma is usually known as R'ac .

—C. N. G.
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and having a length of about 50 miles. In Cimarron County the
total length is a little less than 4 miles, and the average width
about half a mile. The south side of the mesa is straight because
it has been recently undercut by the Cimarron River, but the
northern side is deeply indented by valleys tributary to the West
Carrizo. On the south side, the mesa rises 600 feet above the
floor of the Cimarron Valley and on the north side 400 feet above
the floor of a tributary to the West Carrizo. Its surface has a
uniform slope toward the east, from an elevation of some 6,000
feet above sea level at its extreme western end in Colorado, to
about 4,900 feet at its exireme eastern end in Cimarron County.
This latter elevation is about 60 or 80 feet higher than that of
the plains south of the Cimarron Valley. The mesa is capped by
a basalt flow which has preserved the underlying soft sediments
from erosion following the outpouring of the lava.

The easternmost of the buttes is Wolf Mountain in sec. 27,
T. 5 N,, R. 5 E., the last feature of the canyon topography of the
upper part of the valley. Below this point, instead of the steep
valley walls topped by vertical cliffs, the valley has gentler and
more rounded slopes without buttes or canyons. The sudden
change in topography is due to a change in the character of the
underlying rocks, which in the upper part of the valley are pre-
dominantly sandstones and so have been able to stand in vertical
walls, while in the lower part of the valley they are predominantly
shales and poorly consolidated sediments which yield readily to
erosion. The Dakota sandstone does not occur east of the line
through Wolf Mountain, and the character of the underlying
rocks changes from predominant sandstone to the west, to pre-
dominant shale to the east. The relief in this part of the valley
is in the neighborhood of 200 feet.

BEAVER BASIN

The valley of Beaver River is like a long trough. It has
precipitous cliffs in only a few places, the highest of which is the
60-foot cliff of Dakota sandstone on the Cieneguilla in the NW,
1/ of sec. 10, T. 1 N,, R. 1 E. Through much of its course it has
gently sloping banks covered with sand dunes and wind-blown
sand. Where it flows out of the sand area, as it does directly
south of Boise City, and for the last few miles of its course in
the county, the tops of the bluffs are capped with limestone which
makes a cliff from 20 to 40 feet in height, while below the cliff
the slope is much less steep down to the channel. The average

depth of the valley is 50 to 100 feet and the width from one-
half to one mile.
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OTHER STREAM VALLEYS

i Agua Frio,
ther stream valleys in the county, those of
GoffT(?ree:k, and North Fork of thelc Bea(tiveljc,h arerar htzfl‘sr:\]'?l‘lee 11';}:12;1“
ravi in all cases less than 50 feet in depth. 10 - -
}g;ﬁﬁf:} 1With the country, they appear 1n the floor oft tlile péag:
with surprising abruptness. They are too ygu‘ghful 0 | av .
veloped any features except those characteristic of gullies an

small ravines.

AGE OF THE TOPOGRAPHY

. . raphy
face of the county 1s youthful both in topograp
and ;I‘nh;es;g' The broad stretches of plains as yet unglramed,
:che narrow, steep-sided valleys, which in the case of the C1ma1jli)on
and its tributaries have become canyons, the 1ack_ of large‘ tri hL}-
%aries and the small flood plain areas all signify topographic
youthz Geologically it is evident thatC ‘phe present gog\?egsrta%};); 122.(3}
en formed in recent times. The Cimarron an
2:?% c?ll"c into the lava flow which caps the Mesa de Maya,kand
the tributaries of the West Carrizo haéfe1 cutd thglg)}\lxighslg(,) vr:lsa ti1nag1
8 al sas near their sources In (olorado. S 1
Eﬁzeg‘;es?r?t streams began to dissect the qountry after thetl_avc
flow, which, as will be shown later, was 1n very Late Ter 1ar'\;
ﬁme,. It is evident that a considerable portion of the vall%ystwg.
cut at the close-of the Pleistocen(;z, I{oy tge bor_lfs (;)ff t% é)l{)%—e slts (('});;(
found in the flood plain deposits
ﬂiglﬁ?ﬁ g:;"fh of the county line. ’1"heref<)1re_th% II()e]'r:tsc?égnitiﬁir:c
must have begun to cut into the pla1n§ early in Rl ocene, Uta]
' nce of great lakes in the (reat Basin Reglon
(fl}llg II\)II;S:da in 1:ho;3g Pleistocene Perggg showst thaxtt tt}}llzlin:etimn?eslc }'}‘aﬁ
ist climate in this part of the country at .
gZierrllg?"g}r:glia(szel these streams mustbhaweJC }fon)flamr?glsn%?)iecxgi
4 n
than at present, and they may have been the cha Si¢
' lv fell for the most part1
erable torrents of water which probably : :
i i t for the considerab
the Rocky Mountains. This woul_d accoun e O
crosion during the Pleistocene which the presencet £ the e e
i lower flood plain deposits of the West Carr :
]{)r(r)l%?iselsr.l t}'i“laleoxYZlatively slight amount of erosion which has go1

on since that time is due to the smaller amount of water whic

has since gone down the streams.

1Johnson, W. D., Op. cit. D. 630.
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STRATIGRAPHY

INTRODUCTION

The rocks exposed in Cimarron County range in age from
Permo-Triassic to Recent. Every geologic system between the
Permo-Triassic and the Cretaceous is represented. Then there is
a break in the stratigraphic record, rocks of early Tertiary being
absent. The Late Tertiary is represented by extensive deposits,
covered with a flow of lava in the extreme northwestern part of
the county. Recent and probably Pleistocene deposits are found
as alluvium along the beds of the streams. These rocks have
been tilted slightly to the east, but otherwise have suffered slight
deformations since their deposition. The late dynamic history of
this region is merely a series of slight adjustments to the defor-
mations of the Rocky Mountains. The geological history of the
region, therefore, as revealed by exposed rocks, has been a suec-
cession of fairly quiet times of deposition with intervals of ero-
sion. Some of the formations were deposited in shallow seas near
shore, and some were laid down by streams on broad plains. The
character of the rocks and the history of the region will be dis-

cussed in the detailed account of the stratigraphy and its inter-
pretation which will follow.

RED BEDS

DISTRIBUTION

The oldest rocks exposed in Cimarron County are the red
beds which outerop over a very limited area in the eastern part
of the Cimarron Valley. Although these rocks occur on the sur-
face in a smaller area than any other formations in the county,
they underlie the entire area and are quite near the surface for
8 or 10 miles along the Cimarron Valley. The formation out-
crops in three small tributaries of Cimarron River in R. 6,
and along the low cliffs which border the channel of the river.
The greatest area of red beds exposed is in a northward-flowing
stream on the Burnett Ranch where a small structure cut into by
the stream has exposed an elliptical area of outerops in secs. 4,
9and 16, T.5 N, R. 6 E. From this place red beds can be traced
eastward along Cimarron River for a distance of about 2 miles,
A second northward-flowing tributary of the Cimarron, about 2
miles to the east of the one just mentioned, contains some red
beds in the bottom of the valley in sec. 7, T.5N.,,R. 6 E. Across
the river from the two localities mentioned, red beds occur at thé
mouth of a south-flowing tributary of Cimarron River. The
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rocks oceur on the west side of the valley only, being carried below
the surface to the east by a rather sharp east dip. Red beds are
reported from the Cimarron Valley a short way beyond the state
line in Colorado, and it is probable that they occur in the bed of
the river down stream from the outcrops noted above, although
covered by sands and other river deposits.

THICKNESS

The thickness of the formation in this region can not be
determined from information now at hand and so must be esti-
mated from available records of wells drilled in the county, and
by comparison with known thicknesses in neighboring regions.
Along Cimarron River, cliffs 7 to 10 feet high represent the ex-
posed thickness of the formation, and the thickest section meas-

ured, on a small stream in sec. 9, T. 5 N, R. 6 E,, amounted to
only 20 feet.

A well was drilled for oil near the center of sec. 22, T. 4 N,
R. 1 E,, to a depth of 2,040 feet. No log of this well was obtain-
able, but an examination of the sludge showed no trace of any
rock other than red beds, in the last material bailed. As the top
of the well is in the Dakota formation, 370 feet, more or less,
should be subtracted for the thickness of overlying formations.
This would leave a thickness of something more than 1,670 fe€t
for the red beds. Another well was drilled for oil at the south-
west corner of the NW. 1/ of sec. 22, T. 5 N., R. 5 E,, to a depth
of 1,583 feet, the top of the well being at or very near the top of
the red beds. Then the rig was skidded a short distance and a
second hole drilled to a depth of 1,155 feet. It is certain that the
last hole drilled did not go through the red beds, for the sludge
was fairly fresh when seen. From the information obtainable
it is impossible to say with certainty whether the first hole drilled
at this place went through the red beds. The lowest bed which is
called “red clay and gyp” in the log of the well given below is at
1,100 feet, but gypsum is reported at a depth of 1,460 feet, 360
feet below the last bed specified as “red.” The sludge from the
first hole was covered up with that from the second, so it was
impossible to get any information as to the character of the ma-
{erial from that source. It is probable, however, that the bottom
of that hole was still in the red beds. A well drilled 4 miles north
of Liberal, Kansas, in the southeast corner of sec. 20, T. 33 S.,
R. 33 E., which is 60 miles east of Cimarron County, reports 1,640
feet of red beds. A well drilled near Channing, Texas, 50 miles
to the south shows at least 2,500 feet of red beds.

At Gate, Beaver County, Oklahoma, 150 miles to the east.
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et of red beds were measured,’ but it is doubtful whether
%l’17e52a.fr$1e stratigraphic horizons are represented at Gate a\,n(%1 .11n
Cimarron County, as those at the first place are Permian, Y‘lrl lb e
the top of those at the latter are 'probably _Tr1ass1c, as V\1I:1 3 e
shown later. In the Rocky Mountains, 180 miles to the west, ‘ ef
gives a thickness of 14,000 feet for the rqd be_:ds, but si}cgges S
that this great thickness may be due to duplication by faulting.

3 foregoing it may be deduced that the red beds of
Cimjriglr? g(l)(fmty agre agc least 1,100 feet th1c_k, while the w(o)elé 1111:
T. 4 N., R. 1 E., indicates that they have a thickness of 1,67 (ie
or more. From thicknesses east, west and south of the c}c:un y.
it is reasonably certain that the red beds of the county have a
thickness of about 2,000 feet.

CHARACTER

is not possible to form an accurate idea of the character
of thI(;c J;csmks oIfJ this formation in the county from ’ghe ver;lr) sma-lé
putcrops which are exposed. In general, however, it may i 1sal
to consist of brick, red and buff sandstones, some fine con,,fqm-
erates and red shales. The sands of the sandstones are ve.rc'ly 13{3-
grained and one of the layers exposed contains considera > e
clayey material. These sandstones are (_:omposed largely of %par zd,
with a cement of iron oxide which gives the.characterls ic re
color, and occur in massive be<_ls, 7 to 10 fe_et thick. Inthe c?.nylon
of Cimarron River, New Mexico, some miles to the west, snlm a‘r
beds occur, and there show cross bedding, the beds forming atri%e
lenses or wedges. However 1n the small outcrops seeél 1111 ; 1;:
county such conditions of stratigraphy could not be note - n the
sandstone beds are lenses of coarse sand and fine con% pnte}zlrz te
ranging from 10 to 40 feet in length, and from 1 to 5 fee f1n ic -
ness, with pebbles averaging one-e1g‘h1':h to one-quarter ca an 1r%gd
in diameter. Red shale is also found in small lenses, and 1s no
in wells drilled into the formation.

The thickest section measured is on the east side of the
stream near the center of sec. 9, T.B N, R. 6 E.

Section, Center of sec. 9, T.5N.,R.6E.

Ft. In.
T — . . N
San?lI;tone, buff, in beds 1-foot thick. Much tiny cross- 5 6
DEAQITIE v vvvvnernrnm ornnsemmnm s srrntenty

1Aurin, F. L., Geology of the Red Beds of Oklahoma, Okla. Geol. Survey,

Bull. 30, p. 41, 1917. )
*Lee, W. T., Op. cit. D. 41,
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Top—
Soil, brick red, on slo e
, , pe between bench i .
sandstone exposed at thi i o0 ropical red bed
- sh
gapdstong, b_uff to red, makes aofé(zi(;x; 200 feet to the west 7 67
oil, red, indicating red sandstone.......... ... ... .. 56

Some idea of the nature of the formation may be obtained

from the following :
g well log, fur L
Survey, by the company which diglfrlfee%fi}fﬁnglflah"ma Geological

_ Well drilled by the Empi
N, R.5 E., Cimarron Countf%%cgg‘z%fi Fuel Co., sec. 22, T. 5

Drilling commenced April 2
/ 27, 1917. i
Thick~9 7. Date of completion not given.

s l‘t“zrma tion }\gﬁ Ii)emth I Thick- D
oft red B Tee Sor tions ness eptl
Gray samsih:d_le ---------- 130/ 130}| Red gi:};mf ..... Feet I<‘eet’
Croyfand 40| 170|| Red clay and gyp. ... ..... 201 1,058
Soft red sand...... .. ... 15| 185|| Gypsum ................. 33| 1100
Soft red sand............ 20| 205 Sand and gyp ........ .. 301 1,130
Soft red shale............ 60,  265]| Gypsum ................. 20 1190
S iy 15/ 280|| Clay, gravel and gyp...... 20 1170
Soft red sand............ 22 302( Clay, gravel and gyp..... 30| 1230
Soft red rock ............ 217| .519|| Fine sand and shale...... 4 i
Water sand .............. %g ggg zand and shale .......... I ’-‘(?| 11??(’)79
Red rock ................ and shale and gyp...... 30/ 1335
Red rock ...........0.... 15 567]| Sand ....... o e
Red rock ............ 20| 587)] Fine sand ............... J| L34
Red rock .....oonnnn 98| 685|| SAnd ................ A
LI 37| 722 Fine sand ............... ;5 1374
Shale ............ooiio 92| 914]l Sand and clay ......... . o Ta
Shale ... 3917 Sand .. 10| Ti2g

Red 1ok ................ 20|| Clay, sand and gravel. .. .. ‘
Red vock .00l 65/ 9831 Sand and syp Eravel.. s 1440

Red and eravel . and ... ’
Red gizg "md gravel ..... 4; . ggé Sand and clay............ 3:;(5) i"é%g

Red and synp , SANd . v.eiuinini ’
ed clay and gyp......... 5] 1,038{| Sand and clair """""""" 73 i'ggs
........... 583

RELATIONS

The contact of the red beds wit

. } h the overlyi i
iit(:.t lr)r:‘a%tli(;ln ;:;)ézég ?}?t be seen because of talus slo;le%n\?vghilcallllrc%a\'fteorlrg
it i order i at the red beds should underlie the Morri >
beds in the musteL n part of the. county, and the Purgatoire in i(})lr’l"
eas ,e there - as A afve been a time of no deposition or erosion in
the e thesepberd of the county, and therefore an unconformi’;n
brhere these b MS a}rg exposed. Wherever the contact of the reg
focs itath the B orrison beds was observed, there is an unec
amounté o dgtqpper Cimarron Valley in New Mexico t(})lr'l-
amounts to a is hlpd; angular unconformity in which the 13
beds ha bedspin%csh ! 1ch}:1;1§ 1(§.d1tth is not known what lies beneﬁh
concerning their lower cos;;tarét. erefore there is no information

the Rocky Mountain front, for b
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AGE AND CORRELATION

These red beds are believed to be a part of the formations of
eds of similar lithologic character
can be traced from the red beds of the Raton Mesa region down
{he Cimarron Valley to within a few miles of the western border
of the county. The sandy character and the alternation of brick
red and lighter reddish color of the beds exposed in Cimarron
County are very similar to the characters seen in the red beds in
the Raton Mesa region. The absence of gypsum in the upper
part, and the comparatively small amount of shale are notable
differences between these red beds and those seen farther east

in Oklahoma.

The absence of fossils makes it impossible to determine the
age more exactly than Permian or Triassic. Tt is known that the

red beds in Beaver County, 150 miles to the east, are Permian,
while those to the west in New Mexico have usually been called
Stanton mentions the finding of Triassic

Permo-Triassic.
the red beds near Folsom, New Mexico,” which

dinosaur bones in
is 70 miles west of the outcrop in Cimarron County, so that he is
inclined to put the red beds of the upper Cimarron Valley in the

Triassic. Judging from the lithologic similarity between the
rocks of the red beds in Cimarron County and those in New
Mexico, one would be inclined to assign the same age to both ex-

posures.

MORRISON FORMATION

The easternmost outcrop of the Morrison beds are found in
the western end of the basin of Cimarron River in Cimarron
County. There are in the county only small exposures of this for-
mation showing the bottoms of the larger streams where the fold-
ing of the rocks has brought them within reach of stream erosion.
These exposures occur along the banks on the western side of the
West Carrizo from the Colorado line almost to the base of the
Mesa de Maya, and appear on the south side of the mesa north-
west of Kenton in a narrow belt skirting the base of the mesa,
and probably extending into New Mexico. This belt of exposures
is covered for half a mile east of the state line by talus and stream
deposits of the Cimarron River, but may be seen in the creek
hottom at the western edge of Kenton. Steep east dips, seen at
the last mentioned place and also in the West Carrizo Valley,

quickly carry the formation below the surface, and it does not re-

igtanton, T. W., The Morrison Formation and its Relations with the Co-
manche Series and the Dakota Formations; Jour. Geol. Vol 13, p. 665, 1905.
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appear again u_ntil a small area is encountered on the north side
of Cimarron River near the northeast corner of sec. 8, T. 5 N.
. 2 E., where the mail road from Kenton to Campo, Colorado’
leaves the Valley of the Cimarron, and turns up the hill towarci
t'he valley of Gillenas Creek. The easternmost outcrops of the
formation are on the west side of the Gillenas Valley where a
Tew feet of the top of the formation are exposed in the valleys of
two tributaries to the Gillenas, one in sec. 34, and the other in
sec. 22, T. 6 N., R 2 E., where the road crosses these tributaries.
Exposures do not appear on the east side of the Gillenas Valley
partly because of the gentle slopes covered with talus and strearﬁ
Sl(:ft(')sws, and partly because an east dip carries them below the
surface.

' It is not possible to state how far the exposures of the Mor-
rison extend east of the Gillenas Creek, for the bottom of the Pur-
g‘atmre formation is not exposed again for 20 miles and the Mor-
rison beds are not present at this place. A water well drilled on
the Julius Kohler Ranch in the SW. 1/, of sec. 21, T. 6 N., R. 5 E.
went through 55 feet of red shale and into a white sandstone, an(i
an oil well in sec. 22, T. 5 N., R. 5 E., reports 130 feet of soft, red
shale near the bottom of the Purgatoire formation. The shales
on the Kohler Ranc_h, however, are probably shales near the bot-
tom of the Purgatoire, while those at the other well are probably
the top of the red beds. Therefore it would be safe to assume
'_chaf‘g the lzlorrlson formation thins out and probably disappears
in Range 4.

THICKNESS

Only the top gf the Morrison formation is exposed in Cimar-
ron County, so it is impossible from data here secured to give its
thlc}mess. The only place where it was possible to measure a
sgctlon was on the West Carrizo in the north half of sec. 28, T. 6
1\'., R: 1E, vyhere its total thickness is 55 feet. Lee states that
}J:got}tl‘lcl;r}ess in the Cimarron Valley near Raton, New Mexico, is
O eet,

CHARACTER

The foll_owing sectign was measured at the place mentioned
:_Lbove and gives a good idea of the sorts of material to be found
in the Morrison of Cimarron County. ’ :

Lee, W. T., Geology of the Raton Mesa and Other Regions i '
s T., 8 asa gions in Col
and New Mexico. U. S. Geol. Survey, Prof. Paper, 101, p. 40,51917. orado
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Section of Morrison Formation, sec. 28, T.6 N, R.1E.
Top— It In.
Massive, white sandstone of the Purgatiore. Clayey, light gray
material, no bedding. Grains angular or sub-angular 0.018
to 0.033 mm. in diameter,
Composition: gquartz 50-80 percent; orthoclase, very little; calcite
50 percent in fine grained portions, but very little in coarser.
Many dolomite rhombs scaltered throughout........ccoovorvn 5’

Sandstone, fine-grained, white, weathers buff. Average size of
grain, 1 mn.
Composition: quartz 85 percent; orthoclase 5 percent; andesine;
calcite 5 percent; some dolomite rhombs; iron stain. Rock
cemented partly by calcite and partly by interlocking grains.. 7

Sandstone, fine-grained, friable, arkosic. Forms concretionary
masses showing rounded faces at outcrop. Color -gray with
bluish cast.

Composition: quartz 55 percent; jabradorite ¢ percent; orthoclase
5 percent; calcite 38 percent; many dolomite rhombs; chiori-
lized material and iron oxide stains the cement. Calcite forms
P T 17 1L A AR

Clay, deep red with green or greenish-gray mottlings which in-
crease in number toward the top forming bands and layers,
bedding indistirict. Breaks into little joint blocks.

Composition: quartz 80-90 percent (av. diameter .15 mm.); feld-
gpars; zircon; trace of an altered mineral so changed to

chlorite and iron as to be indistinguishable........ccooeennn 5 77

Sandstone, light buff, weathering gray-buff. Grains average
0.225 mm. in diameter and are well rounded; 90 percent
quartz. Rock firmly cemented by calcite containing scat-
tered dolomile rhombs 0.033 mm. long. Iron stain all
through CEMENL ..\ vver e e et enaes et rne

Clay-like material, light green, composed entirely of dolomite
rhombs, largest 0.033 mm. in diameter, average 0.011 mm,
Bedding thin, %4 to 3 inches. Typical close jointing. Frac-
tures conchoidal. Bottom layer contains sandstone lenses,

17 4"

3, inch long and %4 inch TRICK + v vvevvenaereannasonnnnns '
Shale, soft, very finely laminated, bright green.
Composition: quartz 15-20 percent in rounded and sub-angular
grains 0.039 mm. across; plagioclase feldspar, trace; calcite
and rhombic¢ crystals of dolomite (0.033 mm. long); .matrix
60-80 percent composed of sericitic and chloritic material too
fine to be IAENtified ... .. ..cvvevierrenienranrr e o 5”
Clay-like material, soft, chocolate colored.
Composition: quartz 50 percent, angular and sub-angular grains
0.003-0.075 mm. in diameter; calcite and dolomite rhombs:
much greenish-red stain all through the slide.......ccvvivees 6"
Clay-like material. Brick red at bottom, slate colored at top.
Grades from one color into the other. Red portion blotched
with green. Typical close jointing with larger fracture sur-
faces conchoidal. No distinct bedding.
Composed of about equal parts of quartz and caleite with dolo-
mite rhombs scattered through it. Average size of grain
i

0,006 TAM «vvrveeneenaeee s amn s s s tr s strn i r it
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Top— Ft. In.

Limestone with some clayey material. Color light gray, weather-
ing lighter, red along joint cracks. 1 or 2-inch beds rather

indistinct. Characteristic close jointing.
Composition: dolomite in rhombs 30 percent; quartz 20 percent;

some white mica, chlorite, ete. ... oviiiiiiiiiiar i, 6’ 0”7
Limestone, very fine-grained, brick red, with gray streaks and
patches throughout which give it a motiled appearance.
Weathers but little lighter in color. Bedding indistinct.
Extremely jointed, giving characteristic small blocks.
Composition: Cazalcite 99 percent, iron stain ......cvcvivviiiniae, 16 9
Limestone, light gray to reddish, impure. Much jointed giving
characteristic blocks.
Composition: quartz 46 percent in rounded and elongatle grains
0.082 mm. across; calcite 48 percent; sprinkled with dolomite
rhombs; kaolin 5 percent; white mica 1 percent; zircon, a
8 o - S Y 307
Sandstone, very compact, limey. Light gray or buff, weathering
lighter gray.
Composition: quartz 60 percent; grains sub-angular and
elongate; calcite 39 percent; part dolomite rhombs; chlori-
tized material; biotite; kaolin; while mica; a little iron stain 2’ 8”7

Limestone, very fine-grained. Bedding distinct 1-16 to 1l-inch

beds. Characteristic block jointing.
Composition: quartz 40 percent; plagioclase feldspar a trace;

calcite with scattered dolomite rhombs 60 percent; zivcon,
very little; jron sladn.. ... i iii i i i e 17 10”

Limestone, some parts gray but mostly pink, weathers gray. No
distinct bedding. Characteristic jointing into little blocks.
Composition: calcite 97 percent, dolomite rhombs scattered

abundantly through it; quartz 0.5 percent, grains 0.05 mm.
across; plagioclase feldspar, a trace; iron stain which gives
COlOT t0 Lhe TOCK +uvriviirninn it ieiire it eer e snanieenes 3 8”

Total thicKNess ...vvviiniiiiieinerrientnensnerarensnans 55" 1"

The distinctive features of the Morrison formation as ex-
posed in Cimarron County are its shaly character, variegated
colors, and extremely close jointing. This last character causes
the shales to break up on weathering into a mass of small block
chunks, one-eighth to one-quarter of an inch across, and because
of this they have received the name of “joint clays.” This jointing
is one of the distinguishing characteristics of the formation wher-
ever shales are seen. These rocks appear to be clays, and possess
many of the physical properties of clays, but under the micro-
scope it can be seen that they are very fine-grained sandstones
and limestones or dolomites, the clayey minerals such as kaolin,
micas, chlorite, etc., being scarce. There is a great deal of cal-
cite and dolomite, the latter being recognized by the tiny rhombic
crystals throughout the entire section observed. The colors are
due to varying amounts of iron oxides and chlorite in the differ-
ent layers.
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PLATE VII.

SHALES OF THRE MORRISON FORMATION CAP
SANDSTONE.

PED BY PURGATOIRI

RELATIONS

Since only the upper ion i

. . part of the formati i

Sérxigcénv ic%l;nty’Wltst cc%nt}:;tct with the underl?rriln;s r?e}({ip%se%i 111;
sible, est of the county line, in New Mexi

beds are folded slightly, and as th ’ o bosaes, the red
0 C ) ese folds were beveled off
fore the Morrison Epoch, it is prob bl foo0 OLf be-
formable contact between thepf? o F that _there_ls imaaon-
County as well as to the west, If tl‘;v angqadons in Cimarron
y : . It lar unconf it -
tioned above is not bresent, there me atngél Usoorsen
by ! ) Sent, least be a d f .
ity, for there is a time interval betwl::z y o
LIy 1O n the two f i -
I'Ir‘llg vghlch the Exeter sandstone was depositec? ir(l) rlr\In:vEflol\I}Ise;{jilég

1e Lixeter formation, which lies above the red beds and below

the Morrison, wedg i ;
fore reaching Okla%leos n?;.t to the east in the Cimarron Valley be-

The contact of the Morrison beds with th i
. p . . « e .
EOJler fI())rmatlon in the one locality where it wasos‘;izﬁygfc qusrg%
A e‘f 2. %‘hE.), seems.to present a transition in the uppei' th,ree:
fr%msf';he toepléog;clj-lélct}} sandstone,b which is the third member
_ . the section given above, is ver h lik
typical Purgatoire in size of i ni ompositios, fae
2l Purg ) grain and mineral compositi
contains the dolomite rhombs characteristi Ptaon h
e _ stic of the Mo
The next bed above is very much like the first and is glﬁg@ff %sy
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light green shale which has the characteristics of the Morrison
and which underlies the lower thick, white sandstones of the
Purgatoire.

ORIGIN

There is scarcely enough of the formation exposed to war-
rant conclusions concerning its origin. Mook', who has made a
study of this problem, states that it is the product of stream
deposition, the streams flowing from some low area far to the
southwest of Cimarron County. The materials were deposited on
a peneplain or flat surface which contained swamps or lakes in
places, in which the very finely laminated clays and the lime-
stones were laid down. If such is the correct interpretation, one
of the lakes must have occupied this region in which the lime-
stones shown in the section were deposited.

AGE AND CORRELATION

The age of the Morrison beds has been a matter of consid-
erable controversy, and up to the present there has been no solu-
tion of the problem which is satisfactory to all geologists inter-
csted in it. It is agreed that it is either later Jurassic or early
Cretaceous (Comanchean), but there is not yet sufficient evi-
dence to definitely place the formation in either system.

No fossils were discovered in the formation in Cimarron
County. Therefore, the correlation is based entirely on strati-
eraphic position and lithologic character of the rocks. The variety
of color and the extreme jointing are characteristic of the forma-
tion in all localities from which it has been described. It is de-
sceribed in the areas in southeast Colorado which are covered by
folios of the U. S. Geological Survey’, and it has been traced down
the Cimarron Valley from the Raton Mesa region.’ Therefore
no hesitation is felt in classing these beds as Morrison, even
though fossil evidence is lacking.

"Mook, (. (., The Origin and Distribution of the Morrison Formation;
Geol. Soc. America, Bull,, vol, 26, pp. 295-322, 1915.

*Finlay, J. R, U. S. Geol. Survey, Geol. Atlas, (lolorado Springs folio (No.
203), 1916.

Richardson, . H., U, S, Geol. Survey, Geol. Atlas Castle Rock folio (No,
198), 1915.

Stose, G. W, U. S. Geol. Survey, Geol. Atlas, Apishapa folio (No. 186),
1912.

*Stanton, T. W., Op. cit., pp. 657-669.
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PURGATOIRE FORMATION

DEFINITION

Gould’, who first studied the rocks in this region, described
all the Cretaceous beds as one formation-—the Dakota sandstone.
The work of Lee’ and Stanton® in 1905, however, showed that
there should be a separation of these beds, at least in the southern
part of Colorado and the northeastern part of New Mexico. The
divisions recognized by these men were noted and more fully de-
scribed in the work done along the Rocky Mountain front in
southeastern Colorado by later writers'.

In general there is a tripartite division of the Cretaceous
strata in the region. The lowest zone is composed chiefly of
massive layers of white or cream colored sandstone. It is over-
lain by a zone composed predominantly of dark shales grading in
places to very black shales and in one place to coal, but having
thin sandstones in places. In many areas in southeastern Colo-
rado the top of this zone is marked by a bed of fire clay. The
uppermost division is buff colored sandstone, about 100 feel
thick. The shale zone contains a fauna of Comanchean age,
while the buff sandstone contains a well known Dakota flora.
This would limit the use of the term Dakota to the sandstonc
above the dark shales and necessitate a renaming of the lower
pa'rt of the series. Lee and Stanton have used the term Purga-
toire formation, so named because this formation is well exposed
gl 1the dwalls of the canyon of Purgatory River in southeastern

olorado.

DISTRIBUTION

The Purgatoire formation outcrops along the Cimarron
River and its tributaries and can be followed continuously from
the western border of the county to the eastern side of Range 6,
a distance of about 35 miles. It forms the lower slopes and the
bottom of the valley along most of its length. The only large
area where this formation is continuously exposed is in T. 5 and
6 N., R. 5 E., where the structure of the rocks has caused it to
appear at the surface, over an area of about 60 square miles.

!Gould, Chas. N., U. 8. Geol. Survey, Water-Supply Paper (No. 148), p.
78, 1905.

“Lee, W. T., Op. cit.

*Stanton, T. W., Op. cit. pp. 657-669.

‘Finlay, J. R., Op. cit.

Stose, G. W, Op. cit.

Richardson, C. W., Op. cit.
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The very top of the formation is exposed beneath the Dakota
sandstone on both the Currumpa and Cieneguilla creeks in the
southeastern part of the county. A strip of black shale about 5
feet thick lies under the massive Dakota cliff on the south side
of the latter stream, and can be traced nearly a mile. On the
Currumpa, 57 feet of the formation are exposed in a small anti-
cline. Although the Purgatoire is the thickest of the formations
exposed in the county, except the red beds, it outcrops over a
very small area as compared with the exposures of younger for-
mations.

THICKNESS

The thickness in the western part of the county is about 275
feet. In the eastern part 210 feet are exposed in T. 5 N, R. 5 E.
These figures correspond to the maximum thicknesses, given the
_ formation in Colorado and New Mexico, where, in the canyon of
the Purgatory River, its thickness is 230 to 260 feet'.

COMPOSITION

In general the formation consists of sandstones and shales
with some conglomerates and a very little limestone. It is to be
distinguished from the overlying Dakota by the white color of
the sandstone and the presence of conglomerates and arkose.

Two divisions are recognized in all the localities from which
it has been described. The lower division is a white to cream
colored sandstone, and the upper a series of gray to black shales
with inter-bedded, thin sandstones. In the Colorado Springs
region the lower division is called the.Lytel sandstone member
and the upper the Glencairn shale member®. In the valley of the
Purgatory River, Butler’ states that the lower two-thirds of the
formation is almost entirely of white and buff sandstone, while
the remainder is largely of shale containing thin sandstone beds

In Cimarron County the same two divisions can be made,
though they are not everywhere so distinet as in the Colorade
Springs area. At all places where the overlying .Dakota sand-
stone makes cliffs, there is a covered slope of from 30 to 60 feet
below the cliff, but where a glimpse may be had of the rock under
the talus, it is found to be black shale and sometimes thin-bedded
sandstone or black, sandy shale. Below this talus slope lies a
thick bed of sandstone, 20 to 50 feet thick. In most places this

!Butler, G. M., The Clays of Eastern Colorado; Colo. Geol. Survey, Bull.
No. 8, p. 106, 1915.

*Finlay, J. R., Op. cit., p. 788.

‘Butler, G. M., Op. cit., p. 106.
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layer is white, though in a few localiti

' X g es, on the b §
Me]zosa de Maya on the _West Carrizo in sec. 20, T.e6 Il\lltfteRn(irgl (ﬁ
is buff. The top of this sandstone is taken as the top (;f the Sa'lfld-

stone memb :
the formatioerf.’ and the covered interval as the shale member of

SANDSTONE MEMBER

This member comprises the lower 200 fee X i
fn?d is charaqterlzed by the thick, white beds o&' zfarfgsufglemvgﬁligﬁ
%tle §o prominent in the western part of the Cimarron Valley
so:gleeb?l?fe rl?&%l{hi ‘Illvllllr_r;bell‘ of sandstﬁne layers, some white and

) - 1te layers are the mor i
iz_)eds vary in thickr}ess from 12 to 50 feat O(I)‘Ililggg 211)113 l}(l)'gfn a ’(Ii‘i};:e
tﬁnge }fppear massive. On close examination, however, it appears
: at they are extremely cress-bedded, and that there ar,e scattered
conglomerate lenses at rare intervals throughout.

CHARACTER OF SANDS

The sand as a whole is ver g
y X ) vy poorly cemented and
.,\1 ;f(;d?nresicri;llgr 1’co v;f.e‘:cgtherlnlg, forming smooth, roundedtgﬁgzzg
an( ocalities making fantastic mushr i
f'ollms, somewhat hkq those found in the Dakotaosozi?ldzfr;lodnepluﬁ
.&Ilou&o]é)f 1such forms is to be seen on the east side of 101 Gé.p in
e NE. l4 of sec. 15, T.5 N, R. 1 E., along the road between

PLATE VIII.

SANDSTONE OF THE PURGAT 15 Ir ] N IN
OI%{&I}L%?IATION IN EASTERN CIMARRON
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PLATE IX.

BEROSION FORMS IN LOWER MEMBER Ol THE PURGATOTRE SANDSTONE,
WESTIERN CTMARRON VALLIEY.

Kenton and Boise City. The origin of these forms in this for-
mation is the same as for those in the Dakota sandstone. At
the top of each pillar there is a cap of iron oxide, apparently
originally deposited by ground water, which protects the top
while weathering is taking place along vertical joints. Near the
bottom of the formation the white layers are frequently cemented
firmly enough to form quartzite, and not infrequently diffusion
rings of iron oxide form in this quartzite, making it look like a
hed of great concréetions. There is much of this quartzite at the
foot of the Mesa de Maya on the south side, and also at the foot
of the cliffs on the west side of the valley of the Gillenas, near its
mouth. The diffusion rings are very well developed just south
of Dr. Regnier's house, near the Oklahoma-Colorado line in the
(illenas Valley, where they are in white sandstone near the mid-
dle of the formation.

These sands are composed predominately of quartz, most of
which came from igneous rocks, as indicated by the numerous in-
clusions of apatite and rutile needles. Some grains are made up
of a mass of more or less minute crystals differently oriented,
and joined by very irregular edges. These are either bits of vein
quartz or granulated quartz from metamorphic rocks. Feldspar
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PLATE X.

KENTON, OKLA.

LOOKING WESTWARD FROM KENTON, OKLAHOMA.

Cap rock on cliff to the right is Dakota sandstone.
Iedge occurring below is of the Purgatoire formation.

grains can be seen in many sands with the naked eye and in most -
of them with the aid of a lens. In the thin sections examined,
both orthoclase and plagioclase were found. The plagioclase is
acid, being basic oligoclase or acid andesine. Bits of other min-
erals, from igneous rock, such as apatite and zircon, are scattered
through some of the sands, though in no place do they make any
appreciable part of the whole. A little calcite was found in the
cement of the lower sandstones collected north of the Mesa de
Maya, but it was evidently very local and had been brought in by
ground water from nearby limestones, for it was found at no
other place. Iron oxide occurs in some of the sands in sufficient
quantity to give the buff color noted above. It also is found on
the weathered surface of the quartzite, sometimes giving the sur-
face a red or buff color, and in other instances filling the pores of
the rock and the holes formed by the weathering of the feldspars
with black iron oxide, thus giving the rock a speckled appearance.
It also makes the diffusion rings mentioned above, the concentra-
tions of iron oxide being sufficient to make the rock tend to split
off i1_1 roughly concentric layers, much like the exfoliation seen in
gl"qnlte. An average of the mineral composition of the slides ex-
amined would give quartz 75 percent, orthoclase 2 percent, plag-
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ioclase 3 percent, cement and pore space 20 percent. In some
specimens the feldspar runs higher, but never more than 10 per-
cent. The rocks therefore should be called arkosic sandstones
rather than true arkose.

TEXTURE

The size of the grains varies considerably, the smallest
measured being 0.099 mm. and the largest 0.7 mm. If the con-
glomerates are included, the size of the largest grains would be
about an inch. All the sandstones, however, are composed of
orains having an average size of from 0.1 to 0.2 mm. in diameter,
larger and smaller grains being the exception.

CONGLOMERATES

Conglomerates are scattered through the formation at widely
separated intervals, as more or less lenticular masses, usually in
sandstone which is coarser than the average. The lenses are not
more than 5 or 6 feet thick nor 10 to 30 feet long. They are com-
posed of pebbles rarely more than an inch or an inch and a half
in diameter, and from that size down to one-eighth of an inch.
They are made up, for the most part, of sub-angular pieces of
chert, flint, and considerable vein quartz. Where noted in this
county, they are near the upper part of the member of the Pur-
gatoire formation. The source of pebbles is unknown, but their
size and shape suggests that they have travelled for a great dis-
tance. As these conglomerates are common to the formation in all
the localities from which they are described, it is probable that
the pebbles were brought from the land area to the west which
supplied the material of this formation.

SHALE PARTINGS

The white and buff sandstones are separated at irregular in-
tervals by shale beds. These shales are usually represented by
covered slopes where it is very difficult to get any idea of the
rock beneath. The sandstones are very poorly cemented and
crumble readily, making it almost impossible to find their con
tacts with the shale partings. The best exposure is on 101 Hill,
near the center of sec. 18, T. 5 N., R. 2 E., where the grading of
the road from Kenton to Boise City has exposed the upper 80 feet
of this formation.

Sandstone member of Purgatoire Formation in
sec. 18, T.5 N, R.2 K.

Top— Ft. In.
Shale member: Black shale.
Sandstone member: White, even grained, cross-bedded. Some
beds massive. Weathers into fantastic, rounded forms.
Lenses of carbonaceous shale 2 to 3 inches thick in the
1300) 673 S Y- A 42’ 0”
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Top— o Ft. In.
Conglomerate in loosely cemented, red sandstone. Pebbles %z-
inch to 3 inches in diameter........ocovieiiivinenenans 5 0

Shale, pure brown or bluish with some streaks of yellow
sandstone 14 inch thick. A 1-foot sandstone layer at 15
feet from the base. Shale weathers light gray-blue and
crumbles into flakes % to 1-inch across................ 21’ 0"
Sandstone, heavy, white or buff. WeWathers lighter in some
places and more buff in others. Quartzite forming in no-

dules in the UDDPET 1ayersS. ... vov i i inennerenrens 12" 0”
COVETRA -t et ns ettt ottt et ettt e 75" 0"
155" 0"

At places throughout the county where it is possible to get a
hint of the sort of rock beneath the talus slopes which separate
the sandstones, it is always found to be either shale or friable
sandstone.

LIMESTONE

About 100 feet below the base of the Dakota formation in
the valley of the West Carrizo, there is a limestone 5 feet thick.
It is very compact, slightly argilaceous and dove colored; it
breaks with a pronounced conchoidal fracture, and thin pieces
have a ringing sound when struck. Though compact, it breaks up
on weathering into beds or layers 1 to 6 inches thick. Under the
microscope it appears to be made almost entirely of calcite; the
only other mineral showing in the thin sections examined being
quartz in grains 0.083 to 0.115 mm. in diameter, constituting no
more than 0.5 percent to 1 percent of the slide. The calcite is in
very small grains or crystals, so fine that it was impossible to de-
{ermine which, even under the high power of the microscope. As
nearly as could be measured the size of the calcite grains is about
0.0083 mm. No fossils were found, though careful search was
made for them.

Similar limestone is reported from near the center of the
eastern part of T. 4 N., R. 1 E., where it outcrops on some small
hills in the pastures of the John Skeeley Ranch.

In the eastern part of the area where the Purgatoire forma-
tion is exposed, a limestone of about the same thickness and of
the same composition and character can be traced 6 to 8 miles in
the Cimarron Valley. In some places the lower part of the east-
ern limestone is red on the weathered surface, though the upper
two feet or more weathers gray like the western limestone. This
limestone can be seen in the bed of the Cimarron River near the
middle of the west side of sec. 11, T. 5 N,, R 4 E, It can be traced
eastward from that point, rising higher and higher on the hills,
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reaching its highest point in the vicinity of Wolf Mountain, sec.
27, T.5 N.,,R. 5 E.

It is not certain that this last limestone is the same bed asg
that found in the valley of the West Carrizo, for the beds could
not be traced through the intervening 15 miles, but their litho-
logic similarity would suggest identity. They occur at about the
sume distance below the base of the Dakota sandstone, the in-
it%r}ralton the West Carrizo being 111 feet and at Wolf Mountain
90 feet.

GRADATION FROM SHORE TO MARINE CONDITIONS

As the sandstone member is traced eastward down the
valley of the Cimarron, there is a change in its character which
indicates a gradation toward marine conditions. The top sand-
stone in the western part of the valley is white or light buff, a
gradual change takes place, and in sec. 5, T. 5 N., R. 4 E,, it be-
comes coarse-grained and buff, with considerable conglomerate
and much feldspar in it. Instead of the massive sandstone of the
western part of the valley, the beds are here from 1 to 8 feet
thick. From this point eastward all thick layers of white sand-
stone are gone and in their place occur thin sandstones and
shales. The sandstones in this part of the exposure vary from 2
to 25 feet thick, but do not reach the 40 to 60 foot thicknesses
which were seen farther west. The light color is still predomi-
nent and in some cases becomes creamy white, but often is buff
to red. The shale beds increase in number, their prevailing color
being light to dark gray and in some cases black. Reddish sandy
shales are found in places and there is one horizon of yellowish,
sandy shales toward the top of the formation. The shale beds
measure 10 to 26 feet in thickness and the sandstones 5 to 25
feet. Another feature noted in the eastern part of the exposed
formation is the increase in the amount of limy material. Thin
limestones and lime cement in sandstones occur at frequent in-
tervals. One such bed can be seen on the road up Ute Canyon
about 3 miles north of Cimarron River, and here it is a very
sandy, reddish limestone carrying casts of Comanchean fossils.

The above facts indicate that there was a gradation from
land or nearshore conditions of deposition to marine conditions
during which time there were either oscillations of the sea level
or differences in the rate at which sediments were supplied, while
this formation was being laid down. This change was first noted
hy Lee' and Stanton® on their trip up the Cimarron Valley in
1904, and also by Darton® at Two Buttes in Colorado.

‘Lee, W. T., Op. cit.
*Stanton, T. W., Op. cit. p. 660.
*Darton, N. H., Op. cit.
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SHALE MEMBER

The beds of this member are rarely exposed and therefore
it is difficult to study it. A good section of carbonaceous shale, 32
feet thick, is exposed at 101 Hill near the center of sec. 18, T. 5
N., R. 2 E. It is of a bluish-black color, weathering slightly
lighter in spots. Similar black shales occur at the base of the
Dakota sandstone in the cliffs of the Cimarron at many places,
and also along Cieneguilla Creek. They also appear at a number
of places where there are no cliffs as, for instance in the hills
about the old townsite of Mineral in secs. 12 and 13, T. 4 N., R.
1 E., and secs. 7and 18, T. 4 N,, R. 2 E. They also occur in the
slope below a deserted house and sheep corral on the Strong
Ranch near the center of the east line of sec. 17, T. 5 N., R. 4 E.
About the old townsite of Mineral there are, at this horizon,
white, light gray and yellow clays. In the southeastern part of
Colorado there are fire clays at the top of the upper member of
the Purgatoire, and it is possible that the clays found at Mineral
may be more extensive than their limited exposures indicate.
They may be the equivalent of the Colorado fire clays.

Many springs occur at the base of the Dakota sandstone,
caused by the presence of these impervious shale beds beneath.
Such springs are to be found on the Mesa de Maya at Nigger
Springs, and at Dripping Springs, in sec. 28, T.4 N,, R. 1 E,, in
Dripping Springs Creek, tributary of the South Carrizo Creek.
The springs in Water Canyon on the Al. Baker Ranch in sec. 24,
T. 5 N., R. 2 E., and the three big springs on the old Santa Fe
Trail, located on the Hughes and Hood Ranches on Cold Springs
Arroyo, in secs. 8 and 4, T. 4 N, R. 4 E,, and at Flagg Springs,
7 miles to the east, on a small unnamed tributary of the Cimarron
River, in sec. 32, T. 5 N, R. 4 E,, are in similar stratigraphic
positions.

In the extreme western part of the county, 18 inch beds of
coal occur at the top of the upper member of the Purgatoire,
probably as lenses in the shales and sandstones. A section taken
at the strip pit on the Will Baker Ranch in sec. 32, T. 4 N, R. 1
E., shows the following rocks at the top of the shale member.

Shale Member of Purgatoire Formation in Sec. 32, T. 4 N. R. 1 E.

Top— . Ft. Ir,}.
Shale, gray SANAY . «.oonvrrrrerorcerr ot , 10”
Sandstone, thin bedded, gray, medium-grained............... 1 4"
Beds 1 and 2 inches thick .......oo i , 6
LIgMIte .ttt 1 .
Shale, sandy, some black, grading into sandstone below...... 7

Sandstone in bed of the stream........ ...

Total thiCKINESS v vvvrrrenreninonrarassocnsseeensonns 4 4-5
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Sandy shales are frequently indicated in the talus of the
slope covering the upper member, and are exposed in the outcrop
on Currumpa Creek.

Section on Currumpa Creek

Top— Ft. In.
Sandslone, buff. Weathers gray to yellow. Extremely cross-
bedded, beds being about 1 inch to 1 foot thick.......... 44" 0"
Sandstone, thin bedded, shaly. Bluish, due to organic matter.
Some beds white, weathering yellow.................... 8 6"
Sandstone, massive. White, weathers with a bluish tinge.
Grades into sandy shale at the top. ..................... 2" 0
Shale, black, fairly pure. Occasionally thin shaley sandstone
interbedded ................ . e, 23" 0~
Sandstone, soft, crumbly. Weathers yellow or brown. Beds
about 8 inches thick ...................... . ... ... 5 6"

Sandstone, white and buff with some pebbles % to Y%-inch in
diameter. Sandstone rather massive. Breaks along joints

into big BIOCKS ...vvuvenn e e, 11" 0"
Sandstone, thin bedded, shaly, white. Weathers yellow. . ... 3"
Sandstone, white. Weathers buff in spots. Thin beds........ 7 6"

Total thickness ..............ccveiiuimnnninn . 101" 9~

It may be that the three white sandstones at the base of the
section belong to the sandstone member of the formation, but as
there is so little of the formation exposed here it is impossible to
feparate the lower member from the upper member with cer-
ainty.

East of the west side of Range 4 it is difficult to draw the
line between the two members of the formation, for the lower
one has taken on the marine character deseribed above. The
shales of the two members are not different in composition or
thickness, and the sandstones of the lower member, so prominent
in the western part of the county, have become so thin as to de-
stroy the lithologic distinction between the two.

FOSSILS

The upper member of the Purgatoire formation carries a
marine invertebrate fauna. The beds in which it is found le
only a little above the dove colored limestone of the lower mem-
ber in the eastern part of the outerop where they are most easily
found. The fossiliferous beds in most instances are yellowish,
shaley, sandstone lenses varying considerably in thickness. The
best collecting locations were found on Wolf Mountain, where 16
feet of yellow sandstones were exposed with a 22 foot covered
interval above and a 1 foot covered interval below, at the south-
west corner of sec. 81, T. 5 N, R. 6 E., where the section of the
fossil bearing beds was measured.
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Fossil Beds.

Top— Ft. In.
Sandstone, yellow, limey, fine grained, very fossiliferous.... 15" ¢”
Shale, PUre DIOWD ....uvvivvinniteerneeneenannennn, 3 0"
Sandstone, yellow like above. Little slabs of sandy lime-

stone at the base. Very fossiliferous.................. 15" 0"
Shale, pure, gray; only top of the layer showing............ 6 0"
Total thickness .......i'viviiiiiirirennienennnnnenns 39" 0"

Fossils were also found at about the same interval above the
dove colored limestone, on the Boise City-Springfield, Colorado
road, about 3 miles north of the Bickel Crossing on Cimarron
River, in sec. 25, T. 6 N., R. 4 E,, in a red, sandy limestone. This
is probably the place where Lee and Stanton collected the fauna
listed below. Stanton says that members of this fauna can be
found in the upper member of the Purgatoire up the Cimarron
Valley as far as Folsum, New Mexico.

AGE AND CORRELATION

The lower member of the Purgatoire formation has to be
correlated largely on stratigraphic evidence, as it carries no fos-
sils except petrified logs. Petrified wood has not been reported
from this formation in the other localities from which it has been
described, and as yet there has been no determination of the wood.
This member therefore, is correlated with the upper member
which carries a characteristic fauna, largely because it is so
different lithologically, from the Morrison beds.

As stated above, the upper member of the Purgatoire forma-
tion carries a prolific fauna. No fossils were found which were
not included in a collection made by Lee' and Stanton® in sec. 25,
T. 6 N,, R. 4 E,, near the old postoffice of Garrett. Their list is
as follows:

Prolocardia multilineata Shumard
Pholadomya sanctirabae Roemer?
Ostrea quadruplicata Shumard Turritella seriatim-granulata Roemer
Plicatula incongrua Conrad Anchura kiowana Cragin
Inoceramus comancheanus Cragin Hamites fremonti Marcou?
Gervilliopsis invaginata White Pochydiscus brazoensis Shumard
Trigonia emoryi Conrad

According to Stanton’, this is a typical Comanchean fauna,
of Washita age, similar to the fauna in the Kiowa shales of
Kansas, and the Washita beds of Texas. The Gryphaea were

‘Lee, W, T. Lee, Op. cit.
*Stanton, T. W., Op. cit., p. 664.
*Idem., . 665.

Gryphaea corrugata Say
Ostrea subovata Shumard
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found at this horizon by Lee', westward to a point within 80
miles of Folsom, New Mexico, in the valley of the Cimarron
River, and from there the beds are correlated with the Purga-
toire of the Rocky Mountain front by stratigraphic means and a
fauna, which, though different in character, belongs to the same
horizon. This fauna is described in the Colorado Springs and
the Apishapa Folios of Colorado®. )

RELATIONS

The Purgatoire formation rests conformably on the Morri-
son beds in the only place where the contact is exposed, sec. 28,
T.6 N, R. 1 E. This transition has been described (p. 35). The
base of the formation can not be seen in many parts of the county,
but in the eastern end of the Cimarron Valley red beds are seen
to underlie it, though the exact contact is not visible. The con-
tact of the Purgatoire and the red beds in the eastern part of the
Cimarron Valley shows that there is an unconformity between
the two in that region.

ORIGIN

The persistence of the limestone and shale beds and even
of the white sandstone beds, the completeness of the sorting, the
presence of carbonaceous shales, the white color of much of the
sand, indicating little oxidation of the iron contained, and the
presence of the marine fauna in the upper member, all go to
show that the formation, or at least much of it, is of marine
origin. The great amount of cross bedding all through the for-
mation, the presence of conglomerate and of logs buried in the
sand, prove that it was formed very near the shore. Swamps or
marshes were present on the shore or low lying coast, as is evi-
denced by the fire clays and coals found in the western part of
the county. The abundance of feldspar in the sandstones and the
relative coarseness of the sands, as compared with the sands of
the Morrison beds, make it evident that there was a source of
material other than that which supplied sediments for the Morri-
son formation. Such a source must have been to the west of the
area here described, and probably west of the Rocky Mountains,
judging from the distribution of the formation along the moun-
tain front. Thé materials must have come from crystalline rocks
or arkoses which, because of some rejuvenation of the streams,
were rapidly broken up and transported to the present situation
where the waves worked them over into the deposits now found.
The alternation of sandstones and shales, which is especially

!Stose, G. W., Op. cit.
*Finley, J. P., Op. cit.
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uoticeable in the eastern part of the county, was caused by osecil-
lations of the sea level relative to the land, or by differences in
the amount of material ‘brought in at various periods as the
bottom of the sea was settling. At times when little sediment
was being furnished, the shoreline may have advanced farther
toward the west and shale was deposited in the county, while in
times when a great amount of sediments were being furinshed,
the sea may have been filled faster than diastrophism took place,
tl}lle 1Thore driven eastward again or the sea filled till it was very
shallow.

DAKOTA FORMATION

DEFINITION

At the beginning of the description of the Purgatoire for-
mation (p. 37), it was stated that the term Dakota should be re-
stricted to the sandstone beds above the shale zone carrying the
Comanchean fauna. In almost every place observed, the base of
this sandstone is at the top of a talus slope which can be traced
throughout the county so easily that there is little chance of mis-
taking the position of the base of the formation.

DISTRIBUTION

The largest area of exposed Dakota sandstone is in the
northwestern part of the county in the basin of Cimarron River.
This area forms a rude sort of wedge, having its apex in T. 5 and
6 N.,, R. 5 E,, and spreading from that place so that the north
limb leaves the county near the north central part of T. 6 N., R.
4 E., and the south limb leaves it at the northwest corner of T.
3 N.,, R.1E. Itisexposed in the Mesa de Maya where it makes
a great projecting ledge at the east end, very conspicuous as
viewed from the south. The ledge is caused by the stripping of
the non-resistant Late Tertiary formations from above it. The
Dakota sandstone is the cap rock on nearly all the buttes along
Cimarron River, and forms the top of the cliffs throughout the
whole basin. It runs up Cold Springs Arroyo to the middle of
T. 4 N, R. 3 E,, but can not be found east of sec. 11, T. 4 N., R.
5 E., and sec. 16, T. 6 N., R. 5 E., having been removed by the
erosion which preceded the deposition of the Late Tertiary for-
mations. Fragments of the sandstone were found in the Late
Tertiary conglomerates in the east side of T. 5 N., R. 5 E. The
last conspicuous outlier is the capping of Wolf Mountain, sec. 27,
T.5N,,R.5 E,
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Beaver River cuts into the Dakota, exposing three patches
of the formation. The two most conspicuous outcrops are on
Currumpa and Cieneguilla creeks and the third is a rather in-
conspicuous exposure in the bottom of the Beaver Valley, extend-
ing about a mile upstream from the cement crossing, a quarter
of a mile south of the NE. corner of sec. 24, T. 2 N,, R. 3 E.
More of the formation might be exposed here were it not for the
abundance of sand in the riverbeds and on the banks. The out-
crop on the Currumpa was traced for about 2 miles along the
stream in the east central part of T. 2 N., R. 1 E. It forms con-
spicuous low cliffs where a trail crosses the stream at the Wilson
crossing. The outerop on the Cieneguilla is more striking in that
on the south side bold cliffs of massive sandstone rise abruptly
65 feet above the stream bed. This outerop covers 114 square
miles in the north central part of T. 1 N,, R. 1 E.

THICKNESS

The Dakota formation consists of a single sheet of sand-
stone of rather uniform thickness. The thinnest section meas-
ured was that on Wolf Mountain, see. 27, T. 5 N., R..5 E., where
it was only 33 feet thick. The thickest section (115 feet) in the
county was found about 8 miles to the northwest, in the massive
sandstone cliffs on the Strong and Clark ranches, particularly
conspicuous in secs. 4 and 9, T. 5 N., R. 4 E. Sections taken up
the Cimarron Valley, west from this point to the state line, varies
only a few feet in thickness, ranging from 59 to 72 feet, with an
average of about 66 feet. The greater thickness (72 feet), is in
the Mesa de Maya, and this is probably the most accurate figure,
for at this place an almost vertical section from the Purgatoire
to the Late Tertiary formations is accessible. The sandstone
made the top of the cliffs in the other sections. The amount of
erosion which had taken place was not determinable, though the
probability is that it was comparatively slight.

On the Currumpa thickness of 44 feet was measured, but
Liere the top was not located precisely because displaced gravels
and sands of the Late Tertiary formations concealed the contact.
On the Cieneguilla a thickness of 62 feet was exposed in a steep
bluff, which is probably about the total thickness for that region.

The difference between the extremes in thickness of the for-
mation, is 82 feet, but the average thickness, which holds over

most of the county, lies between 60 and 70 feet. The difference -

may be due in part to differences in thickness as originally de-
posited, but more probably, to the unconformity at the top of the
formation.
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COMPOSITION

In general the formation is buff colored, fine i
grained, cross-bedded, massive sandstone. Mos,t of thgovgfg; lgfe
quartz, originally from igneous rocks, for they contain ?nclusions
of rutile and apatite. In some thin sections there are graing of
quartz composed of many smaller particles with irregular bound-
aries, showing that they are either bits of vein quartz or quartz
whl'ch had beep granulated by metamorphic processes. A few
grains of apatite in a slide made from the Dakota at '101 Hill
sec. 18, T. 5 N., R. 2 E,, and in slides secured from the outcroz;
on the _C_urrumpa, shqw 5 percent less of sericite and chlorite
The original mineral is not determinable. The cementing ma-
fgel‘lals are silica z'md.iron oxide, probably hematite. In thin sec-
tions, the iron oxide is seen to surround the grains as a cement in

most of the thin sections and i i
1s present as a s i ]
not form a cement. fatn where it does

TEXTURE

These sections show the grains to vary somewhat in i
shape, but they are in all cases sub-angularyto fairly \?Vteilln rillfg;;:id
In size they range from fine to coarse, and on the Currumpa theré
13 a zone of fine conglomerate in coarse sand, containing pebbles
somewhat less than one-eighth inch in diameter. Measurements
l_mder the microscope show that the grains vary from 0.045 mm
to 0.33 mm. in t_:hameter. A specimen taken from the butte on thé
West Carrizo, in T. 6 N., R. 1 E., shows two sizes of grains, 80
percent of the grains averaging about 0.2 mm. and 20 peréent
averaging 0.38 mm. At 101 Hill, sec. 18, T. 5 N., R. 2 E., the size
of the grains vary from 0.7 mm. to 0.1 mm. In the finer’ grained
beds at the base of the formation on the Currumpa, in the east
central part of T 2_ N., R. 1 E,, the grains range frofn 0.045 mm.
to 0.15 mm., whlle'ln the upper part of the formation, the grains
pf the medlum-gralped sandstone average 0.225 mm. and the sand
in the conglomeratlc zone 0.375 mm. The average size of grain
for the formation is about 0.1 mm. in diameter.

COLOR

_ The characteristic color of the Dakota formation i '
Jl.:h_IS'COIOI‘ is persistent, not only over this county, l;)ut laslé)ougla;(ii-
Joining parts of New Mexico and Colorado. In some places
various shades of (_iark gray are seen; in others the rocks are
almost black, and in some of the quartzitic phases there is a
motthd, streaked coloration of various shades of red. The differ-
ences in color are due almost entirely to variation in the amount
of iron oxide. Where iron is not abundant the rock is gray, as in
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the cliffs on the north side of the Cimarron River in secs. 31 and
32, T. 6 N., R. 4 E,, in the cliffs in T. 6 N., R. 5 E., and along the
Boise City-Springfield road north of Cimarron River. The char-
acteristic buff color is due to a partial cementation of the sand
by iron oxide. In many places the rocks are very black, due to
great concentration of iron. The most noteworthy case of this
is in the cliffs on the east side of Gillenas Creek, in sec. 24, T. 6
N., R. 2 E,, where the cliffs appear black for almost their entire
height, and from a distance resemble a basalt flow. There are
many places where this concentration of iron has taken place
along joints, causing black ridges a foot or two high which are
traceable for several hundred feet on the surface. In other areas
irregularly shaped patches have a black color.

CEMENT

The cementing substances are iron oxide and silica. Iron
oxide is found in all parts of the formation, in some cases form-
ing a very dense cement, and in others appearing as red or black
specks through the gray rock. It is very abundant along joint
plains and in some porous beds which offer good channels for
circulating ground water. Examination of thin sections of the
formation under the microscope shows that iron oxide is present
as a stain even in those portions which are cemented with silica.
1n other thin sections no silica is visible, but the openings be-
tween the grains have been filled with iron oxide. This cementa-
tion may be so complete that the rock is very firm. Such a con-
dition is to be seen in the cliffs on the east side of the Gillenas
Valley. near the middle of the east side of sec. 24, T.6 N, R. 2 E,,
where the rock is so much indurated that it breaks off in huge
blocks 10 to 15 feet on the side. In some cases this cementation
is merely on the surface and when that surface is penetrated to
a depth of 2 or 3 inches, soft, friable sandstone is exposed.

Silica is not so common a cement as iron oxide, but is found
in many places, and, toward the eastern edge of the Dakota ex-
posure has changed the sandstone into a quartzite. This quartz-
ite is especially conspicuous in the outerops in the valley of Cim-
arron River north of Boise City, in T. 5 N,, R. 5 E. At Flagg
Springs, sec. 31, T. 5 N, R. 5 E., the top of the formation is hard
quartzite which is broken into large, irregular blocks, 3 to 10
feet in diameter. The surfaces of the blocks tend to become
rounded on weathering and have the appearance of mottled por-
celain, colored with dull to bright red blotches by the iron con-
tained in the cement. Similar quartzites are to be seen on Wolf
Mountain, and just east of the road in sec. 2, T. 4 N,, R. 5 E., and
at a number of other localities in this vicinity, No such quartzite
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was noted in the outcrops farther west in the Cimarron Basin
nor in the outcrops on the Currumpa, Cieneguilla creeks, or
Beaver River.

At many places over the county small areas of the formation
are firmly cemented with silica, without making the massive
quartzites described above. This occurs most often in small beds
a few inches to a foot thick and is characterized by the gray color.
One such spot is found at the top of the cliffs above the ranch
house on the Clark Ranch, near the center of sec. 33, T. 6 N,,
R. 4 E.

The thin section cut from a sample taken from 101 Hill
shows that part of the cement in the buff parts of the sandstone
is silica. This slide shows well cemented sandstone, the cement
being composed of tiny crystals of quartz which are not oriented
to form enlargements of the sand grains, but are packed among
the grains with no apparent order. This cement is colored by
spots of iron oxide which give the color to the rock.

BEDDING

There are places in the formation in which no bedding is
apparent. The only layers of this sort exposed are in the cliffs
on the Cieneguilla and also in the cliffs on the Strong Ranch on

PLATE XI.

MASSIVIEE DAKOTA SANDSTONI ON CONTACT 01 BLACK I'URGATOIRE
SHALES, CLIFI'S ON CIENEGUILLA CREEK.
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j;he Cimarrpn. At the first place about 60 feet of the formation
is exposed in a vertical cliff showing no bedding except toward
the top, while at the second place the cliffs are 115 feet high and
for the most part the rock is massive. Wherever the erosion has
not been so rapid as at these places, cross bedding is a striking
and characteristic feature. Horizontal beds from a foot to many
feet thick are made up of small “cross” beds from 1 to 3 inches
thick. In other cases a series of beds 6 inches to a foot thick
form the cross beds in 5 to 10 foot layers. This cross bedding is
g fea’éuge common to the formation wherever it has been
escribed.

WEATHERING

In weathering the general tendency is for the color to darken.
This may be so extreme as to cause the black color mentioned
abovg. In a few cases the color becomes lighter on weathering,
and instead of the buff or black color, the rock becomes yellow

PLATE XII.

THE THREE SISTERS.

DAKOTA SANDSTONIE EROSION ¥FORMS, FIVE MILES EAST OF KENTON.
or even gray or whitish. This last sort of weathering is more
noticeable in the outcrops on the Currumpa and Cieneguilla
creeks than in those on the Cimarron River.

The' fantastic forms made by erosion, while found also in the
Purgatoire to some extent, are much more common in the Dakota.
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There are many areas in which there are groups of pinnacles re-
sembling the columns of a Greek temple. The “Three Sisters”
pictured on Plate 12 are good. examples. They were formed by
the erosion of material along more or less vertical joints, which
left the rock between as pillars. In every case there is a cap
of iron oxide protecting the top from erosion, and the horizontal
position of the small layers, which make up the cap, shows that
the iron was precipitated along bedding plains of horizontal beds,
thus allowing erosion to take place only along the less protected
vertical joints. These forms have developed on the cliffs along
Cimarron River where the rock was not firmly cemented. Two
areas in which they are well developed and readily accessible are
in the northeast corner of T. 5 N., R. 3 E., and west of the Boise
City-Springfield road, in T. 6 N., R. 4 E., about 114 miles north
of the Bickel crossing on Cimarron River. Where the rock ts
better indurated, other unusual forms sometimes develop. Such
is the “Tea Kettle,” just north of the state line in the Gillenas

PLATE XIII.

OLD WOMAN'S HEAD. ) )
TMROSION IFORMS IN DAKOTA SANDSTONL, SIX MILES ISAST OI° KENTON.

Canyon, about one-half mile from Regnier Postoffice. Another
such form is the “Old Woman’s Head,” Plate 13, about 115 miles
east of the “Three Sisters” in the NW. 14, sec. 15. T.5 N, R. 2 E,,
and can easily be seen just north of the Kenton-Boise City road
where it descends from the west into the valley of South Carrizo
Creek.
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RELATIONS

The Dakota sandstone lies with apparent conformity on the
underlying Purgatoire formation. In some places there is an
abrupt change from the top shale of the Purgatoire to the sand-
stone of the Dakota, but in others there is suggestion of a tran-
sition in the form of sandy shales at the top of the Purgatoire,
and of thin bedding and lenses of carbonaceous shale in the bot-
tom of the Dakota. Such a gradation is best illustrated by the
section on Currumpa Creek (p. 46). It will be noted that the
top of the Purgatoire here is thin bedded, shaly sandstone, with a
bluish color due to organic matter, characteristic of the upper
shales of that formation. Shale lenses and blue, sandy shales

were also noted in the base of the Dakota at 101 Hill, sec. 18,
T.5N,R.2E.

POST-CRETACEOUS EROSION INTERVAL

At Raton Mesa, New Mexico, 75 miles west of Cimarron
County, 4,300 feet of Cretaceous sediments are found above the
Dakota sandstone. 1t is probable that a somewhat similar thick-
iness was deposited over the Dakota in Cimarron County, since
the Cretaceous sea is known to have covered this area. The
absence of these sediments is probably due to the erosion which
followed their deposition. How much erosion took place can not
be stated, as there are no means of knowing definitely what for-
mations were deposited above the Dakota before erosion began.
It was sufficient, however, to remove all of the younger Creta-
ceous strata and the Dakota in the eastern part of the county and
to develop an undulating topography with a relief of 100 or 200
feet, as is shown by the contact of the Late Tertiary formations,
with the older formations in the Cimarron and Beaver basins.

AGE AND CORRELATION

A number of leaves and stems of plants were collected
from the NE. 14 of sec. 14, T. 4 N., R. 1 E,, the E. 15 of sec. 2, T.
3 N, R.1E,, and a number of plant stems from near the SE. cor-
ner of the NE. 1/, of sec. 24, T. 6 N., R. 2 E. These, along with
several specimens collected at widely scattered localities in the
Dakota, were identified by Dr. A. C. Noe' of the University of
Chicago as typical Dakota fossils. A list of those plants with
their description is to be found on page 92.

The formation corresponds lithologically and paleontological-
ly to the Dakota sandstone described from the Raton Mesa region.
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in more than 31 of the 54 townships of the county, or 60 per
cent of the entire area.

THICKNESS

It was not possible to get an accurate measurement of the
thickness of the formation, for it does not stand in steep banks
or cliffs, and no logs were kept of the water wells drilled through
it. The drillers say that it is 180 feet to “the rock” (probably
meaning the Dakota sandstone) in a well drilled 2 miles east of
Wheeless Postoffice. A well drilled in Boise City to a depth of
168 feet encountered no ‘“rock.” At Wilson’s crossing on the
Currumpa, the thickness was estimated at 75 feet. A section
measured with a barometer at the head of South Carrizo Creek
showed 80 feet. The best section was measured with the hand
level at Nigger Springs, on the Mesa de Maya. The thickness
here was 110 feet. It is evident, from the above figures, and
from field observations that the thickness of the formation is not
uniform but varies from 75 to 200 feet. Over most of the coun-
ty, however, it is 150 to 200 feet.

CHARACTER

This formation consists of a heterogenius mixture of clays,
sands, and gravels, the last two being cemented in many cases
by a lime cement which is a very conspicuous part of the forma-
tion. There are no good sections exposed, because it is made al-
most entirely of poorly consolidated materials, so that it must be
studied from small sections exposed on the banks of the larger
streams, and from material on the surface of the plains.

CLAYS

So far as known, clays outcrop in two localities only, one
being in sec. 30, T. 6 N., R. 8 E., and the other on the south bank
of the Beaver River, secs. 10 and 11, T. 5 N., R. 2 E. In the first
locality there are 7 feet of chocolate colored clays which contain
very little grit and are very cohesive. In the second place there
is an outcrop one-half to three-fourths of a mile long, showing
two beds of clay separated by a brown sand parting about a foot
thick. The upper clay bed is 12 feet thick, but it is impossible to
determine the thickness of the lower bed since only the top of it is
above the channel of the stream. The material is a massive, dark
brown clay which contains flecks of black material caused by

organic matter deposited with the clay. These clays also contain
little grit.
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PLATE XIV.
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PLATE XYV.

LATE TERTIARY FORMATION, SIXC. 30, T. ¢ N, R, 8§ I8
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Table Showing Character of Tertiary Pebbles in
Cimarron County, Oklahoma.

Nigger Sec.22 Sec. 32 Sec.22 Sec.35 Average

Rocks Springs T. 4.2 T.,5.6 T.5.9 T. 1.8
Quartzite ......cceeee 36 39 42 46 32 36.6
Vein quartz ........-- 7 25 8 13 30 16.6
Quartz schist ........- 5 5 1 2 2.6
SchiSt «vovvevrosronsns 7 14
Unclassed metamorphic 4 0.8
Quartz mica schist.... 4 11 4 7 10 7.2
SIAte » v 3 1 1 1.0
Hornblende schist .... 1 0.2
Granite .. ... e 3 4 6 6 4 4.6
Syenite .. ..ooviieee e 9 1 5 5 4.0
Felsite «v.eovevevrenees 9 2 2.2
Basalt «. coeeriienes 5 1 1 5 2.4
Felsite porphyry ...... 5 1.0
Basalt porphyry ...... 1 7 3 1 2.4
Basalt vesicular ...... 1 5 1.2
Sandstone ........ocn 6 6 7 7 5.2
Sandstone like Dakota. 14 15 5.8
ATROSE .. cvvrerornens 1 0.2
Feldspar plagioclase .. 1 0.2
Feldspar orthoclase .. 1 0.2
Chert (wood?) ....... 1 0.2
Chert .. cooevreeronnns 7 1.4
Flint.............'... 1 0.2
Hematite .. ..ot 5 0.1

1t will be seen that many sorts of rocks are contained in these
beds, some from nearby formations, and some from a distance.
An average of 67.4 percent of the rocks is metamorphic, 18.2 per-
cent igneous, and 14.2 percent sedimentary. The igneous and
metamorphic rocks, with the exception of the basalts, must have
come from the crystalline rocks which form the core of the Rocky
Vountains in southeast Colorado and New Mexico, as there are
no such rocks exposed between these mountains and Cimarron
County. This means that they were carried at least 180 miles
from the nearest mountains, the Sangre de Criston Range in
New Mexico, to the western edge of Cimarron County, and 234
miles from those mountains to the eastern edge of the county.
‘he basalts are evidently from the early Tertiary flows in New
Mexico and southern Colorado. That they are not of the same
age as the flow which forms the cap of the Mesa de Maya is
shown by the fact that they are found in the gravels lying under
{he cap of the mesa. A large proportion of these basalts is of a
larger size than other igneous and metamorphic rocks in the
gravels. The 14.2 percent of the pebbles of sedimentary rock
consists, for the most part, of sandstones, many of which came
from the Dakota sandstone, while the rest probably came from
that formation or from one below it. The chert did not come
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from any nearby formation, but probably from older limestones
toward the mountains, or from gravels of the Purgatoire far to
the west. In all cases the chert and flint pebbles are small, never
over half an inch or so in diameter, but the sandstones vary
greatly in size, some measured in sec. 30, T. 5 N., R. 6 E., being
from 11 to 2 feet in diameter. These large masses are angular
and evidently have been carried only a short distance, as they
are not firmly cemented rock. The smaller pieces of sandstone
in some cases are well rounded, and in others rather angular. In
one conglomerate ledge, in sec. 30, T. 5 N., R. 6 E., many pieces of
limestone and an oyster shell were found which came from a bed
in the Purgatoire not more than a mile away. By combining per-
centages, it can be seen that about 85 percent of the pebbles came

from a distance of 70 to 254 miles, while 15 percent came from
nearby.

Another thing to be noted from the above table is the uni-
formily of material in these gravel beds in different parts of the
county. In the order in which they are given, the counts form a
series taken at intervals of about 15 miles from west to east
across the county. It will be noted that everywhere quartzite and
vein quartz are the most abundant, making about 50 percent of
the pebbles. Metamorphic rocks other than quartzite are every-
where present, and form about 10 percent of the pebbles. Ig-
neous rocks appear in every count, and make about 16 percent,
while sedimentary rocks vary from 7 percent to 21 percent.

SANDS

The great bulk of the formation is composed of sand. Where
exposed, this sand is almost uniformly brown in color. The
only exception was found in sec. 30, T. 6 N., R. 8 E., where 10
feet of gray sand is exposed. The size of the grains varies con-
siderably in different outcrops. Most of it is medium-grained,
but in some instances it is so coarse as to grade into fine con-
glomerate. Such sand is exposed in sec. 14, T.2 N,, R. 9 E. An
outcrop of sand in sec. 21, T. 5 N., R. 9 E., shows it to be so fine
that when wet it can be pressed together into a ball much like a
clay, while in sec. 22 of the same township, both very fine and
very coarse sands are mixed.

The predominant mineral of the sands is quartz. Feldspars
are abundant, however, and are usually acid plagioclase or ortho-
clase. Streaks of magnetite sand can be seen in the outerop in
sec. 30, T. 6 N, R. 8 E. This is the only place where this sort of
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This is an analysis of the most firmly cemented portion of
rock obtainable, and so gives the rock as well as the cement.
However, as the original rock is largely of quartz, the above
analysis gives a good idea of the composition of the cement if the
silica is subtracted. A recalculation of the minerals of the rock
from this analysis gives 85 percent calcite, 2 percent dolomite, 10
percent quartz, and 3 percent iron oxides and clay minerals. A
study of thin sections under the microscope discloses a rock made
largely of calcite with small grains of quartz scattered through it.

In most of the outcrops there is a graduation from brown
sand at the bottom of the cliff to a hard, dense cap of rock of the

sort from which the above analysis was made. The following
sections illustrate the change.

Section of Late Tertiary Formation,
sec. 17, T.1 N.,,R. 3 K.

Top— Ft. In.
LAMeSTONE CaAD + o\ttt e it ettt s e e e e e et et ey 1 6~
Limestone, concretionary, contlains inclusions of brown sand

with stringersof litne ........ .. ... . i, 127 0~
Sand, brown, very full of lime stringers which run both hori-

zontally and vertically. Grades into zone above........... 5" 0”
Lime, concretionary with sand grains ...........cvvnvenven... 2" 0"
Sand, DIrOWN ..ot i e e e 1 0

Sand, brown with lime stringers at bottom, stringers increase
in number; top is nearly all lime ........................ 30"
Lime layer 1

................................................. "o
25’ 6"
Section of Late Tertiary Formation,
sec. 10, T.2 N, R. 5 E.

Top— Fi. In.
LAMEStONE CalD v ottt e e e e e e e 10"
Limestone, rubbly. IL.ime becomes less toward the bottom and
Top— Ft. In,

grades into section beds below it ....................... 15" 0"
Rubble, limestone, and sand. Sand increases toward bottom;

filled with lime stringers ..........c it vnnnnn.. 11" 0”7
Sand, brown with 4-inch lime layers .......... ..o, 4" 0"
Conglomerates. Pebbles in pockets in brown sand............ 4" 0"
Shale, brown, very few lime stringers. A 2-inch lime layer at

DA i e e e 12" 0"
Sand, brown with a 1-inch lime layer at base.................. 1’0"

TOtal .. e e e 48" 0"

~In the lower part the sections contain brown sand with
strm'g'ers of calcjum carbonate running through it, sometimes
vertically, sometimes diagonally, and where there is a definite
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y ate is contained in the waters which ar it isi
due to capillary action. On nearing th e o
by the evaporation of 'the water gT e e recipitated
¥ | ap . his process is ill
Nigger Springs on the Mesa de M i ic ueiiated at
_ , where a trail i 3
the talus deep enough to ex the sa Bt Larough
he ) g pose the sands of the L i
formation. At present there is a cemented layerag(\a)voT eirrfclzi?s’

thick the T ; . !
made.on he face of this cut, which has formed since the cut wag

The cementing material is ver i

_ . _ y soluble, as i

g}llzngrf 1ints;c]aéncetshmbwa1ch rootlets and twigs are fosn?ih\(z)v?’fcrlll :}(Izozle
ar the bottom of small banks of sand i ime.

stone. Where it has been crushed and o e

dissolves and is reprecipitated aft f{m us:ed T road_ materlale "

a hard surface much like concre’ce.eI the first few xains, form} ne

This ready solubilit 5

' 02 3 y causes downward moveme

gimer}ct during rains. Wherever impervious layers arll"engogrfldt}ilg
an outcrop, the cement tends to concentrate at their tops. The

following section t in
will illusérate: aken in the NW. 1. of sec. 30, T. 6 N, R. 8 E,,

Section of Late Tertinry Formation
sec. 30, T.6 N, R. 8 E. '

Top—
gm\éel bed, heavy limme layer at base. ... I;t %)B
ands, coarse and fine, lime layer ¢ ase, 3 or 4 small 1 ime '
. ienses higher up .......... y v At base. 3 ov 4 small 11melO’ 0"
‘lays, chocolate. Very thin 1ime. lue .....................
Jays 3 aver at base...... ro”
Clays, chocolate; no lime layer at base, Sand................. é' 8"
25" 0

At the top of shale beds thereis al i

.oAt ' ale ayer of cal g
?hilraéc’glsogl?stﬁn ullch thick, at the bottom of the cofllgl'llglmcei'laﬁznggs

! other layer, one to several inches thi
’ci}e’zce Ii:Irossmg on Beaver River, near the NW. (‘}gﬁflerAsftsgcccig-
L ’th' R 4 E., cement can be seen to have worked its way d.own'
it (; e joints in the underlying Dakota sandstone. In but two
;ﬁsa 3§c§2dwfas c?inglclc%rﬁlerate found cemented, but in almost every
ound at the surface, coatings of calcium b

many of the pebbles indicated that it had b fied through
this coarse material to lower parts of the for:;lear.}cif)?lx.‘rled through
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This downward movement is evidently the cause of the very
dense caps of limestone, for they are always at a place where
erosion is rather active, as at the top of the stream bluffs. The
bluffs of the Beaver and Cimarron valleys are thus topped along
much of their courses, and the same phenomenon can be seen
where small streams have cut into the surface of the plains.
Away from these places the same concentration occurs, but the
dense cap is not formed, the concretionary rubble being on top
where excavations have exposed it.

Johnson' states that these lime beds represent various levels
of the water table, having been deposited at such places as hard
pans. A glance at the various elevations and different dips of
the cap rocks in the cliffs of the lower end of the Beaver Valley,
and the universal presence of the cement near the surface of the
plains show that the present position of these beds is not caused

hy precipitation at the surface of a water table.
CONGCLUSIONS ON LIME BEDS

A study of this cement in Cimarron County leads to the fol-
Jowing conclusions:

1. Tt is a concentration product, precipitated near the sur-
face by the evaporation of capillary ground water.

9. Room was made for the added material by the force of
the recrystalizing calcite which shoved the sand grains apart.

3. "During rains there is a downward transportation of ce-
ment. This is probably the cause of the dense concentrations in
the cap rocks found in the cliffs along streams.

4. The cement was not deposited as hard-pan above water

{ables.
RELATIONS

The Late Tertiary formation lies unconformably on the Da-
kota and Purgatoire formations and probably, in the extreme
castern part of the county, on the red beds. It lies on the Da-
kota as far east as the east end of T. 5 N, R. 6 E., in the Cimar-
ron Basin. Here the Dakota is abruptly cut off and to the east
the Late Tertiary formation rests on the Purgatoire. It is
not seen to rest on the red beds, but it is reported that the red
beds appear in the channel of Cimarron River just across the line
in Colorado, at which place the red beds must be directly overlain
by the Late Tertiary beds because the base of the latter is near the
bottom of the stream channel where it leaves Cimarron County.

1Johnson, W. D., The High Plains and Their Utilization; U. S. Geol. Sur-
vey; Twenty-first Annual Report, pt. 4 Pb. 639-657, 1899-1900.
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The patches of Dakota outcropping on the Beaver River at the
concrete crossing, and on Currumpa and Cieneguilla creeks, are
the tops of some of the hills formed by the post-Cretaceous

erosion. These hills rise about 60 feet into the Late Tertiary
which surrounds them.

The Late Tertiary formation is at the surface wherever
it occurs except in the Mesa de Maya, where it is overlain by a
basaltic flow.
AGE AND CORRELATION

This formation was followed 6 or 7 miles north of the
State line and was found to connect with what Darton' mapped
as the Nussbaum-QOgalalla formations, and which were designated
as Nussbaum-Ogalalla-Arikaree on the geological map of
Colorado published in 1813 by the geological survey of that state.
The beds in Cimarron County have the same lithologic characters
as the Nussbaum and Ogalalla of Colorado and the “Mortar Beds”
of Kansas and on this basis could be correlated with those beds. If
such is the true correlation the formation should be given the
name Nussbaum which was proposed by Gilbert’ for the part of
the beds near Pueblo, Colorado, in 1897, as that name has priority.
The correlation, however, is not sufficiently certain to warrant
using this name for the beds in Cimarron County and therefore
they have been designated simply as Late Tertiary formation.

That this formation is Tertiary is shown by its uncon.
formable relation with the Comanchean and Cretaceous forma-
tions, and by the character of the materials. The uneven surface

on which they rest is the result of the erosion which followed the

withdrawal of the Cretaceous sea, and the movements which gave
rise to the Rocky Mountains. The same erosion surface can be
traced into New Mexico, and is visible in the unconformity be-
tween the Cretaceous formations and the Raton formation, known
to be early Tertiary, in the region of Raton Mesa'. The crystal-:
line materials, such as quartzite, schists, gneisses, and bits of
feldspar, were derived from the cores of the Rocky Mountains,
for there is no possible source of such material east of the moun-.
tains. This means that these materials were deposited after the.
close of the Mesozoie, for the site of the present Rocky Moun-
tains was the seat of deposition during that era'.

Darton, N. H., Geology and Underground Waters of the Arkansas Valley
in Eastern Colorado; U. S. Geol. Survey, Prof. Paper 52, Plate VI, 1906.

*Gilbert, T. K., U. S. Geol. Survey, Pueblo folio (No. 36), p. 4, 1897.

*Lee, W. T., Geology of the Raton Mesa and Other Regions in Colorado
and New Mexico; U. S. Geol. Survey, Prof. Paper 101, pp. 55-56, 1917. .

‘Lee, W. T., Relation of the Cretaceous Formations to the Rocky Moun-

tains in Colorado and New MNexico; U. S. Geol. Survey, Prof. Paper 95, p. 32,
1915.

LATE TERTIARY FORMATION 69

t they are not early Tertiary is evidenced by the abqnd-
anceTz‘:;laél var)i,ety of the basalts in the gravels, wl_uch are 1}11tt1e
weathered in most cases, and many of whlch are Vesu_:ular. TC else
basalts are from flows of Tertiary age in New Mexico and o of-
rado, probably late Eocene or Miocene, as that was the t1rr11§_1(1) 1
most extensive vulcanism in this part qf 'the continent. 1t hs
places the flows in the region about Trinidad, Colorado utlh e
late Eocene and Neocene. These basalts are older thaﬁl ose
which form the cap of the Mesa de Maya for many of t éarp %}I;e
of a different composition, and pebbles of basalt were found in the
gravels on the mesa below the basalt cap.

. . . ch
\s no fossils have been found in Fhese formations whic
woulgsaid in placing it, its age mu§t be judged entirely fro%?l its
stratigraphic position and the ev1c_1er}ce of the basalts.Pl. ese
two lines of evidence seem to place it in the Miocene or 1oceneEi
the latter being the more probable because of the abundance an

variety of the basalts’.
ORIGIN

notion of the origin of the vast .sheet.of Tertiary

rock rgv}ileic(ﬁ%ies on the Great Pl.ains,‘ and of which this fﬁ)rmaéc;gg
is a part, was that it was deposited in a great lake whlc1 cov1 °d
this part of the continent. The .lake_ was pqstulated arge yth
account for the lime cement which is prominent wher&xlletr_: thz
rocks occur’. However, further study made it clearl. a b
heterogeneous mixtures of gravels, sands, clays and ém.y i% 9(;
ments could not easily have been formed in a lake, and In 896
Gilbert’ suggested a stream origin f_ox_‘ the formation mTwets_
Kansas. Haworth’ in 1897, gescrlblr(lig ﬂllgctllgalrzﬁii ] (ﬁfnlszt)rgi,

i imilar origin to them, ana a IItUE : : ,
?L?t:g;b:sc;resful study ogf the Great Plains, described in detail the
manner in which such a deposit would be found.

. . . d
ding to his description, a .sheet of debris was sprea
in frﬁlsgoorf thg Rocky Mountains during the Tertiary epoch, just

i io (No. 58), p. 2, 1899.

Hills, R. C., U. S. Geol. Survey, Elmoro folio ( ) )
”IS-Iilrlxcse the manuscript for this bulletin ha.(gi t;ee? wri%zg;lgvggtlill);‘;t% f((l):-
i been collected by Dr. John T. Lonsdale from ,
ilcl)fnga;%out 100 miles east of Cimarron County, in what1 appg?rgutl?v;’e tt‘k;;
same’formation. Miss Julia Gardner of thef It{] Sb.e(geo oglc

i ified the fossils as indicative of the age o e . )
ldenzig;(;;,tci Geological Explorations of the Fortieth Parallel; vol. 1, p. 451,

78"Gilbel't, G. K., The Underground Water of the Arkansassviélgegligxgéiast-
ern Colorado; U. S. Geol. Survey, 17th Ann. Rept., pt. 2, p. 578, .
*Haworth, E., Op. cit., pD. 251-284.
“Johnson, W. D., Op. cit., . 643 et sedq.
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as similar debris is now being spread about the mountain ranges
in the Great Basin. The streams flowing from the mountains
deposited their loads on the slopes below the mountains, forming
alluvial fans which finally met, making an aggraded slope com-
posed of stream debris. The streams deployed more and more as
they flowed away from the mountains and constantly aggraded
fheir channels till they were forced out of them into new ones.
This action went on till the surface of the Great Plains was cov-

ered with a great sheet of stream deposits long distances from
the mountains.

The mountains to the west caused an arid or semi-arid cli-
mate in this region, so that the waters of the streams were evap-
orated, causing the precipitation of the salts carried in solution,
a large part of which were loaded with lime. This lime was dis-
seminated through the deposits when precipitated, but has been
dissolved by ground water and reprecipitated near the surface
when the water evaporated, as has been explained. (P. 66.)

TERTIARY IGNEOUS ROCKS

‘BASALT

The only igneous rock in the county is a basalt flow in the
extreme northwestern part, capping the Mesa de Maya (Black
Mesa), two miles north of Kenton. The remnant of the flow pre-
served on the mesa is a long, narrow tongue of lava half a mile,
more or less, in width, and four miles long. It enters the county
in the northwest quarter of sec. 6, T. 5 N., R. 1. E., runs east
for half a mile and then turns into a northeasterly direction to

the north line of sec. 33, T. 6 N., R. 1 E., ending about the middle
of that line.

Its thickness was measured in the south side and again at
Nigger Springs, which is on the north side of the Mesa on the
State line. At the first place it was 50 feet thick and at the
latter place 66 feet. Gould' gives a thickness of 100 feet for this
part of the flow. The difference in these figures is due in part
to the thickness of the flow in different places and in part to the
fact that the contact of the flow with the underlying sediments is
difficult to locate exactly, being covered by a thick talus.

The lower part of the flow is massive, very finely crystalline
rock, with major joints which break it into 10 foot blocks, these

'Gould, C. N., Geology and Water Resources of Oklahoma; U. 8. Geol.
Survey, \Vater-Supmy Paper, 148, p. 82. 1905,

TERTIARY IGNEOUS ROCKS 71

i e instances are broken by mir}or Jomt_s into 2 foot
E%g(cﬂl«{{:m'rioenj}oints have no persiste:'nt dizection, and in most fczﬁle;s
the faces of the blocks are conch01da1: In some por'thns 8 1 is
part of the flow there are patches whl_ch have been JOlptﬁE 1(1;1"1-
zontally, the joints being 14 inch to 3 inches apart, whic tmaT }elz
the rock appear layered for areas of 10 to 30 square feﬁ[1 . e
upper part of the flow is very black basalt, dense for t]i n;os
part, but with much vesicular structure, especially near ef t0}11)
Vesicles appear, at rare intervals,.25 feet from the bottom o : ei_
flow and increase in number until they make up a large part o
the volume of the rock toward the top.

rock is olivine basalt with ophitic texture. It is com-
posedT ]r(l)e% about 45 percent labradorite, 45 percent augite, 7 p}(ler-
cent magnetite and 1 percent olivine, a large part of ‘Whlch' ?s
been altered to iddingsite. The lower part of the flow 1s ep‘}cllrfhy
crystaline. The labradorite laths average 0.2 mm. in lengt e
augite crystals 0.1 to 0.2 mm. in diameter, t}Lle olivine 0.425 1;_1111.,
and the magnetite 0.099 mm. The upper part of the flow is chmlar
orained and contains considerable. glass between the cryslgts,
\ONhich can only be seen with the aid of the microscope. Ca che
is found in thin sections from thg upper part of the flow, }113ar: y
filling the small vesicles. It is evidently _the result pf weat] erlnﬁ
of exposed portions of the flow. A chemical analysis of this roc
made in the laboratories of the Oklahoma Geological Survey give

the following result’.

lysis' of Lava from Upper Part of Black Mesa, Cimarron
Analysis’ of County, Oklahoma.

Percent
P 50.96
B 17.54
ALO, . ove o T
Fe:O:; ............................................. e
TEO oot e i
FoLY s T o
Na,_,o .............................................. 054
K20 ............................................... oo
H_,O— .......... e
H_lo-l— ............................... .
THO, wovvvree e L
B0y e faint trace
PC; ............................................ 0.54
205 «rer e ot
SO e

'Analysis by A. C. Shead, chemist for the Oklahoma Geol. Survey.
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O Percent
P n.d.
g n.d.
o, 0.08
quu .............................................. 0.04
Va0 e n.d.
MIO o 00.00
BaQ .. 0.15
SO | 00.00
Tio 00.00
O s 00.00
99.62

AGE

The sands and gravels of the L ‘erti

_ ; : ‘ ate Tertiary £ i

g:.nf%heﬂlla\‘afthl oughout its extent in CimarronyCoolfrrlrtl;tlo?tUil:(iel"-

that,for(:;l etpre, that the eruptipn of this basalt took blace afggz-'

that Tertiirlj(z)r%o};-?r?a'ggin _depfosyic:id. I\}It has been shown that the

: is of either Miocene or Pli
t?;fefmre kt)h% lro_w must have occurred either very ;gﬁgr;i %}glg,’?gl
Theyf’lgwo n?us%, ﬁgvihgci’hocedn% ?r in the very early Quaternary-
ccurred before late Pleist :
leys of the West Carrizo and its tri ios have cut, o e
_ tributaries h

basalt, forming several rnesa1 ; e e ugh the
: , . s in southern Colorad jor

part of the cutting of these valle i Plei aderihy

pat! _ vs was done in Pleist i

p?a;i Se\(fldenzced by the presence of elephant bonezlsir?cflrlle? Eg:)?i’

plain ‘thgpbe gl 1?1?31 g7gt t}'ll‘helgffore, the flow must have occurred

_ ) { the Pliocene and bef th
Pleistocene. Since active erosi e o it
cene. f the Great Plai an wi

the Pleistocene’, and since alcl)sém'1 o i e e,
¢ ene’, . vidence points to the f i i

this flow before erosion began, it would seem more pr?;‘kig%}?:eoghgi

the lava wa ; P .
later s poured over this region in Pliocene time rather than

SOURCE OF LAVA

As shown in the section on th i

. ' C e physiograph

%SO 8(())pf ézta;t eizzsentle}clly flatdsurface having agn ell)e\?’at(;f)r;c }(1& ;ri)eosl?é

3y . western end, which is some 50 mile

r(/)easl‘lcl %f]e(‘),;rgiarg? fgg(!)l?’, 1i:n tCptlorado. From thisspgzt)c:i—f1 ?tn(ﬁ?ggé

_ ] , eet at its eastern end in Ci !

ty. Ten miles west of the ; L e
' 1l east end of the mesa t

%puliltisé of 11);%neous rock _which are known as Staheh%:raégvgilref

ek ;)rf aﬁngy Mquntam. The surface slopes away from these

irections, and at a distance it is plainly seen that

Johnson, W. D., Op. cit., p. 631,
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these are the highest parts of a great hill some 5 miles across at
{he base and roughly circular in outline. The rocks found on
these slopes and in the spines are massive and vesicular, red and
black basalts. The physiographic evidence and the character of
the rocks suggest very strongly that these are the cores or vents
in an old volcano or cinder cone which have been largely worn

away. They are probably the vents from which the lava forming
the cap of the Mesa de Maya was extruded.

RECENT .DEPOSITS

Recent deposits have been formed by the two major streams
and their larger tributaries, and by the work of the wind. The
Cimarron and its larger tributaries have flood plains half a mile
to a mile wide. Most of the alluvium is sandy, but some of it is
loam and clay. The sandy material increases in proportion to the
clay in the eastern part of the valley. Along Beaver River, for
almost its entire length, the alluvium is composed largely of sand
which is blown about by the wind whenever the water is low
This forms dunes, which makes it difficult to separate the stream
deposits from wind-blown sand.

Areas of dune sand occur in several places. Most of the
dunes are covered with vegetation and therefore are fixed, but
others are almost bare of vegetation and the sand is in active
movement. The dunes are all post-Tertiary, having been blown
up from the sandy phases of the Late Tertiary formation. While
there is a possibility that some of them were formed in Pleisto-
cene time, it is certain that many of them are still forming and
the probabilities are that they are all Recent and are so classed.

The largest area of dune sand is along Beaver River, for
nearly its entire length in Cimarron County. This is an elongate
area, 45 miles in length and varying from 1 to 7 miles in width.
Though Beaver River flows through this area, only an extremely
small part of the sand was furnished by the stream. A second
large dune area is on the plains in a belt about 3 miles wide, run-
ning diagonally from the extreme gouthwest corner of T.3 N,, R.
3 E., to sec. 17, T. 4 N,R.4E, ending on the east side of Cold
Springs Arroyo. A third large dune area lies in the northeastern
part of the county near the place where Cimarron River leaves
the county. Itis continuous from secs. 14 and 23, T. 6 N, R.TE,
eastward to sec. 13. T. 6 N., R. 3 E., except for the gap, about a
mile wide, caused by Cimarron Valley. The eolian sands are
white in some places, but in most they are brownish in color _hke
the prevailing color of the sands in the underlying Late Tertiary
formation from which they were derived.
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A generalization might be m i

‘ ] ade by saying that

Sﬁg)ssf;s liie on Cretaceous and older forma%ions r;l}ée;recgi%ept

most’sta}n s, 3nd gravel beds in about the propoi‘tion founda!n
ream deposits, and where they lie on the Late Tertiall';

formation they are com
Y & posed, for th
over by the wind or by wind and Surfz(‘r:govig&air.‘t, of sand worked

GEOLOGIC HISTORY

The geologic history of the region in i i

. . . . o w
ﬁlohsnfl‘guated is rathe}ﬂ closely tied up wit}lllm&lagcu:)l? rg}?él lggul?-'
Mour 12;11(1)131 . V_Vhen sedlme_nts were being deposited on the sitg o)f
these and] alllns, the region here described also received sedi
erosioh when mountains were formed, the debris from the'-
erosior xév}?s sprea'd over this country. The folding of the -

ns to the west is reflected here in slight undulations of sntlrc')al:ltr;.-

The mountains h i :
do today. ave always influenced the climate much as they

THE TRIASSIC (PERMIAN?) PERIOD

According to Lee', mountains w

' B ere folded on t i
(t?}l;ethe 1}30(_:(li<y Mountains at the close of Pennsylvar}llinll) lcceifr?él ' SlOt ,
the east side of these mountains, which were probably as hi; h s
the Ir)rfeser’ét _Rockles, there was an arid area to which debris%:‘ m
the g;na3é11?0vgiz vzgshed a’rIl‘i dedposited, forming the red ggg;

s ( ay. e depositio
through the Permian and perhaps thlz, Tria;,lsig fPéfi%dbeds fasted

After the deposition of the red b

o : eds there w i

;grl}lgm1ir11l g;di)e} i(}al%u}r& rg.)s ;i}ée vyre}f_t, at 'thf end of thea’%r?asélsligchgf okl)(i:

folds a mile or less across anlg IYV T s fort to S5 uto entie

f ) ¢ SS across, rom a few feet t

1]1; glekz)lege}lllt, w%tlg (_ilps of 314° to 6° on the flanks. (’)I‘ill(e)geofrolzdosohf:\?z
noted in the county, but are plainly visible a few miles

up the Cimarron Valley i i it i
the disturbances were f}e,lélileljg.w Mexico, and it is probable that

After this slight folding, cam i

ling, e a period of isi i
3?;:1:5 off Ethe tops of the folds just formed, and ca?lrs(:as(;qcrlllevz};ﬁh
furass k;lcy"'( )r}e}ffs)fosI?&gsitgne to be deposited over them unconﬁi'
. . ; n appears to be absent i i
County, where erosion probably continued till the (;:pocsliiri]g;rg]t}

‘Lee, W. T., Early Mesozoi i

i Qi th 4 ¢ Physiograph

tdm&eimlthsé)‘man Miscellaneous Colleztiorr)ls?v(gl.tgg ?\J%utf eLI)‘HSR(ngi{y Moun-

and New' V\VIV' L .Geology of the Raton Mesa and Otﬁer i{e’gio.ns, i g
Mexico; U. S. Geol. Survey, Prof. Paper 101, p. 62, 1917 n Cotorado
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the Morrison beds in the western part of the county, and the
Purg‘atoire in the eastern part.

COMANCHEAN PERIOD

By late J urassic or early Comanchean time, the ancient
Rocky Mountains had been beveled down to a peneplain, which
oxtended from somewhere in southern Utah as far as the middle
of Cimarron County and probably farther east. At the southwest
edge of this area, there was a land mass which, though low, was
supplying sediments to streams, which in turn were distributing
them over the flat and marshy lowland. Here and there on the
plain were lakes, and in these lakes limestones were deposited.
SQuch was the physiography of this country at that time as de-
seribed by Mook'. The stream deposits of late J uriassic or early
Comanchean time, formed the Morrison beds which reached to
the western part of Cimarron County, but probably not farther
east than Range 4. In the meantime the eastern part of the
county probably was suffering erosion. One of the lakes, postu-
lated in Mook’s description of the origin of the Morrison forma-
tion, must have covered the western end of the county, for thert

limestones are exposed.

Sediments were still contributed from the west to the area
here described when a shallow sea crept in from the east or south.
Some changes in the condition of the land to the west occurred,
for instead of the fine material which the streams had been bring-
ing, there appeared sand with feldspar and occasionally gravel.
These were worked over on the sea shore to form the thick layers
of white sandstone of the Purgatoire formation. The finer ma-
terial was carried out to sea, forming the shale beds between the
sandstones found farther east in the same formation. There
probably was considerable oscillation of the shore line, due to the
differing amounts of sediments furnished to the slowly sinking
sea floor, or to diastrophic movements, as shown by the alterna-
tions of sand and shale, especially in the eastern part of the area.
Finally the sea shore moved westward, at least as far as the
Rocky Mountains, and the black shales with the characteristic
Comanchean fauna were deposited. It was apparently not a deep
sea, for there are layers of sandstone and sandy shale in its de-
posits. Ata later stage, probably with the withdrawal of the sea,
coal marshes and the so.called “fire clays” were formed in the
extreme western part of the county.

CRETACEOUS PERIOD
In the early part of the Cretaceous period, sands which were
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probably the result of a lon i
: g continued weathering
xgigrre;vgsi?;:g ]?)?rt'(c)hgh\?v Df.ikotia stz}Llndstone by tilréga()cii%f%?rf()fsi(ssli
, ind. In the Raton Me i i
west, there was a great thickness of Cretaceoussrigﬁﬁggégi()mlgrll{ceqs

and it is probable that th i
deposited sediments hert(ee ﬁsrg? sea covered Gimarron County and

At the close of the Cretace i
- taceous period th i
t}l;zrergccu}c"rﬁd the great d_1astrophic movemeerffs :Vvllfl}éﬁr?y ang
the 11:30 bseczen qcky _Mounta_ms. The effects of these move rmel:c
seen in this area in the eastward tilting of all therg?(ril'ei

formations, and i :
scribed (p. 77)11 in the undulations and small folds later de-

TERTIARY PERIODS

After the post-Cretaceous foldin i
_ ] g, sedimen
Isz};c:(r)lﬁg irrlleﬁlll t}ée; newly formed mountains, but tht:rg evgza? I?gcclilén o
oon in 1 rq 1rzclﬁrron County_area till the latter part of the Tpo-
tie m'a o éng e early ’_I‘ertlary the country was eroded il
all, mar %'etaceous sediments were removed and a gentl o
dula sa%l glslgogge wa%;c hformed. This is shown by the higll;1 o%r Bg-
wota sandstor 0(111 e Currumpa and Cieneguilla creeks an&
Late Tertiary, (ifilzs ck:gt ch}lllz %o;ﬁl;zctness ensaich the overlying
the eastern end of the Cimarrorcl) %;rllélyPurgatmre formations in

By the Miocene or Pliocen i
o e period the wash f
E;lnnds 2{?3 rerach?d the area hgre described, and grea? I(;lu;.}rll%i’?ilg un£
sand a ng.z}:\}/le were deposited, filling the valleys and for S0
a sheet ov lw erg ;E?tlie surfa}fel Iof the county. Streams froriln }crlllg
me A _ ) y or wholly evaporated i i i
1rid climate which existed here at thre)tt time,lgn%1 %ggz)(iiggds?inr;:

carbonate which ws '
garbonate ich was later concentrated to cement parts of the

Shortly after the deposition of th
¢ e Late Terti i

gﬁizegélz.;lgdbefor? erosion had begun to wear aﬁf;);}fgrslﬁiﬁmn
thus forme , a }c]ﬁ c'ano, now known as Piney Mountain somea5c(e)
miles to th 1anor }wl;gest of the pounty in Colorado, sent (;ut a flow
oF bas countva which flowed into the extreme northwestern ed0 “
oo ytcove_rn}g several square miles. The date of ’chg:e
Pliceene, This was part of the cloing ouiburets o pesring the
canism throughout the Rocky Mf)grslztgignorlggil:)ﬁls fs of Tertiary val-

STRUCTURE T

PLEISTOCENE AND RECENT

The entire history following the time of the basalt flow has
been one of erosion. The streams had not taken their present
courses at the time of the lava flow, but must have begun to flow
in these channels shortly afterward. Before the Pleistocene peri-
od had passed, there must have been a considerable valley carved
by West Carrizo Creek, for the bones of an elephant were found
in the flood plain deposits of that stream just north of the Colo-
rado line. The relatively greater amount of erosion during the
Pleistocene than since, was due to the fact that the climate of the
region to the west, and possibly of this region, was more moist
during that period than now. This sent larger volumes of water
down the streams and carved the valleys to their present size.
With the close of the Pleistocene period the climate became more
arid, and the streams eroded their valleys less. Since that period
the surface changes have not been great. The wind has blown
the sands into dunes and the basins have been developed or en-
larged by the downward percolation of surface waters and by
wind erosion. The present configuration of the surface, there-
fore, is the result of erosion which has taken place in a very short

time, geologically speaking.

STRUCTURE

The formations of this region have suffered little folding
since their deposition, but nevertheless the same forces which
developed the Rocky Mountains made themselves felt here, tilting
the beds and developing relatively small arches and troughs.
These structures are only visible in areas where formations older
than the Late Tertiary outcrop, namely in the basin of Cimar-
ron River, and in the small patches on Beaver River and its
tributaries. So far as geologists have been able to observe the -
Late Tertiary formation shows no effects of diastrophism.

The general dip of all formations is toward the east, the beds
pitching at about the same rate as the surface of the plains (18
to 20 feet to the mile). On this dip, there are imposed a series
of undulations. The exact nature of these folds could not be de-
termined, because of the lack of accurate elevations. So far as
could be determined, they are roughly parallel to the direction of
the Rocky Mountains, yunning in a north-south direction across
the county. A sharp east dip at the western edge of Kenton is
the first one noticeable in travelling down the Cimarron Valley.
A dip of about the same magnitude is seen in the western side of
West Carrizo Valley. This dip carries the Morrison beds below
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the surface, and they do not r i
o face, ( reappear until the v i
Th%;k a11§e1 g:ﬁr}}e?i, gvhele they are to be seen on i%clslev);e%{e(l%lue’l:ias
They ars ¢ forle k elow the surface again by an east di . S}i Eii
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mile éne-ha]f 0 n?lln of a shallow syncline with its lowest :a.rt(ir :
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In the cross section d i
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e e SRS Wk A s Gt o o
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ot ) , _ res in the cou i
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fo prospect it 1 };)1 811. The Purgatoire limestone bed rise e;npts
the bottom of e t1r{1arron Valley at the Sloan crossing ns rto}in
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the anticline there is a drop of about 50 feet in the first mile.
The slope then changes, rising toward the south until the bluffs
of the Cimarron Valley are reached and the structure is lost under
the Late Tertiary formation. In general, this structure is a
dome with its top 150 to 200 feet above its base on all sides ex-
cept the south, where it is only some 50 feet.

Thig dome is apparently only one feature of a folded zone
running north and south, for there is a decided westerly dip to be
seen the entire length of Ute Canyon, extending south across the
valley of the Cimarron to the bluffs on its southern side. East
of the dome there are 2 aumber of small folds with dips of 5° to
100, which are apparently a part of a crumpled zone. In secs. 35
and 36, T.5 N.,,R. 5 E., a great number of steep dips, ranging up

" to T, covering areas 200 feet to a quarter of a mile in length, are

seen in the banks of the streams.

In the wrinkled zone east of the main fold and directly north
of . the dips just described, there is an elongated dome covering
the major part of secs. 35 and 36, T. 6 N, R. 5 E. It is indicated
by several low, parallel ridges which are made by the upturned
sandstone layers of the Purgatoire formation. In the center of
the structure, shales and soft sandstones are exposed, covering
an area of about one square mile. The sandstone layers forming
the rims of this structure dip at angles of 60 to 7° to the west and
south, and less to the north and east, making a symmetrical fold.

The outcrop of the Dakota and Purgatoire formations on
Currumpa Creek appears to be the top of an anticline, the crest
of which is half a mile west of the Wilson crossing at about the
middle of the north line of sec.23. T.2 N, R. 1 E. The reverse,
or west dip as traced on the black shales of the Purgatoire for-
mation amounts to 40 feet to the mile in a direction N. 45° W.
The eastern dip is somewhat less than this, amounting to about
36 feet to the mile. The stream valley has been cut at right
angles to the axis of the anticline, and the narrowness of the
outerop north and south prevents the rest of the structure from

heing seen.

Anticlines are probably present at two other localities, being
indicated by abnormal dips. One such is seen in the red beds on
the east side of a small tributary of Cimarron River in sec. 9,
T.5 N., R. 6 E., where the beds are tilted to the north at an angle
of about 100, The dips to the east and south could not be seen
because of the flattening out of the surface, which does not ex-
pose cliffs of sufficient size. A second locality is in sec. 11, T. 4
N,R.1E, where a north dip of about the same magnitude is t9
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be seen in sandstones and shales of th i
] ; ( e Purgatoire f ion i
tributary of South Carrizo Creek. These rgay breeor?lrﬁ?)zlaolndlig:

but it is possible that they g icli i
e o y are parts of larger anticlines covering

ECONOMIC GEOLOGY
OIL AND GAS

It has been proved that two conditi
as ‘ at 1 ons are nece

?Y(I:S:’Cni)uel:.tlgoriloii oil Ea).lndbgﬁs in commercial quan'ui‘ciesssa(r {)f(')Il‘Phgll'g

L onsiderable body of shales in which th 1 igi
with associated sandstones which act irs orlglnates_,
after it is formed; and (2) there muc B O ooy e o

; . ; . st be some sort of t i
which the oil and gas can migrate and be caught in s&?f?clirelt(i
quantities to pay for its extraction. "

A study of the formations outcroppi
. pping on the i
Cimarron Cpunty, sh_oyvs that there is little hope of ex;ggf?rfg ollri
{lr:lgg;nrcnermal %%antlt;esffrom any of them, even where they are
OVer. e only formation which contain b S
shales is the Purgatoire, and it is i 't ‘these shales
; _ 1 _ e, _1s possible that these shal
might furnish a little oil and gas. So i i > fur.
nished by them, for water wells on thlznile B e A
' i ) plains which
]dekz%llltr;}i]s%g :S(Iilz]on, frgque;gily are reported to havlec t}f‘: av?z};tz(l)'
' ! owered with no respect to rainfall, the ch
in level being accompanied by a bubbling bling in the
: ) . and
& e;lllﬁz ;z;t;ss% gydgasfv;/:}ﬁlch %scapes througl% the Wgacgbh?{govlvrza\f;e
here _ eds o ese black shales in the Pu t i :
tl‘Olltln Cimarron Qounty large enough to furnish gﬁeflf?clir:n’foérlngg
g}?s 0 be commerc;ally' valuable. Neither the Morrison beds nor
¢ e red beds contain oil-bearing shales, so that if oil and gas are
b01cllnd in the county it must be from formations beneath the red
fe"st.h It is not definitely known what formations lie below them
W(;l e nearest outcrop of the base of these beds is in the Rock ;
;-13 ount‘ams, some 180 r_mles to the west', and the next nearest som)é
POO miles to the east in central Oklahoma. In both these places
ennsylvanian rocks are exposed, and it is possible that they may
Z)c;tleirrfi tt;ndﬁnéat}} Eﬁg ?(urtf;ﬁce between these two widely separa"c
S. c¢Coy’ thinks that the Upper Pennsylvani _
ered this area _anc_l devosited marine rocks corr}e,spiﬁllc?&:e’?ocgge
Magdalena series in New Mexico. In the Texas Panhandle, some

:heeé W. T., Op. cit.,, p. 39.
*McCoy, A. W., A Short Sketch of the Paleog

, t { ) geography an i i
(C‘%eo%ogy.of the Mid-Continent Oil District and Its Imporgaxfce tg gf:glgﬁz}
Geology; Am, Assoc, Petroleum Geologists, Bull. vol. 5, No. 5, Plate IV, 1921
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70 miles south of Cimarron County, a series of limestones with
some dark shales and sandstones is found beneath the red beds.
in a well near Channing, Texas, these beds are over 1,500 feet
thick. A well in Carson County reports drilling through oil shale
at a depth of 3,100 feet’. The age of these rocks is unknown, be-
cause no fossils have yet been found in them, but they resemble
the marine Permian of southwest Texas’. In a well drilled near
Liberal, Kansas, 60 miles east of Cimarron County, blue shales
are reported at a depth of 1,935 feet, which in that region is just
below the red beds. It is not unreasonable to suppose that rocks
similar to those found at these two places are present under the
red beds of Cimarron County, and as there has been production
of oil and gas at both these places, it is quite probable that these
rocks contain similar products in this county.

The traps which collect oil and gas are in most cases folds in
{he strata. Where strata are slightly folded and the oil-bearing
sand is below the level of the ground water surface, as is the case
in this area, oil will work its way upward in the reservoir rocks,
and lodge at the crests of the foids, forming a “pool.” The loca-
tion of certain of these folds in Cimarron County has been given
(p. T7). The structure showing on the surface may not be the
same as that at the depth of the oil-bearing rocks, for, as has
been pointed out, there is a small angular unconformity between
the top of the red beds and the overlying rocks in the exposures
in the upper Cimarron Valley in New Mexico.

Two wells have been drilled in the county, both in the Cimar-
ron Valley, one in the western end almost south of Kenton, and
the other north of Boise City. The first well mentioned was
drilled by the Segregated Oil and Gas Company of Oklahoma
City, in the center of sec. 22, T.4N.,R.1E. The log of the well
was not available, but from a reliable source it was learned that
the well was drilled to a depth of 2,037 feet, at which depth a light
flow of gas was struck that blew itself out in three days. From
an examination of the sludge and by comparing the depth with
the thickness of known formations through which the well was
drilled, it appears probable that this gas came from somewhere
about the base of the red beds. It is stated financial difficulties
prevented the completion of the well. The second well was drilled
by the Empire Gas and Fuel Company in the QW. corner of the
NW. 14 of sec. 22, T. 5 N., R. 5 E. This well was located on the
anticline already described (p- 78), and drilled to a depth of 1,580
feet when legal difficulties compelled the company to stop drill-

The Oil and Gas Jour., vol. 20, No. 45, p. 5, April 6, 1922.
. *Pratt, W. E., personal communication.
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ing. No show of oil or gas was found here, but the depth of the

well was hardly sufficient to be a test of the structure for even
though the top of the hole was but a short distance above the top
cf the red beds, it is probable that the well did not go through

this formation. The log of the well as far as drilled is given on
page 30.

The nearest production at present, is 54 miles to the east,
4 miles west of Liberal, Kansas. A good flow of gas was struck
some 2,500 feet below the top of the red beds. The Amarillo gas
field is 70 miles south of Cimarron County. In both the above
places the gas and oil come from sands immediately below the
red beds. From the slight showing of gas in the Segregated Com-
pany’s well and the proximity of production to the east and south,

the outlook for oil and gas in Cimarron County would seem
favorable.

It is very expensive to test new areas such as this by wild-
cat drilling without geological aid and the more detailed the
available geological information the better the chances of find-
ing any pools of oil or gas which exist. The rock structure cap
able of producing oil and gas can be worked out by the ordinary
methods where the Dakota sandstone and older formations are at
the surface. This limits such prospecting almost exclusively to
the Cimarron Basin. This does not mean that the possibility of
the existence of oil and gas under the other parts of the county
is not as good as in the Cimarron Basin, but it does mean that this
is the only region in which the geologist can work intelligently
{rom surface indications. The rest of the county is covered by
Tertiary rocks which so far as observed do not give traceable
beds, on which to determine statistics and which are separated -
trom the underlying Dakota sandstone by a great unconformity.

Since one gas well has been successfully completed in Texas
County this report should contain a section covering the future
possibilities for oil and gas in the area. There has been produc-
tion of oil and gas to the north, south and east of Texas County
so naturally the possibility of the location of oil and gas pools in
the area covered by this report is a topic of great interest.

The gas well which was drilled in the county was in the NW,
L4 of the SW. 14 of sec. 4, T. 1 N, R. 12 E,, and was developed by
the Home Development Company, a local company, with head-
quarters at Texhoma. Drilling was started November 15, 1922
and completed December 3, 1922. The initial production of the
well was estimated as 25-30,000,000 cubic feet of wet gas. No
commercial use has ever been made of the gas obtained.
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The depth of this well was‘3,§)40'feet.
ported to the Corporation Commission 18

The well log as re-
given below with the ad-

dition of lines showing the approximate boundaries between

geologic formations.

Home Development Company, Well No. 1,
NW. 1-4, SW. 1-4, sec. 4, T.81 N.,,R. 12 E.

Formation

Sandy SOIL . vvveveveneamrm e
Sand and gravel ........oaeeees .
Hard sand ......cccceeseiraeres

Red FOCK ..ovvrvrnrmemrerenroes
Sandy shale ... ... eviieeneee
Red shale cooeveree vorremaeres
Lime shale .......coveearrereerrs
TUDL TOCK «ovvvnvvsrnrenmesomerees
White 1HNE . .vvvrerrrrrcrerrecres
Red Drake . oovvvrrrovnrerernenes
Red s8N .o ovvvnrcnraes e
Red shale ...ooovvrvvrreremaners
Sandy shale .....c.oovveieeeeree
Red shale ...ooenveenoranernee
Red water sand .........oooocre
Red shale ...c.oeverrrvoenenercers
GYD TOCK . ovvvnvrrrrierens
Red DraKe .......oeoveerserenecers
Hard lime .
Red shale
Salt rock
Red shale
Red sand
Salt rock
Red shale «.coeerernnressrrerroes
Soft SANA .o iier e
Hard red sand .
Soft red sand .
Red shale ......
Red SANA . ovevrrrenorrmmiy
Red Shale ........osoeverreonnsrns
Red sand ....ooooonnrmranrree
Red shale ...oc.vivenanemerres
Red $ADA . ov.vverrre e
Red shale «...ovvvrerrn e
White 1HINe . .covvvmrrmmrreseroees
Sandy HmMe ..o
Salt TOCK «vvvnerrrenar s
GYD TOCK .« ovvvvvenvamr e
Black 1iMe . vvvverrrrmrrserrrons
Red shale oocvevvranmrsecnnseenes
Red sand ..ocvvnrrorcrnnmonerrones
Red shale ....coovvremrenonrreees
Broken sand ........oeieeenees
Lime shale ....voveeverrrreares
Red mud or shale ........oooveres

Top Bottom Age
0 15
15 174 Tertiavy
174 200
200 315 Permian red beds
315 355
355 400
400 420
420 425
425 433
435 480
480 510
510 600
600 640
640 700
700 760
760 115
775 800
800 825
825 860
860 875
875 900
900 910
910 930
930 985
985 1,000
1,000 1,025
1,025 1,100
1,100 1,220
1,220 1,280
1,280 1,300
1,300 1,400
1,400 1,425
1,425 1,450
1,450 1,467
1,467 1,500
1,500 1,525
1,525 1,575
1,675 1,650
1,650 1,655
1,655 1,670
1,670 1,700
1,700 1,740
1,740 1,750
1,750 1,800
1,800 1,825
1,825 1,860
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Brloﬁle lrlxl(l:elxonléy ................... lfso(;% ?%t;gm Age _ As can be seen from this corrected log the well was started
Sandy hard lime ................. 1880  1.910 in Tertiary sand and gravel, penetrated the Permian red beds and
IPtzg sga}e ........................ 1,910 1,950 encquntered gas sand several hundred feet down in the Pennsyl-
Red ia‘v‘ee. T ;ggg gigg vanian formations at a depth of 2,700 feet.
Sandy Shale oo gﬁgg ot In modern oil field practice the location of drilling sites is
BIUE Shale «ovvrereneeeeneanins 2190 2,200 largely a matter of the geologic _structure of the rocks of the
Sandy SRAJe ....vvvriiiie 2200 2210 region. Certain structural conditions of the rocks favor the oc-
gfl‘idsi‘i"l‘llli ------------------------ ggég 2,220 currence of oil and gas, while their absence often absolutely pro-
Rod cave . 200 a0 hibits its accumulation. In Oklahoma it has been found that the
Lime Bard . .oooororoe e 2950 2,260 commonest structure containing oil or gas 1s an anticline or dome,
Shale red ............ccooiinninns 2260 2,270 that is where the rocks have been folded into underground domes
Lime hard .........ocororienenann. 2,270 2,275 Permian red beds or ridges. Under such conditions oil and gas, if present in the
Eglnee i&lﬁi'lte [ 2,276 2,280 Pennsylvanian? rocks, migrate into and accumulate within these structures.
B e HATA e gggg §'§38 Such E_tructures therefore, become favored locations for drilling
Lime datk .........oooo o 2,300 2.310 operations. ~
D A haie 2310 284 The main producing horizon of Oklahoma evidently lies in
BIUE SDAIE . vvvvereerieeinananns 2400 2450 the Pennsylvanian rocks which immediately underlie the Per-
Lime hard ..............c.oooivns 2,450 2,475 mian red beds. The gas well of Texas County is believed to
Eue shale ..........coooeiiii.n 2,475 2,500 secure production from the Pennsylvanian.
ack lime hard .................. 2,500 2,520
grl;lee S:Iiife ....................... 2,520 2,545 Any test wells drilled in Ci_m_arron County shoq.ld be located
Lime shale ............o.cooo ggég gggg on the crests of the larger anticlines already described. (Page
Lime white ... 9560 2,570 77). Tests made on the plains will be wildcat tests, but there
Red shale ....................... 2570 2,580 would appear to be the best chance of finding oil or gas In a
I};igx: :hlzlte hard ..........ooniinns 2,580 2,590 north-south strip in Range 5, for it is there that the change in
Blue shal 1§e{\ ...................... gggg 2,620 the Purgatoire formation appears to have made a zone of weak-
Blue Shale ... . ... o0 Yesp gg?g ness, which would tend to be deformed just as it has been where
Ié;me blgck ...................... 2,670 2.695 exposed in the Cimarron Valley, in T. 5 N, R.5 E.
S SANA ... .ot e e
LAME «vv oo 338? 3;% The depth of a test well will depend on its location strati-
ﬁ‘;ﬁf shhaile broken ................ 2,720 2,735 graphically. If it is in the bottom of the Cimarron Valley, but
Limes h: fd':::::: ................. ;;ig g;gg little more than the red be_ds will have to be pe_net_ra_te_d be_fore
Water sand T S0 2760 possible oil bearing rocks will be encountered, while if it is drilled
LAMe hard ...vovroreeeereeeeean, 2760 2775 on the plains, the entire thickness of the Purgatoire, the Dakofa,
Shale Ted ....ovvnrrneiriir e, 2775 2,780 and the Late Tertiary formation will have to be added to that of
IS‘lix;I: :}llgalee. S g;gg g,goo the red beds. As the red beds are about 2,000 feet thick, the test
Lime shale ... oo DAY RS well would have to be more than that depth in the bottom of the
BIUE SHAIE «vvvreeeeeeeen 2850  2.875 Cimarron Valley, and probably more than 3,100 feet if drilled
Black and white lime............. 2,875 2,900 on the plains.
Red shale .........coovviiiines 2,900 2,925 1y .
Lime white .........ovveroninii .. 2,925 2,950 Water for drilling purposes can be had in abundance from
Eﬁgea?vdh ilt)e]:ue shale............... 2,950 2,980 some of the springs in the tributaries of the Cimarron River, or
Lime white ..o g,ggg g,ggg by drilling wells to a depth of from 100 to 200 feet. The water
Red cave ... . ... 3020 3,040 Total depth in the large streams 1s not_ suitable as it is very alkaline and
' araer tends to make scale in the boilers. Fuel would have to be brought

in from outside, unless the lignite seams described. below are
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opened. This coal does not have a high fuel value, and wood is
very scarce, so that it has been cheaper in the case of wells al-
ready drilled, to haul coal and oil from the railroad.

COAL

Thin beds of lignitic coal are found in the top of the Purga-
toire formation in the extreme western end of the county at the
heads of Tesesquite and South Carrizo creeks, tributaries of the
Cimarron. At the first place, the coal is exposed in two drifts,
located in secs. 19 and 20, T. 4 N., R. 1 E., which were driven
some years ago during a boom of what was to be the town of
Mineral. These mines were never worked commercially nor for
local consumption. The largest of the two drifts is near the center
of sec. 19, T. 4 N., R. 1 E,, and the following section was exposed
at this place:

Section of Coul Beds, Cimarron County

Top— Ft. In.
SANASIONE v vttt ettt et e 30"
Shale, SOft, BIACK ... ovt et iir ittt iiiieaas 6"
Coal, blocky bone ................oovun. e 6"
“Soapstone” fire clay mixed with carbonaceous material... 2’ 6"
Coal, lignitic ......oovevrii e 1 6”
FUTE ClaY vt ittt e it e To bottom

Two samples from this drift were analyzed in the laborz.
‘{ories of the Oklahoma Geological Survey. A sample taken across
the entire 5-foot face of carbonaceous material between the fire
clay and the overlying sandstone gave the following results':

Lignite, Cimarron County, Oklahoma

Percent
B 03 11 A0 - TP U 8.65
Volatile combustible matter ......... ... . .. o i 22.40
Fixed CaArbOm . oo vttt e 15.04
ASH .t e e e e e 53.91
100.00
SUIDRUL it e e 0.50

Heatling value in B. T. U,, 2,710 per pound

A second sample which contained only the pure lignite from
the 114-foot seam above the fire clay anaylzed as follows':

Lignite, Cimarron County, Oklahoma

Percent
MOISEUTE .« vttt ittt e e e 12.64
Volatile combustible matter ............... ... . .. 31.25

'A, C. Shead, chemist.
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Percent
THKEA CATDOTL +ovevrvnorsnsnenenansnnessssesresreres 33%
S .
100.00
SUIPRUT + v v v rvnvnsrncmnrs s s ety 0.55

Heating value in B. T. U,, 7,650 per pound. .......eeen

ure of coal at the same horizon is to be found
in th‘:ﬁ%c\’?nlz( %);'ps(,):c. 5 T.3 N,R.1E, in the bed of South Car-

rizo Creek. It has been worked by stripping and is used locally.

i i i than
1 seam is 18 inches thick, and can be trgced for more

g‘ltleugg'%ers of a mile along the stream bed, being lost under ‘%he
cover of rock debris washed over the outcrops both above and be-
low the exposure. The following section was taken In a stream

PLATE XVIL

"H N D RE FORMATION,
; , SEAM IN THE TOP OF TI:ID‘ISURGA‘TOI M
COAT SSOUTH CARR1ZO CREEK, SEC. 5, T. 3 N, R 1K

cut, a few hundred feet up stream from the Will Baker Ranch
house:
Section of Lignite Bed, Cimarron County, Oklahoma

Top: Ft. In.
S 1 2"
Massive SANASLONE ... vovever e 2

Shale, gray, sandy ........c.c.--- e [ESSEEEERIEEREE )
Sandstgne, thin bedded, gray, medium-grained........... 1

TAETUEE © . vvreenanmnnnsnemn s
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Top— v
Shale, sandy, some black in color, grading into sandstone e
below .. ... ... .o A ”
MO s seee e 7

............................................ To bottom

A sample of this lignite was anal i
1 11 yzed in the ]
Oklahoma Survey, giving the foilowing': aboratory of the

Anaylsis of Lignite, Cimarron County, Oklahoma

Moisture Percent

Volatile combustible matter |11l 1111 11T 3009
FIXEA CATDON 1+« e vvee e 40,

Ao ST 1758
Sulphur .......... i 108.2?)

Heating value in B. T. U., 8,500 per pound

From the above it can be seen that while these c

. he : ; oal

first class lignites, they run better than the low grades sfaII;ng%(ta
in heating value. The low moisture content is partly the result

of loss of water after the sample was tak
is Tow, while the ash is high. p aken. The sulphur content

The extent and general character of the bed
determined, for it was impossible to trace them fircglrlll)(ri c%?ltsi]?i(3
erable dlsfcar_lce. It is probable, however, that they are lenses of
a rather limited extent. This possibility, together with the thin-
ness of the seams, and the rather inferior quality, does not make
. a coal that coulgl be profitably worked on a large scale, but be-
cause of the dwindling supply of wood and the expense’of haui-

ing other fuel from the rail
b e, _ road, these beds may be valuable for

COPPER

There has been much prospecting for copper aro
foot of the Mesa‘ de Maya (Black Mesa) andptrl)qe neig%%((l)rfgg
bqttes, especially in a hg}}t green sandstone which forms the base
of the Purgatoire formation. There are tiny pellets and stringers
of k_)la_ck copper sulp}ude running through this rock, and the as-
sociation of these with the green color has led to the belief that
tbe green color is due to the presence of copper in quantity
Under the microscope, however, it can be seen that the color ié
due to an abungiance of chloritic minerals, which contain no cop-
per. A few miles up the Cimarron River in New Mexico there
is a small copper mine from which copper can be produced, when

'A. C. Shead, chemist.
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its price is very high, and there is also a similar mine in Colorado
on West Carrizo Creek, a few miles beyond the county line. Both
of these and the copper found in Cimarron County are very near
the mesa, and it is probable that the magmatic waters from the
oasalt flow, percolating through the underlying rocks, deposited
the copper. The anaylsis of the basalt (p. 87), does not show
copper, but special tests for small amounts of that element were
not made. However, almost all basalts, show small amounts of
copper, and from the similarity in location and the absence of
other igneous phenomena in the region, the natural conclusion is
that this basalt furnished the copper of these veins.. The pros-
pecting has been confined to the white sands, because it is here
{bat the black sulphides show most conspicuously, and also be-
cause, as stated above, the greenish color of much of this sand is
roistaken for a copper ¢olor. Because of the nature of the source
of the copper, large deposits are not to be expected. Though
many analyses have been made of samples from prospects in the
county, none have shown copper in workable amounts. '

BUILDING STONE

Throughout the greater part of Cimarron County there is
no stone suitable for building material. In the valley of Cimar-
ron River, however, in the northwestern part of the county,
three separate formations contain stone suitable for this use.

The Cretaceous sandstones of both the Purgatoire and the
Dakota formations, have had extensive local use for buildings.
Many farm houses, barns and corrals in this part of the county
are constructed of the native stone. It is usually brown or gray
in color, and, breaking evenly along joint planes, forms blocks
which can be laid up into structures without dressing. Not
only have a considerable number of the farm structures in the
region been built of the Cretaceous sandstones, but in many
cases these sandstones have been hauled for considerable dis-
tances south of the Plains and used for buildings.

The lava of the Black Mesa is also suitable for building
stone, but on account of its limited areal extent comparatively
few buildings have been built of this material. The lava usually
weathers into irregularly shaped blocks and because of the hard,
tenaceous character of the rock which makes dressing difficult,
it can not be used as economically as the Cretaceous sandstones,
although it makes an excellent coarse filler to be used in con-

crete work.
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AGRICULTURE

rom data prepared by W. E. Baker, County Agent of marro: y <
¥ prey | by . ty zent Cimarron County, Oklahom
Y, & a,

CLIMATE

Cimarron County, occupying the extre
) ' me weste

&lglal.)};g;r‘lci ?aphandle, has a semi-arid climate. Thte I;Eezllllda%fnflh?
termperaft 11% _orﬁhls part of the state is 59.5¢ F., and the avemz'l
raind ‘above 186% es. Durlln ¢ the summer the temperature seldogrs
1ises above 100 F :, and since the average altitude of the count
is about 4,000 eet above sea level, the summers are pleasant ang
Sgmmer w%ndss égfe sg{itlr%r;l;lgr tcli)OI even after the warmest (’tlays.
continuously throughout the s,easeog.0 uth and southwest, blowing

The average winter tem
¢ perature ranges fr o

fﬁxe"onex%ﬁpt at times when blizzards sweep ove(I)'n;;lh5eo gguiot ail‘o om

The lor v:est bringing with them heavy drifting snow a};ldr_om

during“‘zﬁse S’z%r:feega}!:ure (fmihwi(rilter is usually 10° F altho&(gi'e}i
izzards the drop in t :

( drop in emperature h

ow as 18¢ F. below zero. The high altitude of the regig‘rsi ?:Sir}iz:

the atmosphere so that t i ;
higher humidity. he cold is not so intense as in regions of

Rainfall, though limited in

o , amount over i i
;lvlisglbuted _equally throughout the seasons. aTKZa:]n);vg:m(%d:dis
win r?r p11'0v1§ie much needed moisture for wheat growing agd the
c?pito% é) ?gfilggthsummﬁr rains, though infrequent, are very pree
cipitous, filling e small creeks a i pri . )
rains are light and continue for orllllcir Samflgvlvd}?i.urssplmg and fal

SOILS

The soil is a Tertiary silt with

) _ } a 10 percent mi g i

?Z;ltqlwm(:h produces a rich sandy loam. This typr:g;’t;giel o
ile under proper cultivation and moisture conditions s vey

The agricultural lands are divi i

ag ' vided into tw ig

}(a).gg] w}r}‘l}clh th%}sl only a minor portion of fine sz?ngla:;e;,sgf(}ll ¥
. e tight land is best adapted to the product,ion of smal%

grains and the sand g ivati
s y loam to the cultivation of row crops and

PLANT LIFE

The flora of Cimarron County is simi
; y 1s similar [
E)?ll%?;fy typlca_l of the western plains region.MAt%egl\?; gfo%s}tlzhthet}'
o grass is found on the prairies; trees of the more comm:n

varieties grow along the river
. . \, ;
.of semi-arid type grow everwhereﬁdleys, small shrubs and plants
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Altitude and climatic conditions in Cimarron County in-
fluence the time of planting to a considerable extent. Wheat,
which is one of the leading commercial crops, should be planted
in September, and will do best on the tight silt lands. Under
proper tillage an average yield of 40 bushels to the acre is not un-
common. Oats and parley planted in either March or early April
a}f'e 1\Excellent feed crops. Corn should be planted about the middle
of May.

Grain sorghums are the most extensively cultivated crops in
this county, and are valuable for domestic use as well as for ex-
portation. These grains should be planted during the month of
June in a sandy loam soil. The varieties produced are: standard
and dwarf red maize, .golden and white maize, several types of
kafir, hagari and a few hybrids. Cane is raised largely as a seed
and forage crop.

Broom corn which is planted during June, is rapidly becom-
ing a staple commercial crop for the county since it is adaptable
to the prevailing warm dry climate.

Alfalfa and sudan grass are excellent hay and pasture crops.
Alfalfa is grown principally along the lowlands of the Cimarron
River where it can be readily irrigated. The method used is flood
irrigation, controlled by dams at the water flow and diverted into
ditches by the use of gates. Two yields of alfalfa can be har-
vested each summer, the first for hay and the second usually for
seed. Alfalfa seed produced in Cimarron County is rated among
the best on the market in the United States.

A number of smaller products are cultivated such as Mexican
pinto beans, which make large yields; Japanese hulless rice pop-
corn, which commands a good market; and garden produce from
irrigated regions. Fruit production is in its infancy, although
some profitable orchards of apples, cherries and plums are to be
found in the sub-irrigated lowlands. In irrigated regions grapes

are proving very profitable.
ANIMAL LiFE

The natural growth of puffalo grass which made No-Man's
Land so attractive to the big ranchman in the early days is still
the mainstay of the cattle industry. High grade Hereford cattle
range over the big pastures of Cimarron County and are sent
to the markets each year. Practically every farmer owns several
head of marketable livestock. Sheep raising is rapidly making
2 market place on the farms, and it is recommended that every
farmer should own at least a small flock. The poultry industry

is becoming one of the most popular of enterprises.
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CONCLUSION

Cimarron County, the youngest i i

. » the ung in development :
2fcg)r1:11ahoma, is now gettlpg its first railroad.p This lgggﬁssgﬁ;&c
a mercial market for its produce will be available so that it

will be give I
Llate given an opportunity to rank among the counties of the

~ According to records from t i
tneri '\7»85% under cultivation 1'nm19glez office of the county agent,
317, acres of wheat averaging 15 bushels per
a
%,88(5) zgiees of‘ fki)e]d corn averaging 25 bushgls pgrl'ﬂ zcre
e s of broom corn averagi
22,085 acres of maize and kafir raging 1 bale to 8 acres
1,160 acres of alfalfa

This makes a total of nearly 72,000 acres under cultivation

besides 15 . g
besid s 15,000 acres of new land which was broken during the
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DAKOTA SANDSTONE PLANTS FROM CIMARRON
COUNTY, OKLAHOMA

By A. C. NOE".

The fossils described in this report were collected by Dr.
E. P. Rothrock in Cimarron County, Oklahoma, and were given

PLATE XVIIL

DAKOTA SANDSTONE BLOCKS SHOWING LEAIL IMPRIZSSIONS.

to the author for their determination and description. The lo-
cality in which they were found is described on page 56 under

Age and Correlation.

Plates 19 to 24 show how the plant impressions are found.
The matrix is a fine-grained sandstone, varying in color from
pink to dark red, in which the finer veination of the leaves does
not always appear clearly. This sandstone is famous for its fossil
flora which can be found throughout the deposits of the Dakota
formation in North America. All the plants described in this
paper belong to the angiosperms. One of them is a monocotyle-
don; the remainder are dicotyledons. No gymnosperm came
from this place, to the author’s knowledge. Among the number
of fossils only a few were selected either because they allowed &
clear determination, or, as in the case of the stems and seeds,
because they were worthy of being recorded.
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L!ST OF FIGURED SPECIES
Angiosperms
Monocotyledons

Alismophyllum victor-masoni (Ward)

' D273 o 2 P Plate XIX, figure 1
Dicolyledons
Salix flexuosa, Newberry Plate XI i
, Newberry............ X, figure ¢
Quercus grqenlandica, Heer.......... Plate XX f;:ﬁ;z i
Platanus guillelmae, Goeppert ....... Plate XXI: fig'ure 2

Sterculia snowii, Lesquereux

Plate XXI1V, rigure

Sterculia mucronata, Lesquereux Plate XXI i :
1 a ata, e II, fig
Unidentified Branches .............. Plate XXI g;ﬁiii
Plate XXIII, figure 2
o . Plate XXIV, figur
Unidentified Seeds .................. Plate XX figﬁi‘g ;

Alismophyllum victor-masoni
(Ward) Berry, Pl. XIX, fig. 1.

The specimen closely resembles the species i
B_er_r)lr from the Patapsco formation of WhitepHousedE?fllf‘flbi%dV?xy
ginia’, Smce the lateral margins are enrolled, the auricles appear
more p01_nted than they probably were. The similarity between
t_hls fpssﬂ and the recent genus, Sagittaria, is striking, Very
lgttle is know;l tailboui: fossil Alismaceae, but, to judge from the
ppearance o e impression, i i
B s speciers). it seems advisable to place our

Saliz flexuosa, Newberry
Plate XIX, Figure 2.

que This" sprerc}imen rezembles Saliz protaefolia linearifolia Les-
quereaux’. e secondaries are not visible on the specime
the texture seems to be thick. P n and

Quercus groenlandica, Heer
Plate XX, Figure 1.

Our specimen shows a striking similarit, i i

' : y with the species
pictured by Heer'. Also Newberry’s figures in the U. S. GcE)logi-
cal Survey Monograph 35, 1898, Plate LIV, figures 1, 2, closely
resemble our fossil; and so we can assume identity of species be-

453 Mavyland Geological Survey. Lower Cretaceous, Baltimore, 1911, p.
3 *U. 8. Geological Survey, Monograph 17, 1892, p. 49, Plate LXIV, figures

" "Heer Flora Fossils Artica, Vol. 1, 1896 : igur ;
Plate XTAVIL Hare s ) L1, , D. 108, Plate X, figures 3, 4;
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tween our Dakota sandstone fossil and the Tertiary species de-
scribed by Heer and Newberry, instead of establishing a new
species, although no similar leaf from the Dakota sandstone for-
mation has been described.

Platanus quillelmae, Goeppert
Plate XXI, Figure 2.

The fossil in question is probably a Platanus and resembles
the Tertiary species which Lesquereux has pictured' There is
again the choice between establishing a new species on the basis
of a single impression or of using a Tertiary species name for a
retaceous fossil. I am inclined to take the second choice and to
avoid piling up new species on too slender grounds.

Sterculia snowit, Lesquereux
Plate XXII;XXI1V, Figure 2.

This seems to be a very common Dakota sandstone species to
which, without question, the fossil pictured on Plates 22 and 24
of this report belong.

Sterculia mucronata, Lesquereux
Plate XXIII, Figure 1.

The fossil agrees with the description and illustration by L.
Lesquereux’.

Unidentified Stems (Pls. XXI, Fig.l; XXIII, 2; XXIV, 1)
and Seeds (Pl. XX, Fig. 2)

These are impressions of branches of dicotyledonous plants.
Inasmuch as no connection with any species can be established,
the giving of names seems out of place. Nevertheless, it is worth
while recording these fossils, because similar branches might
sometime be found associated with leaves and a later determina-

tion would be possible,

Also the seed impressions (Pl XX, Fig. 2( which belonged
to an angiospermic and probably dicotyledonous plant must be
left unidentified, but are reproduced here for the same reasons as
were the stems,—namely, as a record for later and more ad-
vantageous circumstances when in some related flora such a seed
associated with leaves might be found.

'Report, U. 8. Geol. Survey, Terri, Vol. 7, 1897, Plate XXV, figure 3.
®7. §. Geol. Survey, Monograph 17, 1891 (1892), p. 182, Plate XXX,
figures 1-4.
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PLATE XIX

FIGURE 1. ALISMOPHYLLUM VICTOR-MASONI (WARD), BERRY.
LOCALITY: Sec.33, T.6N, R. 4 E.
SIZE: x-%.

FIGURE 2. SALIX FLEXUOSA, NEWBERRY.
LOCALITY: Sec.33, T.6 N, R. 4 E.
SIZE: x-l4.

PALEONTOLOGY 97
PLATE XIX
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PLATE XX

FIGURE 1. QUERCUS GROENLANDICA, HEER.
LOCALITY: Sec.15,T.4 N,R. 1 E.
SIZE: x-14.

FIGURE 2. IMPRESSION OF UNIDENTIFIED SEEDS.

LOCALITY: Sec.19,T.5 N, R. 5 E.
SIZE: x-Y.

PALEONTOLOGY

1]

PLATE XX
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PLATE XXI

FIGURE 1. UNIDENTIFIED HERBACEQUS STEM.
LOCALITY: Sec.32, T.6N,R.3E.
SIZE: x-3-5.

FIGURE 2. PLATANUS GUILLELMAE, GOEPPERT.
LOCALITY: Sec.33,T.6 N, R. 3 E.
SIZE: x-1%.

PALEONTOLOGY

101
PLATE XXI
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PLATE XXII
102 GEOLOGY OIF CIMARRON COUNTY, OKLAHOMA

PLATE XXII

FIGURE 1. STERCULIA SNOWII, LESQUEREUX.
LOCALITY: Sec. 16, T. 6 N, R. 2 E.
SIZE: x-%.




104

GEOLOGY OF CIMARRON COUNTY, OKLAHOMA

PLATE XXIII

FIGURE 1. STERCULIA MUCRONATA, LESQUEREUX.
LOCALITY: Sec.15 T.4 N, R.1E
SIZE: x-%.

FIGURE 2. UNIDENTIFIED TREE BRANCH.
LOCALITY: Sec.15, T.4N,R.1E.
SIZE: x-14.

PALEONTOLOGY

105
PLATE XXIII
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PLATE XXI1V
GEOLOGY OF CIMARRON (‘OUNTY, OKLAHOMA

PLATE XXIV
FIGURE 1. UNIDENTIFIED TREE BRANCH.
LOCALITY: Sec.14, T.4N,R.1E.
SIZE: x-1.

FIGURE 2. STERCULIA SNOWII, LESQUEREUX.

LOCALITY: Sec. 15, T.4 N, R.1 L.

SIZE: x-1.
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PUBLICATIONS OF THE OKLAHOMA
GEOLOGICAL SURVEY

The work of the Oklahoma Geological Survey is made available to the
public by means of bulletins, circulars and maps.

The following shows the status of the various publications:
(Publieations which are out of print, but may be consulted in many public
libraries.)

Bulletin No. 1—Preliminary Report on the Mineral Resources of Oklahoma.

Bulletin No. 2—Rock Asphalt, Asphaltite, Petroleum and Natural Gas in
Oklahoma.

Bulletin No. 3—Geology and Mineral Resources of the Arbuckle Mountains.
Bulletin No. 5—Structural Materials of Oklahoma.

Bulletin No. 6—Director’s Report and Brief Chapters on Twenty Oklahoma
Minerals.

Bulletin No. 7—Clay and Clay Industries of Oklahoma.

Bulletin No. 8—Road Materials and Road Conditions in Oklahoma.
Bulletin No. 9—Lead and Zinc in Oklahoma.

Bulletin No. 10—Glass Sands in Oklahoma.

Bulletin No. 15—Director’s Biennial Report to the Governor with Mineral
Production of Oklahoma from 1901 to 1911.

Bulletin No. 16—Ponca City Oil and Gas Field.
Bulletin No. 17—Geology of East-central Oklahoma.
Bulletin No. 18—Report on Cushing oil field.

Bulletin No. 19—Petroleum and Natural Gas in Oklahoma by Counties.
pt. I & IT.

Bulletin No. 21—Neva Limestone in Northern Oklahoma.

Bulletin No. 23—The Geology and Tconomic Value of the Wapanucka Lime-
stone.

Bulletin No. 24—Geology of a Portion of Northeastern Oklahoma.
Bulletin No. 25— Bibliography of Oklahoma Geology.

Bulletin No. 27—Geography of Oklahoma.

Bulletin No. 30—Geology of the Red Beds of Oklahoma.

Circular No. 1—Origin, Scope and Purpose of the Oklahoma (reological
Survey.

Circular No, 2—Brief Statement of the Geological History of Oklahoma.
Circular No. 3—Oklahoma Among the Southern States.

Circular No. 4—Trees and Shrubs of Oklahoma. -

Circular No. 5—Rock Asphalts of Oklahoma and Their Use in Paving.
Circular No. 7—Correlation of 0il Sands of Oklahoma.

Circular No. 8—Methods and Costs of Drilling 0il and Gas Wells.

Tist of Available Publications October, 1925
(These publications may be secured from the Oklahoma Geological Sur-
vey, Norman, Oklahoma. The law requires that they be sald, and the price
of each is attached. Please send stamps for postage.)

Bulletin No. 11—Gypsum and Salt of Oklahoma, by L. C. Snider $1.00 10
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Bulletin
Bulletin
Bulletin
Bulietin

Bulletin
Bulletin
Bulletin
Bulletin
Bulletin
Bulletin
Circular
(ircular
Circular

Circular

A large

Petroleum and Natural Gas in Oklahoma.

Geology
Geology
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No. 13-—Volcanic Ash in Oklahoma, by Frank Buttram
No. 20—Granites of Oklahoma, by . H. Taylor
No. 22—Director’s Biennial Report for 1913-14.

No. 26—Lime Resources and Industries of Oklahoma,
by John Cullen

No. 28—Tripoli Deposits of Oklahoma, by E. S. Perry
No. 29—Travertine Deposits of Oklahoma, by W. H. Emig

No. 32—Geology of Southern Ouachita Mountains of
Oklahoma, Pt. I and II, by . W. Honess

No. 33—Geology of Love County, by Fred M. Bullard

No. 34—Geology of Cimarron (‘ounty, by E. P. Rothrock
No. 35—Index to the Geological Formations of Oklahoma,
by Chas. N. Gould, to accompany Miser’s colored
geologic map.

No. 6—Animal and Plant Life in Oklahoma, by C. W.
Shannon

No. 10—A Siluro-Devonian Oil Horizon in Southern
Oklahoma, by Geo. D. Morgan

No. 11—Arkose of the Northern Arbuckle Area, by
Geo. D. Morgan

No. 12—Stratigraphic Positicn of the Franks and Semi-
nole Conglomerates of Oklahoma, by Geo. D. Morgan
number of base and geologic maps of various areas of
OKklahoma are available.

Publications in Preparation, October, 1925
(To be issued during the coming biennium.)

1.00
1.00

.15

.50

1.00

.50
.50

.25

.25

.10

10

.05
.05
.05

.10
.05
.07
07
.05
.05
.02

.05

Revision of Bulletin 19, to be re-

issued as two bulletins. Special chapters are now being prepared

by a number of Oklahoma geologists.
of Texas (‘ounty, by Gould and Lonsdale.
of Beaver (County, by Gould and Lonsdale.

(‘oal Resources of Oklahoma, by (. W. Shannon, et al.
The Papoose Oil IFeld, by Johin R. Bunn.
Geological Map of Oklahoma, by H. D. Miser, co-operative work with Okla-

Physical and Chemical Analysis of Oklahoma Minerals, by A. (.. Shead.

Geology
Geology
Geology
Geology
Asphalt

homa geologists and U. S. Geological Survey.

of Marshall County, by IFred M. Bullard.

of (‘raig County, by D. W. Ohern.

of Nowata County, by D. W. Ohern.

of Wushington County, by D. W. Ohern.

in Oklahoma (Circular No. 5 to be revised).

Underground Methods and Equipment for Producing Oil in Oklahema, by

H. . George.
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