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ROCK ASPHALT AND ASPHALTITE
IN OKLAHOMA

BY L. L. HUTCHISON,

CHAPTER .
GENERAL STATEMENTS.

In presenting the following account of the rock asphalt and
asphaltite deposits of Oklahoma, the aim has been to give a general
notion of the nature of the materials discussed, their mode of occur-
rence, and as comprehensive a discussion of ‘the general and local
geology as present data will permit. The discussion concerning the
occurrences east of the main line of the Gulf, Colorado and Santa IFe
Railroad is based upon the writer’s personal investigations, while that
on the deposits in western Carter and eastern Jefferson and Stephens
counties is based upon the field notes of Ben C. Ielt who assisted
_the writer in the field investigations in 1909. Wherever the results
of other investigators have appearcd to be of advantage they have
been freely used. The writer wishes especially to acknowledge the
merit of the excellent papers and maps by Joseph A. Taff! and Geo.
H. Eldridge,? both of the Federal Survey, which have been freely
drawn upon as occasion presented itself.

The citizens of the region were uniformly courteous and assisted
in the investigations whenever possible. To mention all who lent
aid in the work would be to compile a complete roster of those with
whom I conversed on the subject. There are, however, a few to
whom special mention is due for extraordinary assistance, and occasion
is here taken to thank these persons for their courtesies. Mr. Tom
Wall, of Poteau, assisted nobly in the study of the deposits at Page;
Mr. F. W. Temple, of Idabel; Dr. A. C. Nash, of Antlers; Mr. Thomas,
and The Choctaw Asphalt Company, of Jumbo; Hon. Peter J. Hudson,
of Tuskahoma; Mr. Newman, of Atoka; Mr. Tipton, of Ada; Messrs.
Baughman and Lawrence, of Roff; Mr. Downard, of Ardmore; and
Messrs. W. J. Williams and J. D. Kerby, of Sulphur, were all active
in furthering the investigations in their respective communities.

This report is intended to be only preliminary. The time and
funds available are inadequate for the special investigations necessary

1 Taff, Jos, A., U, S. Dept. Int, Cir, No. 6.
Am. Jour, Sci,, 4th ser., vol. 8, p. 219 et seq.
Am, Geologirt, vol. 24, p. 818 et geq.
Bull, U. 8. Geol. Survey No. 380,
2 Eldridge, Geo. H,, The asphalt and bituminous rock deposits of the United
States: Twenty-second Ann. Rept, U, 8. Geol, Survey, pt. 1, 1901, pp. 262-320, _
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to determine the chemical composition and peculiar characteristics
of the various asphaltite deposits ; the per cent of bituminous saturation
of the many deposits of rock asphalt examined, or the special qualities
of either which render the individual occurrences more or less desirable
for paving or other industrial purposes. Since, however, the question
of asphalt paving is a very live one in Oklahoma, and the literature
on the subject is meager, a chapter is devoted to general paving
methods and suggestions are made as to what it seems may be good
methods of using Oklahoma rock asphalt for pavements. These
suggestions, however, are theoretical and only time and experience can
prove their value,

Coal, asphalt, paraffin, naptha, petroleum, natural gas, etc., form
a series of bodies composed of an intimate mechanical mixture of
allied chemical compounds consisting of carbon and hydrogen and are,
therefore, known as hydrocarbons. The end products of this series
are marsh gas (CH 4 ) on the one hand, and graphite (C) formed
as a last product of the metamorphosis of coal or other carbonaceous
matter, on the other.

The following classification of hydrocarbons and kindred sub-
stances is here offered to show the wide range of these minerals
in nature,

CLASSIFICATION OF HYDROCARBONS AND ALLIED
SUBSTANCES.

Partial List of Natural Hydrocarbous.

I. Gaseous,
a. Marsh gas.
b. “Natural gas."
II. Bitumenous.
A. Fluid.
Naptha.
Petroleum.

g

B. Viscous.

Maltha.
Mineral tar.
Brea,
Chapapote.

Elaterite.

. Wurtzllite,

Solid.

1. Asphaltite.
a., Albertite.

Impsonite.

Grahamite,

Nigrite.

Gilsonite (ulntalte)

Lignite,
Sub-bituminous.
c¢. Bituminous,

i. Cannel coal.

C. Elastie.

gp acg®

D.

aey

e,
2. Coal,
a.

&
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Semi-bituminous,
Semi-anthracite,

Anthracite.
(Graphite.?)

noa

III. Resinous,
1. Amber,

. Retinite,
Gedanite,
Glessite.
Rumanite.
Simetite.
Krantzite,

. Chemawinite.
2. Copalite,
8. Bathvillite,
4. Geocerite,
5. Leucopetrite,

IV. Cereous.

1. Ozocerite.

a. Zietrisikite.s
b. Chrismatite,
¢. Urpethite,

2. Hatchettlte,

3. Napalite.

V. Crystalline,

. Fichtelite.
Paraffin.’
Scheererite,
Hartite,

. Idrialite.

RO TE

g gstor

GROUPING OF NATURAL AND ARTIFICIAL. BITUMINI-
OUS COMPOUNDS.$

I. Natural,
A. Impregnating natural rock or earthy matter,
1. Asphaltic limestone,
2. Asphaltic sandstone or sand.
3. Asphaltic shale.
4. Asphaltic earth,
B. Fluid.
1. Reflnery residuum. (Liquid state.)
2. Exudations from the outcrop of petroliferous strata.
II. Artificlal.
A, Viscous,

B. Solid.
1. Refined Trinidad asphaliic earth.
2. Mastic of asphaltite,
3. GQGritted asphaltic mastic.
4. Paving compounds.

§. Sheet roofings, etc,

The above classification is in part original and in part that given
by Eldridge’ and Richardson.8 By inspection it is seen that it is
impossible to establish hard and fast classes into which the various
natural hydrocarbons may be grouped. To say, for example, that
one coal is semi-anthracite and another closely allied to it is anthracite

3 Not to be considered as a hydrocarbon but as an end product in the

metamorphosis of coal,
Near vzocerites,

b Native crystalline paraffin is rare.

68 The list is not complete.

7 Bldridge, Geo, H., The asphalt and bituminous rock deposits of the United
Stater: Twenty-second Ann. Rept., U, 8, Geol. Survey, pt, 1, 1901.

8 Richardson, C., The modern asphalt pavement, 1908,
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is impossible, for the gradation of one into the other is so gradual
that the line of separation is imperceptible; and the question of
whether a mineral is grahamite or impsonite seems to resolve itself,
in the main, into the individual conception of what constitutes a
mineral species. The classification given here appears more satis-
factory than any met with in the literature at hand.

On account of lack of agreement as to the meaning of the terms
“asphalt” and “asphaltum,” they have been purposely omitted in the
table, and in general, from the text. Some authorities have proposed
to limit the meaning of asphalt or asphaltum to denote only the purer
forms of hydrocarbon compounds, here designated as . asphaltites.
Richardson? defines asphalt as “a mineral pitch, found in nature in a
more or less solid state, melting at a temperature in the neighborhood
of that of boiling water, and miscible in all proportions with heavy
petroleum oils or fluxes to form a viscous cementing material, which
is in use in paving and other industries.” This is purely an
industrial definition. The oil operator thinks of asphalt as the sub-
stanice which gives the black color to many of our petroleums, and
chemically his idea is as correct as Richardson’s; while one living in
the vicinity of asphaltic rock deposits commonly thinks of asphalt as a
peculiar kind of rock. The term bitumen, it seems, has been mainly
applied to petroleum, maltha, or mineral tar, and the solids here
classed as asphaltites.

These ideas concerning the terms asphalt, asphaltum, and
bitumen are so firmly fixed in literature and in the minds of many,
that it seems inadvisable to use either, though the adjectives,
“bituminons” and “asphaltic” are freely employed, as is also the term
rock asphalt. As used here a “bituminous” rock is one whcih contains
a perceptible amount of some natural hydrocarbon, whether it be
solid, liquid, gaseous, asphaltic or otherwise; while “asphaltic sand-
stone,” “asphaltic limestone,” “sand asphalt,” “lime asphalt” etc. are
used to designate those respective kinds of rock, as they occur in
nature, impregnated with asphaltic hydrocarbons; rock asphalt is used
as a generic term referring to asphaltic rock, without reference to the
kind of rock. :

The classification and terminology here used doubtless merit
criticism from some view points, but they seem to lend themselves
better to a clear discussion of the geology and character of the
Oklahoma occurrences of natural hydrocarbons than any yet offered
by authorities at hand, and it is thought there can be little objection
to their general use.

) 9 Richardson, C., Mod. Asphalt Pavement, p. 151,

CHAPTER L

GENERAL GEOLOGY OF THE ASPHALT BEARING
REGIONS.

INTRODUCTION.

Natural hydrocarbons, liquid, gaseous, solid or viscous—some-
times one or the other, or all four—have been found in notable
amounts at various places in Oklahoma from Bokhoma to Granite,

north as far as Ada and Page, and south to the Red River. The
ASPHALT.
e """"'_mﬂz'* I - TN
Chry 2y At o »hoﬁa’ 1
— xiv \
' o . S L7
| ~y %, 3 ' 1
i J/glwkr wg' ‘v;
3 St
) () 2 420, g M % '
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rena o,

% Asphalt Area,
E Asphatt Bed's .

GENERAL MAP OF ASPHALT BEARING REGIONS IN OKLAHOMA,

area, therefore, to be considered in a discussion of the geology of "the
probable asphaltum bearing belt of Southern Oklahoma includes that
portion of the State lying between the thirty-fifth parallel of north
latitude, and the Red River, and from the Arkansas line west to
Granite. In preparing a general discussion of the geology of this
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district little claim is made for newness save in the object to be
accomplished, which is to place before the reader a general review of
the geology of that portion of the State in which the asphaltic deposits
are found. The available literature of the subject has been used
as a text and such additions have been made to the data contained
therein as the writer’s personal investigations seem to warrant.
Specific credit is given where another’s language is used, but to
attempt to give detailed credit in every instance would be to con-
vert this paper into a collection of foot notes. However, occasion is
taken to make special mention of the valuable papers on the geology
of various regions of the district by Taff® Gould,!! Eldridge,?
Girty!® and Larkin.!* In general the nomenclature is that used by
those writers.

Although it may seem awkward to begin the discussion of the
subject at the center of the area—the Arbuckle Mountains—and then
to bring in the surrounding portions, this method of treatment has
been adopted in order to follow the natural geologic sequence, i. e.,
from the oldest to the youngest rocks. Time and space do not permit
of an extensive treatment of the stratigraphy of the district in gen-
eral, therefore, the geological discussion of the various regions is
limited to a brief resume. The order of treatment is: (1) Arbuckle
Mountains; (2) Wichita Mountains; (3) Ouachita Mountains; (4)
Permian Redbeds; (5) Cretaceous Slope.

ARBUCKLE MOUNTAINS

INTRODUCTION.

The Arbuckle Mountains consist of a plateau or tableland, of
moderate elevation, situated in Murray, Northern Carter, Southern
Pontotoc, Johnston and Western Atoka counties. The maximum ele-
vation is found in that part of the system which lies west of the
Washita River. The average height of this portion of the plateau

10 Taff. J. A., Preliminary report geology Arbuckle and Wichita Mountains,
Prof. Paper U. 8. Geol. Survey No. 31, 1304,
Tishomingo, Atoka, and Coalgate follos of the Indian Territory,
U. 8. Geol, Survey.
Albertite-like asphalt of the Choctaw Nation, American Journal
of Sclence, vol, VIII, Sept. 1899, p. 219 et seq.
Grahamite depositz In southeast Oklahoma, Bull. U. 8. Geol.
Survey No. 380, 1909,
11 Gould, Chas. N., Geology and water resources of Oklahoma, Water-Supply
and Irvigation Paper U. S. Geol, Survey No, 148, 1904.
12 Eldridge, Geo. H., Asphalt and bituminous rock deposits of Indian Territory,
Twenty-second Ann, Rept. U, 8. Geol. Survey, Pt. 1. 1901, pp. 262-320. .
13 Girty. Gen. I1., Fauna of the Caney shale of Oklahoma, Bull U. 8, Geol.
Survey No. 377, 1909,
14 Larkin, Plerce, Preliminary report on the Cretaceous of Oklahoma: Thesls,
University of Oklahoma Library, 1909,
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is above 1,250 feet, while an altitude of a little more than 1,400 fect
has been recorded on the NE. %, sec. 1, T. 2 S, R. 1 E.; SW. %,
sec. 20, T. 1 S, R. 1 E.; and the S. %5, sec. 28, T. 1 S, R. 1 W.

'East of Washita River the surface of the plateau slopes gently south-

eastward until an elevation of less than 550 feet above tide level is

" recorded in sec. 26, T. 3 S., R. 9 E., where the last exposure of the

Tishomingo granite is found.

The term, Arbuckle Mountains, as used in this paper, includes all
the above region, the surface of which is composed of the older Pale-
ozoic and pre-Cambrian rocks. The granite found at an elevation
of less than 550 feet in township 3 south, range 9 east, is, therefore,
considered just as truly a part of the Arbuckle Mountains as is that
of West Timbered Hill, which rises to more than 1,400 feet.

The rocks of the Arbuckle Mountains proper consist of a thick-
ness of 10,000 to 12,000 feet of sediments, chiefly limestones, which
range in age from middle Cambrian to lower Carboniferous times aud
rest unconformably upon the pre-Cambrian crystallines (granites, etc.)
of East and West Timbered hills and the Tishomingo region. These
rocks are succeeded by a series more than 10,000 feet thick of con-
glomerates, sandstones and shales of Pennsylvanian age. The
Arbuckle Mountains were uplifted before the deposition of the Per-
mian Redbeds, but subsequent to the period during which the Glenn
formation, upper Mississippian and lower Pennsylvanian, was
deposited. The hiatus between the lower Pennsylvanian and Permian
systems is marked by a profound unconformity south of the moun-
tains, but so far this unconformity has not been reported as extending
more than a few miles to the north of the range. The trend of the
Arbuckle Mountains is N. 70° W., or the same as that of the Wichitas
which lie sixty miles farther to the northwest. The main axis of the
Ouachita Mountains is not in line with the axis of the Arbuckle and
Wichita uplifts, but bears nearly east and west. This, with other
differences of structure, indicates that the Ouachita uplift was not
caused by the same forces that elevated the Arbuckles and Wichitas.

TOPOGRAPHY,

Broadly speaking, the Arbuckle Mountains are co-extensive with
the outcrop of the rocks which are of Devonian age or older. When
so considered they roughly form an isosceles triangle with the apex
near the town of Ada, one end of the base in T. 2 S,, R. 1 W, and
the other in T. 3 S., R. 9 E. The base thus has a trend of N. 70° W.
Since the time of general elevation of the region, Permian rocks
have been deposited across the northwest end, and Cretaceous rocks
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across the southeast end of the uplift. The Permian or late Car-
boniferous strata have a general northwest dip at low angles, while
the Cretaceous on the opposite side of the mountains dip southeast.
This would seem to indicate that the post-Cretaceous elevation was
more extensive in the Arbuckle region than in the surrounding coun-
try. There are Cretaccous deposits in Roger Mills, Beckham and
Washita counties in the western part of the State which are of about
the same age as those south of the Arbuckles. It therefore seems
probable that during lower Cretaceous times the entire region of the

Arbuckle and ‘Wichita mountains was receiving sediments. Then,
when the uplift came, elevation was more rapid in the region of these
mountains and erosion accordingly more excessive. As erosion
progressed the overlapping deposits are being carried back, thus
exposing a continually broadening section across the uplift,

The profound crumpling and folding and at least the major por-
tion of the faulting of the Arbuckle Mountains was accomplished at
the time of thé first great uplift, which was, perhaps, not. later than
middle Pennsylvanian. The elevation was followed by a period of
pre-Permian erosion, succeeded by the advance of the Permian sea, in
which the Redbeds were deposited from the northwest. It is nnt
known how far southeastward the Redbeds sediments extended, but
they probably did not reach south of these mountains.

During the period of erosion which preceded the deposition of
the Cretaceous rocks the entire region of the Arbuckle uplift was
worn down to a nearly flat plain, which has been preserved as a low
tableland in the central part of the uplift where the rocks are hardest,
while the softer strata of the sides have been worn down to lower
levels, Thus conditions have given a terraced appearance to the
uplift, when considered as a whole. It is the central core of hard
strata and crystallines that remain as a low, sloping plateau which
is here called the Arbuckle district.

The smaller details of the topography of the district are due
mainly to the differential erosion of alternating beds of hard and
soft strata. Long longitudinal valleys abound, and narrow ridges of
harder rocks are frequent. The smaller drainage channels are often
parallel with the strike of the formations, but some of the master
streams, as the Washita and Blue Rivers and Rock, Mill and Penning-
ton creeks, seem to have been superimposed upon the older strata.
The edges of the higher parts of the plateau have been etched into
a frill of gulches and narrow ravines by the short streams which
drain it. This border erosion is perhaps better developed along the
Washita gorge than in any other region.
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GEOLOGY OF THE ARBUCKLE MOUNTAINS.
IGNEOUS ROCKS

The igneous rocks of the Arbuckle Mountains consist, in the
main, of granite, granite-porphyry and aporhyolite. There are three
‘areas of igneous rocks exposed: one north of Tishomingo, known
as the Tishomingo granite; one near the southeast corner of T. 1 S,
R. 1 E, and a third in the northwest end of the uplift, chiefly in
the northeast corner of T. 1 S, R. 1 W. In the first named region
wholo-crystalline pinkish or reddish granite, which covers an area of
more than 100 square miles, predominates. The Cretaceous sedi-
ments overlap the southeastern portion of the area, while middle

Cambrian sandstones overlie the western end. The sedimentary con-
tact along the north, however, is occasioned by faulting, except in two
unimportant instances, where the Cambrian sandstone. again occurs.
The other two areas which occur near the west end of the mountains
consist, in the main, of ranite-porphyry. The western and south-
western contract with secﬁmentaries is as'a rule one of unconform-
able overlap of middle Cambrian sandstone, while the contact to the
northeast is due to faulting, the porphyry being brought into contact
with the limestone above the. Cambrian sandstone.

The exact age of the granite, porphyry and associated igneous
rocks, is indeterminable in the light of present data. It is known,
however, that these rocks were subjected to erosion before middle
Cambrian times, for a sandstone of that age, formed of material
eroded from the igneous rocks themselves, and resting unconform-
ably upon them, is the oldest sedimentary rock exposed in the region,.

There are numerous dikes and stringers of other varieties of
igneous rocks associated with the Tishomingo granite and with th
porphyry of the west end of the range. The chief dike rocks of the
granite area are quartz-monzonite, aplite, granite-porphyry and dia-
base. The general direction of the dikes is northwest and southeast
along the greatest extension of the uplift but there are “cross dikes”
and stringers which extend in other directions.

The quartz-monzonites are closely associated with the granite and
are often apparently phases of it, occurring, it seems, in small areas
or patches rather than as dikes. The aplite, however, is usually found
as well defined dikes. This rock (which is usually pale pink to
nearly white in color) is composed almost entirely of feldspars and
quartz and is of an even, finely granular texture. The granite-por-
phyry dikes of the Tishomingo granite region are the least abundant
of the associated rocks. Only one occurrence of a porphyry dike is
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reported, It is located in a small tributary to Rock Creek in sec. 1,
T.4S., R. .5 E. The granite-porphyries are fine textured and brick
red in color.

Diabase dikes are common throughout the granite area, but theif
occurrence is most frequent in the western end of the region. These
basic dikes seem to have attained their greatest development a few
miles northwest of Tishomingo, where they are reported as forming
a “net work of stringers and sheets.” The diabases are uniformly
dark in color and vary in texture from a dense, finely porphyritic to
a coarse granular mass closely resembling gabbro. Their composition,
however, is quite uniform and it appears that these dike rocks should
be, as a rule, classed as diabases. The diabase dikes usually weather
more rapidly than the granite and can often be traced across the
region as narrow, fertile bands, or sometimes as shallow, shrub-grown
ditches.

The granite-porphyry of the Arbuckle Mountains occurs in the
western part of the uplift and forms what are known as East and
West Timbered Hills, which rise to an elevation of a little over 1,400
feet above sea level. These occurrences, while usually thought of as
being of granite-porphyry, consist in fact, of granite-porphyry and
aporhyolite, of various shades of pink, red and brown, of which the
aporhyolite is an intrusive into the granite-porphyry. In places the
aporhyolite is strikingly porphyritic in texture and shows a beautifully
banded structure. Like the Tishomingo granite, the granite-porphyry-
aporhyolite region contains numerous dikes of diabase which are
similar in general characteristics and lithology to those described apove.

SEDIMENTARY ROCKS

Reagan sandstone:—It appears that in pre-Cambrian times the
region of the present Arbuckle uplift consisted of a granitic land
surface with low relief. Subsidence, however, must have begun in
early Cambrian times for mid-Cambrian fossils are found near the
top of the Reagan sandstone, which formation shows unmistakable
evidence of being at the base a beach, or near shore, deposit. It,
however, grades upward into thin-bedded, well stratified sandstone,
becoming calcareous and fossiliferous toward the top. Taffl® gives
the following section, beginning at the base, as typical of the Reagan
sandstone at the west end of the granite region where it has its
greatest development. '

Section of Reagan Sandstone.

Feet.
Quartzite and arkose conglomerate, composed of poorly sorted granitic
TPULUETINIS & v evonoveansarsnanonsosossvosnaotonssanerssasoperesssesetos:rs 30
Coarse grit and sand, with some clay and green sand in upper part,
generally woll Stratified oo voeernerneureeererseerorrmiesssse st tnn 370
Thin-bedded and laminated sandstone, pecoming calecareous in the upper part, 60

15 Taff, J. A., Prof. Paper U. 8. Geol. Survey No. 31, 1904, p. 21.
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Tl'_le section as given is usually succeeded by several hundred feet
of .lamma'ted, silicious, fossil-bearing limestone and shale strata to the
top of middle Cambrian times, containing faunal remains similar to
those of the upper members of the Reagan.

The Reagan contact with the porphyry of East and West Tim-
bered 'Hllls is similar to that with the granite, and the section given
is typical for all parts of the formation save that the conglomerates
at the base are composed of fragments of porphyry and associated
dike rocks instead of granites, monzonites, etc. Green clay shales in
the upper Reagan formation are perhaps more abundant here than in
the Tishomingo region, and the green sands continue to a higher
horizon in the fossiliferous calcareous beds.

Arbuckle limestone:—The Arbuckle limestone lies upon the
Reagan sandstone. It appears, in general, to be conformable with
that formation though Ulrich!® has noted some shaly lentils which he
thinks suggestive of an unconformity. The Arbuckle limestone has
an aggregate thickness of from 4,000 to 6,000 feet and represents all
of upper Cambrian and part of Ordovician times. Briefly described,
beginning at the bottom, that portion of the formation which repre-
sents the' upper Cambrian rocks consists of thin-bedded, shaly lime-
§tone_s_w1th conglomeratic lentils. The rock gradually changes to a
massive apd hard, pink to yellow, distinctly crystalline limestone
and dolomite, which weathers brown to black. This has a thickness of
500 to 600 feet. These rocks are succeeded by lighter colored, non-
foss.lhferous limestones and dolomites which continue apparently well
up into the Ordovician, or to within about 450 feet of the top of the
Arbuckle limestone; when they in turn are succeeded by more thinly
bedded limestone strata associated with occasional shaly members and
very near the top, sandy beds. Fossils have been reported from the’
central massive members of the formation, but they are far more
common toward the top where the strata become more shaly.l?

The Arbuckle limestone is situated near the center of the uplift
and extends from the southeastern end of the region, where it appears
from 'beneath the Cretaceous overlap, northward and northwestward
until it disappears under the Pennsylvanian sandstones and conglomer-
ates ant_j Permian Redbeds along the north side and west end of the -
mountains, The formation reappears as the limestone hills of the
Wichita Mountains.

Whgrever expos;d the Arbuckle limestone is greatly deformed
by faulting and folding. It is always crushed and crumpled, often

1904,16‘)'.Ué;l‘ch, E. 0., quoted by Taff, Prof. Paper U. S. Geol. Survey No. 31,
17 For a list of fossils =o far id f
B e e e 1004, r identified the reader 13 referred to Prof. Paper
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standing on edge, but, owing to its great thickness and its position
near the center of the uplift it has the greatest areal extent of any
formation in the mountains.

Simpson formations—The deposition of the Arbuckle limestone
was brought to a close by a gencral but gentle oscillation of the region
which scems to have brought the greater part of the Arbuckle Moun-
tain district above water for a short time, during which the top of
the limestone was locally eroded. When submergence was again
accomplished the sediments deposited were of a very different char-
acter. They consisted largely of sand, clay and calcareous silts which
became the sandstones, clay shales and limetsones that make up the
Simpson formation. Pure sand was laid down over parts of the sur-
face of the Arbuckle limestone, while in other places sandy limestone
or shale beds were deposited in contact with the older formation.

Thus, then, the basal member of the Simpson is in part a pure
sandstone and in part an impure clay shale or limestone. Upon this
base a great mass of greenish clay shale, thin crystalline and shelly
limestone, and heavy sandstone beds were deposited, until an aggre-
gate thickness of from 1,200 to 2,000 feet was attained. It is unnec-
essary for present purposes to'give a detailed description of this forma-
tion. The following section, taken from Taff,18 with slight modifica-
tions, is characteristic. The table is given fromi the bottom upward :

Section of Stmpson formation on south side of Arbuckle uplift, west
of 1 ashita River,

. Fect.
1. White to light-brown sandstone, occurring loeally ..........oiiiiieaan.. 0-100
2. Thin limestone und  shales inlersiratified with occasional  thin
SANASLONE ...viitiiiiiiiiiieiinrn e 29
3. Granular crystalline limestone in thin hods oo.eevneenveneninirinin, 350
Contains an abundance of Ostracoda (Leperditia chiefly) and other
fossils s0 rare as to appear wanting,
4. Greenish shales with few thin Hmestone JIFers ou.eeeeenreereeeennnens. 245
5. Thin-bedded Hmestone and shales Interstratifled ooovnvnrns v, 295
. Contains fussils in great abundance, chiefly Ostracoda of large and
small species, and numerous gasteropods, pelecyopods, brachiopods,
and trilobites, "

6. Sandstone (glass sand member) ........ 0. ..., v edeeeee i rsiarae 38
T Bhnly HIestone it i i e e e e e e e e 195
Tho lower 50 feet highly fossiliferous, containing Ostracoda with
numerous Bryozoa and bases of crinoid columns making a fauna.

sufficiently pecullar to be easlly distinguizhed,

8. Sandstone (glass Sand TEMDCI) .. i..uitviieerennueerrsneronnnreersnes 100-200
9. Limestonea and shales Interbedded oo iirerennnnn. e 400
Some of the Hmestones are highly fossiliferous:  Orthis tricenarla,

O. deflecta, Monticuliporoid Bryozoa, highly ornamented cystid

plates, and species of Ctenodonta.
10, SiaNASIONE v irie it i i i e aa e et iie e aesraans 90
11. Thin limestone with green shales [nterstratifled ..o iiiin.., . 400

The Simpson formation promises to be of great economic impor-
tance, for the sandstone beds numbers six and eight are the great

18 Taff, J. A, Prof, Paper U, 8. Geol. Survey No. 31, 1904, p. 23.

Nos. 1 and 2 logcther form the complete base of the Simpson, for No. 1
occurs locally,
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glass sand horizons of the State. Numerous analyses of these sands
have been made by the Survey and they are found to be often 99 per
cent pure silica, with scarcely a trace of iron.

Viola limestone.—By reference to the above table it will be noted
that the Simpson formation was gradually grading upward into lime-
stone. This condition continued until the material became a very pure
limestone. The character of this rock is so different from the Simp-
son that another formation known as the Viola limestone has been
recognized. The upper layers of the Simpson usually contain some
clay, are thinner bedded, darker, and more evenly stratified than is the
base of the Viola, though the character is more or less variable on
each side of the contact.

The Viola is a continuous deposit of white to dight blue limestone
from 500 to 700 feet thick, remarkably free from clay shale lentils and
sandy beds. When first exposed the rock has a massive appearance.
Weathering, however, soon etches the surface and the bedding planes
are easily seen. These show the formation to be made up of regular
layers varying from an inch or so to occasionally more than a foot in
thickness. o

Though there are slight variations which would enable one to
divide the formation into two or there distinct members, the Viola
limestone is one of the most uniform formations, both in thickness and
character, in the Arbuckle mountains. On casual examination it is
believed to be suitable for high grade building stone and the manu-
facture of good quick lime. The Oklahoma Portland Cement Com-
pany at Ada is proving its desirability as a Portland cement material.

The Viola has yielded fossils throughout. Sufficient work has
been done upon the paleontology to cause the Viola to be correlated
with the Black River, Trenton and Richmond stages of the Ordo-
vician,19 ,

Sylvan shale:—The Sylvan shale is a lenticular or wedge-shaped
clay shale formation varying in color from dark blue to black and
green. It has its greatest development west of the Washita River
where it attains a thickness of about 300 feet, and from whence it
gradually thins eastward until the cstimated thickness at the east end
of the uplift is only sixty feet. The Hunton limestone lies above the
Sylvan shale so that it is hounded above and below by hard limestones,
and since all the formations are, as a rule, tilted at high angles, this
formation usually occurs as a narrow timber-covered valley, between
limestone ridges.

The Sylvan shale is rarely well exposed, but it is known to be
quite fossiliferous near the base of the formation, The best exposure
the writer has seen occurs in the hed of Vine’s Branch northwest of
Dougherty. Hiere the shale is a black, distinctly stratified bituminous

19 For discussion see Prof, Paper U. 8. Geol. Survey No, 31, 1904, pp. 26-27.
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clay shale at the base and contains an abundance of graptolites and
shells. The black basal member is succeeded by a greenish shale
ich shows little lamination. . )
WhlCUlrichZ" has made a preliminary study of the fossils and flr;,di
hem very similar to those of the Utica shale of Qrdoyxcmn age, bu
;sethe Rithond fauna occurs in the top of the Viola limestone below
it, the Sylvan is probably to be correlated with the Onexda:Medma
sandstones of New York. o .
Hunton limestone—The Hunton limestone formation, so far as
obtainable data show conformably succeeds the Sylvan shale and is
of Siluro-Devonian age. The transition from sl.lale to llr.nestone 1?[_
very abrupt. The basal member of the Huntqn is a massive bed o
oolite which is locally replaced by hard bluish limestone. This forma-
tion is thickest on the south side of the uplift. Where it passes.under
the Redbeds a few miles northwest of Woodford it has att.am‘ec'l a
thickness of approximately 300 feet. It thins eas.tward from thls'pomt,
however, and is absent from the section for a distance of ten rmle's or
so along the south side of the mountains, east of the Washita River.
It reappears beyond this gap, and has a thickness ij' abou't 16p fee't at
the east end of the Arbuckle Mountains, from V\{hlch point its thick-
ness gradually increases westward until a section along the north
side of the mountains east of the Washita River measures about 200
feet.In general the Hunton formation is divisible into 'three members
on lithological characteristics. It is .composed .of thick-bedded and
massive crystalline limestones, and thin earthy. limestones and mal:ls.
A typical section from the south side of the uplift west of the Washita

River follows:

Section of Hunton Limestone?

ILLOWER MEMBER. Feet.

v st nesto succeeded by hard thin limestone with
Thmk-bggggglo%ld‘l‘ ;;Hxl'?; ]]:1;0.?-; "ﬁt the base ofythls limestone i3 an oolite,
4 to § feet thick, which locally is silicified .....coovivurincncnnnnss
MICDLE MEMBER, .
X calcareous clays. with some hard limestone layers,
Marly ”nToorsetoz{]beusn(?;r?t in the lower part .........cvveeieess eeesiesasacseies 170-190
UPPER MEMBER.
Semi-crystaliine limestones, in places cherty, interstratified with occasional %0
thin Marly 1aYers .....ecoeeesccrersorsserssntssccsrssntsoncssssccens

35- 40

middle Hunton, owing to the soft nature of the rogks, usu-
ally ’\Ix‘r};:thers out as a rounded trough between the :creeless hmes;one
ridges of the upper and lower members, thus giving a veryhctar-
acteristic appearance to the outcrop of the formation. Often t ed_wo
ridges and intervening valley of the Hunton may be seen extending

across the country for miles,

20 Quoted by Taff, J. A., Prof. Paver U. 8. Geol. Survey No. 31, 1904, pp. 28-29,

21 Taff, J. A., Prof. Paper U. 8. Geol, Survey No, 31, 1904, pp. 29-30.
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Woodford chert.:—The Woodford chert lies unconformably upon
the Hunton limestone, It is probably of Devonian age und consists of
chert, fissile shale and occasional limestone concretions. In places
nearly pure chert or flint rests upon the Hunton limestone while in
others, the contact is between black bituminous shale and the lime-

-stone. The formation has an estimated thickness of 650 feet and is
present throughout the Arbuckle Mountains wherever its horizon
comes to the surface, '

Fossils are very raré in the Woodford chert. So far only a few
invertebrate types have been reported and one species of plant. The
invertebrates are Lingula spatulata and a Productella referable to the
species concentrica. Fragments of petrified wood are common along
the outcrop but only one specimen has been reported in place. This
consists of a tree trunk on the south side of the mountains northwest
of Norton. David White determined this specimien to belong tv a
species of Dadoxylon which is a Devonian type.

Sycamore limestone:—The Sycamore limestone is a lenticular
limestone that has been referred to the Mississippian or lower Car-
boniferous age, apparently because of its position upon the Woodford
chert, for so far as known it is non-fossiliferous. This limestone
formation attains a maximum thickness of about 200 feet at the west
end of the Arbuckle Mountains. It has been reported as occurring
throughout the southern side of the uplift and eastward along the
north side to the region of the Tishomingo granite. However, it thins
eastward on each side of the uplift and is entirely absent, or represented
only by local thin silicious limestones, along the northeast face of the
mountains.

Caney shale:—The Caney shale succeeds the Sycamore limestone
in regular sequence and has been described as of upper Mississippian
age. Later investigations, however, have created grave doubts as to
the «correctness of this classification. - In the eastern part of the
Arbuckle region it occurs above the Woodford, apparently conform-
ably,? and below the Wapanucka limestone, the lowest known Penn-
sylvanian limestone in eastern Oklahoma. The thickness of the Caney
has, owing to poor outcrops, never been determined; it is estimated,
however, at 1,600 feet.

The Caney shale appears to grade upward into the Glenn forma-
tion, which is thought to be Pennsylvanian in age. Maps showing the
entire extent of the Caney shale have never been published, but it is
known to occur surrounding the entire uplift wherever its horizon
is exposed.,

Glenn formation:—Throughout the southern extension of the
Arbuckle uplift there is a great mass of sandstone and shale with
occasional ledges of conglomerate, which in fact does not belong among
the Arbuckle formations, but which was deformed at the time of the

22 Folio U, 8. Geol. Survey No. 98, p, 6.
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general uplift. This series of strata has been called the Glenn forma-
tion and classified as Pennsylvanian on the basis of fossils found near
Berwyn. This formation occupics the region structurally known as
the Ardmore basin from a point about two miles north of Berwyn
southwest to the Criner Hills and from the Redbeds contact at Deese
eastward to the Cretaceous overlap near Norton. The general strike
of the beds, which are usually steeply inclined, is N. 70° W. The
formation, however, contains many irregularities of structure and has
never been studicd in sufficient detail to determine its thickness.

If the Glenn formation has an equivalent north of the
Arbuckle uplift it has not yet heen determined,

Franks conglomerate:—The T'ranks conglomerate is an irregular
formation composed of water-worn limestone, chert and granite
boulders, local sandstone ledges and beds of shale. The boulders are
fragments of the limestone and other rocks that were washed out into
the surrounding sea after the Arbuckle uplift, that occurred in Penn-
sylvanian times. This formation is, therefore, Pennsylvanian in age.
It has its greatest development in the western part of the region where
it is many hundred feet thick. On passing castward along the north
side of the uplift, however, it decreases both in thickness and coarse-
ness of material until its horizon is finally assumed by limestones.

So far as present data show there is no known equivalent of the
TFranks conglomerate south of the uplift, though there are reported
to be some conglomerate beds above the Glenn formation in the Ard-
more region.

STRUCTURE OF THE ARBUCKLE MOUNTAINS,

To those unfamiliar with the interpretation of earth movements
the preceding discussion might appear to mean that the whole of the
Arbuckle region was in a state of rest from Cambrian to Pennsyl-
vanian times, and that great orogenic movements occurred at the
latter period. Such, however, was not the case. The change from
sandstone to shale usually means that the surface of the region
receiving deposits has gradually moved downward until it is further
from shore and the water deeper, so that only the finer silts reach
that locality., A grading from shale into limestone, generally speaking,
means that the depression progressed still further; that the land mass
is further removed from the arca in question and that the water is
probably deeper. Changes in the kinds of sediment are also brought
ahout by the wearing down of the land which is supplying the material,
Thus, then, cach succession of sandstone, shale and limestone; shale,
sandstone, etc., means that either; (1) the sea floor has subsided and
the region receiving sediments was farther from shore, or (2) the
land supplying the materials which go to make up the rocks has been
worn down so nearly level that the streams-are slow and sluggish and
carry only the finer mud and silt into the sea. Usually these two
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[ processes are combined: that is to say, when the sea floor is sinking the
radjacent land is also subsiding, thus bringing the water level and the
tland level nearer together, so that the mouths and sources of the
'streams are approaching the same elevation. In consequence the cur-
‘rents are lessened, and the coarse gravel and sand are dropped near
ithe stream sources and omly the fine material in suspension reaches
.open water. , ' ‘

f By a study of the geological section of the Arbuckle Mountains,
‘bearing the above facts in mind, one sees readily that the forces of
‘elevation and depression .wcre continually at work. In other words,
ithe region was almost continually undergoing changes in elevation,
‘These minor changes, however, were slow and deliberate, -and ele-
‘vated the region as a whole, and resulted in very slight deformation
of the strata; in fact, if there was any folding or- faulting at all in
those earlier times the evidence of their occurrence has not yet been
inoted.

At the close of lower Carboniferous times great mountain making
forces were brought to bear upon the region, and not only was it
again elevated, but the thousands of feet of limestone, sandstone, shale
and conglomerate which had been accumulating through past ages
were crumpled and mashed almost like putty, and great faults or
breaks were formed througli the whole series so that the edges of
formations slipped by each other, in some instances, for more than a
thousand feet. It was during this early mid-Carboniferous period
fhat the major portion of the present structure of the Arbuckle and
Criner Hills regions was formed.

During late Carboniferous times there was another subsidence
and the Permian Redbeds were deposited across the west end of the
region, doubtless extending much farther southeast than they now
occur. This deposition was followed by another long period of ele-
vation and erosion, which was succeeded by a great depression, when
the Cretaceous sea spread out over the whole region, and far to the
morthwest, and hundreds of feet of sandstone, shale and limestone
'}were again deposited. The Cretaceous subsidence was followed by
@ general and uniform elevation of the entire country, since which
the Arbuckle region has not suffered inundation.

\ The great forces, which, during Pennsylvanian times, folded and
faulted the rocks of the Arbuckle Mountains threw the whole region
ljnto great upfolds, or anticlines, and downfolds, or synclines, com-
parable to the crests and troughs of waves at sea. These folds have
a general northwest-southeast trend parallel to that of the mountam
range. Taff?® has named and defined seven of these great folds, four
anticlines and three synclines. The names given are from the princi-
pal towns or other geographic features on or near the fold. The
names of these great structural arches, named in order from north-

—.

23 Taff, J. A., Prof. Paper U, 8. Geol. Survey No. 31, 1904.
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east to southwest, are, Hunton anticlix}e, Wap?npcka syncl_ine, Bellt'o:el
anticline, Mill Creek syncline, Tishomingo anticline, Washita synclit

and Arbuckle anticline.
CRINER HILLS.

The Criner Hills is a small range of limestone hills a;bout :}11;
miles southwest of Ardmore, that is about flfteeq miles dr?tl:ati °
main Arbuckle ran,lqe. The}; ttliendCN'qiiol}I}\i/l'ls ’It‘:ey}cl)i:geyr aPormatiogs

and the relations of the CLru ;
;Zg};}:’in all essentials to be analogous to those pf the Arbu;lcktI}e: l\é?:trlln
tains. The contact between the lower Paleozoic rocks an " eest et
formation was produced by faulting, except along the n(zlr Vé st end
and for a short distance on the northwest 51de,‘whe1r.e; e e
unconformable upon the older rocks. In fact, this uplift may w
thought of as an outlying fault block of the Arbuckle range.

i ills i iniature reproduction
The topography of the Criner Hills is a miniati _
of thateof pﬂi Rrbuckles proper. The drainage 1s southeastward

h Hickory Creek to Red River. ' )
thrOUI% 1is nlgt kg’own how far the faulting of the Criner Hills extends

beyond the line of contact between Carboniferous and lower Pﬁleoim[c]
rocks but since the uplift is essentially a fault plock coming up 1rc3dgr_
Pennsylvanian strata it seems probable that it may extend conside

able distances in both directions.

WICHITA MOUNTAINS
INTRODUCTION.

first study of the geological features of the W1ch1ta Mour}:
tainsT\L]ss made by yGeo. G. hSl;:umlz{lrd% 1:}111y511§:(11n It{(i)vg;eirltdirgcseg e)’clP}fS:e
tion, which explored North Fork ot the dver In 19 2 oner
was nothing further done in the study of the Wichitas ) e
ill, i 1, attempted to show a structural relation between
I(-)Izllall’c}:?talfngd Wichits Mountains. In 1896 T. Wayland Va.ughiln-meaii)e;
some observations on the limestone to the not:th of the maxr}tﬁ V% °
the Wichitas and in 1899 T. B. Comstock, in company Wi In. the.
Cummins, made a reconnaissance pf a part of .the nl'lountamse.S In e
same year H. Foster Baindir:)vestt}:gated I:h;f rjm}:ra’.rarfefszi)ui;c o his
i s followe e wor . A )
Ir]cleglcl):ttatl:;isﬁgllt)uvlvalaisl1ed in 1901 as Professional Paper No. 311d2?"f t::
Federal Survey. The year following (1905%) Chas’.r N..tGrouin w}I:ich
pared a report on the water resources gf leahoma Territory ok
he also discussed the geology of the Wichita Mountains.

g 31, 1904, pp. 51-81.
. of. Paper U. S. Geol. Survey No. 31, 5.
§§, gg{lﬁd.‘T'cﬁz{s.PltI.. water-Supply Paper U, S. Geol. Survey No, 148, 190
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TOPOGRAPHY.

The extreme length of the Wichita Mountains from the Carlton
Mountains, on Medicine Bluff Creek near Fort Sill, to the last gran-
ite hill that disappears under the high prairie eight or ten miles west
of Headquarters Mountain, at Granite, is seventy miles; while the
extreme width from Rainy Mountain to the southwestern granite butte
on North Fork of Red River, six miles southeast of Navajoe, is thirty
miles. The mountains, however, do not consist of a continuous range
throughout this region but of scattered ranges, peaks and short chains,
the bases of which are buried beneath the surrounding plains.

The Wichita Mountains, for the purposes of this report, are
divided into three groups, namely: (1) the main range; (2) western
group, and (3) limestone hills. Taff? makes many smaller divisions
but this grouping lends itself more readily to the purposes of brief
discussion and is therefore used. The formations of the first two
groups consist of pre-Cambrian igneous rocks—that is rocks of the
granitoid types—while those of the limestone hills, as the term sug-
gests, are chiefly limestone, though there is a large inter-fault block
of granite-porphyry a few miles west of Richards,

The surface features of the main range and the western group
are characterized by high jagged peaks and long ridges separated by
narrow valleys. The topography of the limestone hills is similar,
except that the ridges are more rounded and the peaks less jagged.
The entire system is surrounded by the nearly level lying formations

of the Redbeds plains of Permian age. :

The Wichita Mountain drainage belongs to the Red River sys-
tem, though much of the water from the vicinity of Cooperton and
Rainy Mountain detours by way of the Washita River. The runoff
from the east end and northeast face of the system is through Cache

Creek, while that from the west end flows through North Fork of
Red River.

GEOLOGY OF THE WICHITA MOUNTAINS
MAIN RANGE

The term main range, as here used, includes the Wichita and
Raggedy Mountain groups of Taff, and extends from a point near old
Fort Sill, northwestward about two miles beyond Cold Springs. The
general trend is N. 70° W,

The mountain making formation of this region is the pre-Cam-
brian igneous core of an old mountain range which was elevated and
deeply eroded during post-Ordovician times, and before the Permian.
The exact time of the uplift cannot be determined, because the Per-
mian Redbeds are not sufficiently removed to expose the sedimntaries

above the Ordovician.

26 Taff, J. A., Prof, Paper U. 8. Geol. Survey No, 31, 1904,
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The rocks of the main range consist of granite-porphyry at the
eastern end, which gives place to granite in T. 3 N., R. 13 W. The
granite range is continuous nearly to Cooperton, when it is broken
by Redbeds invasion, and reappears as a chain of low granite hxl}s
beyond the town. The granite is flanked on the northeast by a basic
rock resembling gabbro. The west end of the range is composed of
a similar basic rock which extends from a point two miles east of
Cloverton to the western limit of the range. Like the igneous rocks of
the Arbuckle Mountains, these are cut by frequent dikes of associated
intrusives. Aporhyolite is frequent among the true granites. Dia-
base dikes cut through at various angles, and quartz stringers are
quite common in the more basic occurrences.

The extreme width of this range is about thirteen miles, while its
length is approximately forty miles.

THE WESTERN GROUP.

The western group of the Wichita Mountains consists of the
small scattered knobs, peaks and short ranges extending from near
Snyder, northwestward to the last remmant of igneous rock which
appears above the level of the Redbeds northwest of Granite. These
knobs and hills are composed entirely of granite, or its acidic asso-
ciates, and are frequently cut by dikes both acidic and basic. The
occurrences are too much scattered to admit of detailed discussion.
The largest single body, known as Devil'’s Canyon Mountain, is situ-
ated in a big bend of North Fork of the Red River southeast of Lugert.
The greatest extension of this mountain is about six miles, parallel to
the trend of the system, while its greatest width is about three miles.
Other peaks worthy of mention are Quartz, Headquarters, Navajo,
Tepee and Dome mountains. ,

LIMESTONE HILLS.

This division of the Wichita Mountains consists, in the main, of
a chain of limestone hills which parallel the 'nfain range from the
southern corner of T. 4 N.,, R, 12 W. to Rainy Mountain Mission,
a distance of 25 miles. The stratigraphy, so far as exposed, 'is anal-
ogous to that of the Arbuckle Mountains and the classification and
description there given applies equally well here. There is an occut-
rence of granite-porphyry east of Dlue Creek in the northeast corner
of T. 4 N., R, 13 W. which is overlain by the Reagan sandstone,.thls
being succeeded by the Arbuckle limestone, while three rounded lime-
stone knobs near Rainy Mountain Mission are composed of Viola
limestone. These limestone hills, together with some small outcrops
of the Arbuckle limestone occurring south of the main granite range
at Fort Sill and northwest of Lawton, constitute all the known lower
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Paleozoic sediments of the Wichitas. The structure of the sedi-
mentaries is usually monoclinal. The prevailing dip is at high angles
away from the granite in the middle of the range, but local crumpling
and faulting are of frequent occurrence.

PERMIAN BEDS.

In discussing the general geology of the Arbuckle Mountains it
was stated that the Redbeds extend unconformably across the western
end of the Ordovician, Devonian and older Carboniferous rocks. This
contact extends southeastward from the western extremity of the
Arbuckle uplift to Caddo Creek, thence southward to the Cretaceous
overlap, where it is partly covered by Cretaceous formations. The
exact line of contact of the Pennsylvanian and Permian rocks north
of the mountains has never been determined. A preliminary survey
in 1904, by Chas. T. Kirk, scems to indicate that the base of the
Permian is probably along a northeast-southwest line passing through
Purcell toward the west end of the Arbuckles. If this is correct the
Redbeds formation is not confined entirely to Permian rocks, but
extends downward well into Pennsylvanian strata.

The Permian formations usually dip northwestward, away from
the Arbuckle uplift, at Jow angles. As they approach the Wichita
Mountains, they become more and more level and in the vicinity of
the Wichitas the dip is slightly away from.those mountains in all
directions. These dips, however, are probably due to deposition upon
a sloping sca bottom rather than to deformation, West of the Wichita
Mountains the Permian formations continue to the State line.

As a rule the Redbeds show little or no structure other than that
due to irregular sedimentation. There are;, however, a few localities
where local folding and faulting have occurred. Iocal faults are
known to exist near Arthur and in the vicinity of Loco, while a small
anticlinal fold occurs a few miles northeast of the little town of Hope.

The sedimentation of the Redbeds formations was very irregular.
Sandstones are lenticular and as a rule cross-bedded, while the char-
acter of the shales is constantly changing from a pure clay shale to
a sandy texture. From the vicinity of the Arbuckle Mountains west-
ward to a point twenty miles beyond the Wichita range, the Redbeds
are composed of sandstones, clay, and arenaceous shales. West of
the Salt Fork of the Red River, however, several ledges of gypsum
and a dolomite member appear, interstratified with the clay shales
which are usually of a red color.

The Permian Redbeds have yielded very few fossils. Several
‘localities which contain plant remains are known in the northern part
of the State. ‘One locality which yields invertebrate fossils is near
Whitehorse. There are several places, both in Oklahoma and Texas,
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where vertebrate remains have been found. The paleontology of the
Redbeds has not yet been carefully worked out, but all available data
seem to indicate that the rocks of the series was deposited during
Permian times.

THE CRETACEOUS SLOPE

The Cretaceous slope occupies that portion of Oklahoma which
borders the Red River and extends northward from that stream an
average distance of about fifty miles. It extends from the southeast
corner of the State, westward to a point a few miles beyond .the Gulf,
Colorado and Santa Te Railway. The rocks usually dip southeast-
ward at low angles. The chief topographic features consist in long
low ridges or chains of hills, having a general east and west trend,
caused by the outcrop of alternating hard and soft strata. The drain-
age is southward into Red River, usually by small streams, though
the Washita, Kiamitia and Little rivers pass through the region.

The basal member of the Cretaceous series is known as the Trin-
ity sandstone. It varies in thickness from 400 to 1,500 feet and con-
sists, in the main, of rather fine grained, unconsolidated beach sa.nds.
The remainder of the series in Oklahoma consists largely of lime-
stohes and shales of the Fredericksburg and Washita groups. A
formation known as the Woodbine (or Silo) sandstone occurs near

the Red River.

So far as has been discovered the asphalt of this r'egion all occurs
in the Trinity formation, which is also probably the oil and gas-bear-
ing horizon at Madill.

REGION OF PENNSYLVANIAN ROCKS

The Pennsylvanian rocks, as included in the map accompanying
this report, are exposed in a region bounded on the north by parallel
35° north latitude, lying northwest of the great Choctaw fault, and
north and northeast of the Arbuckle Mountains. The region extepds
west to the Pennsylvanian-Permian contact, and east to the State line.
It includes the great coal-bearing area of Oklahoma extending from
Coalgate to the Arkansas line. The stratigraphy of the region is not
of special interest in this report, inasmuch as the rocks are not known
to contain asphalt at any place.

The lowest formation exposed is the Wapanucka limestone,
which occurs just above the Caney shales already described. A great
series of shales, sandstones and coal succeeds the Wapanucka lime-
stone aggregating a thickness of perhaps more than 10,000 feet.
These formations have been mapped in detail in the Atoka and Coal-
gate folios and in a general way in several papers on the Choctaw
Coal Fields, by Taff.
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OUACHITA MOUNTAINS

The portion of the Ouachita Mountains lying in Oklahoma
occupies a V-shaped region lying between the Choctaw fault and the
outcrop of the Cretaceous rocks. The Choctaw fault passes from
near Atoka northeastward past McAlester and Wilburton, thence east-
ward to the state line. The northern line of Cretaceous deposits
extends from near Atoka southeastward past Antlers to the State line,
beyond Eagletown. The maximum elevation of the mountains occurs
near the southwest corner of T. 3 N., R. 26 E. where Rich Mountain
reaches a height of a little over 2,850 feet above sea level. The min-
imum altitude recorded in what may be properly considered the
Ouachita region is a little less than 350 feet at the point where Moun-
tain Fork River crosses the line between townships 5 and 6 south.
The range in altitude is about 2,500 feet.

The rocks of the Ouachjta Mountains consist of a great mass
of sandstone and shale of Carboniferous age, probably Pennsylvanian;
certain basic intrusions and associated metamorphic rocks in north-
eastern McCurtain County; cherty shale, with occasional siliceous
limestone strata exposed in six areas in various parts of the region.
But little detailed information has been published on the rocks of the
Ouachita Mountains except in the northeastern corner of the Atoka
quadrangle where Taff?" has described a number of formations.

TOPOGRAPHY.

The Ouachita Mountains consist of groups and ranges of prom-
inent hills and mountains usually separated from each other by broad
plain-like longitudinal valleys.

The most prominent group is the Potato Hills north of Tuska-
homa. These hills consist of a number of small dome-shaped mounds
and rounded cones, composed of Talihina chert, which rarely exceed
1,300 feet in height. Their arrangement is in roughly parallel rows,
but considered as a whole they form an oval shaped group rather than
a range or chain. .

Kiamichia Mountain extends from the Arkansas line westward
to Tuskahoma as a single high ridge through which there are no
passes. At Tuskahoma the general trend is southwestward. This
change in direction coincides with the change in strike of the moun-
tain-making formations southwest from Tuskahoma. The range
spreads out and is split into several smaller and lower ridges, that
extend south nearly to Antlers, and southwest to the northeast corner
of T. 3 S, R. 13 E. The Kiamichi River breaks through the northern
ridge of the mountain near Tuskahoma and flows along a longitudinal
valley as far as Kasoma, near which point it becomes a transverse
stream.

27 Taff, J. A., Folio (No. 79) U. 8. Geol. Survey.
Bull, U, S. Geol. Survey No. 280, p. 286 et seq.
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Rich Mountain, which extends from Arkansas west about twelve
miles into Oklahoma, is the highest mountain in the region. It is
succeeded by Winding Stair Mountain which extends northwest about
thirty-five miles, and is in turn succeeded by chains of lower hills.
Jackfork Mountain lies west of Tuskahoma between the head waters
of two branches of Jackfork Creek.

Winding Stair Mountain is succeeded on the north, Kiamichi
Mountain on the south, and Jackfork Mountain on the west by
smaller ridges and lower ranges which finally disappear beneath or
merge into the surrounding plain. :

"The Kiamichi River, the principal stream of the mountains, rises
near the Arkansas line in the gorge between Kiantichi and Rich moun-
tains, and flows west through a rapidly widening valley as far as
Tuskahoma, where it breaks through the Kiamichi Mountain and
flows southwestward to Antlers. At this point it swings abruptly to
the southeast and flows into Red River a few miles southeast of Saw-
ver. Throughout its course from the state line to Tuskahoma the
Kiamichi River flows near the south side of a broad inter-montane
valley, and where the stream turns southward through the mountain,
the vallev extends on to the west. A few miles south of Talihina the
broad valley is divided by the Potato Hills. It, however, reunites
west of these hills to form the valley of Jack Tork Creek, which is
again divided in the northeast corner of T.2 N., R. 17 E. by Jackfork
Mountain. That arm of the valley which passes north of the mountain
is reduced to a pass between the west end of Jackfork and “Baldy”
mountains but the south arm is kept open by Buck and Forbes crecks
and spreads out west of Jack Tork Mountain to form the McGee
Creek valley, arms of which are continuous as far as Atoka.

All the known asphaltite deposits of the Ouachita Mountains,
except the occurrence at Page, are either in this long inter-montane
valley or contiguous to it.

GEOLOGY OF THE OUACHITA MOUNTAINS.
IGNEOUS AND METAMORPHIC ROCKS

The igneous rocks of the Ouachita Mountains consist of basic
dikes, extending nearly east and west where they are exposed along
Mountain Fork in the region east of Hochatown in eastern McCur-
tain County. Phillite, slate, schist and quartzite such as usually accomp-
any like intrusions into candstone and shale sediments are associated
with the intrusives. A very striking feature of the region is the great
abundance of quartz stringers and dikes which penetrate the meta-
morphics for from five to fifteen miles in all directions from the
exposures of intrusives. The road southwest from Hochatown to
beyond Lukfata Creek is strewn with angular quartz boulders weath-
ered from dikes of almost pure quartz, which cut the changed sedi-
ments in all directions. E
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There has been no detailed study of the igneous region, mnor so
far as known, has it been previously reported in Oklahoma. Investi-
gations made in the region during the last season demonstrated that
there are basic intrusions east and southeast of Hochatown. From
data obtained it is probable that the region occupied by the intrusive
rocks is approximately as tentatively mapped.

SEDIMENTARY ROCKS

The sedimentary rocks of the Ouachitas consist of a vast thick-
ness of sandstone, shale, and chert, the age of which. has not been
definitely determined. As generally understood the rocks consist
largely of deposits of Ordovician and Carboniferous age. Five forma-
tions are represented so far as present data show.' These are: String-
town shale, Talihina chert, Standley shale, Jack Fork sandstone and
Caney shale, the latter being succeeded by the Atoka formation.

Stringtown shale:—The Stringtown shale as reported by Taf
consists of black and biue shales, of Ordovician age, which occur in
two locations in the region of the Ouachita Mountains. One occur-
rence is in the Potato Hills north of Tuskahoma, the other is between
Black Knob Ridge and Atoka, and extends from Stringtown to the
Cretaceous outcrop. The exposure in the former place is occasioned
by the wearing away of the Talihina chert which overlies the String-
town shale, while the latter outcrop occurs along the upthrown side
of the Choctaw Fault. About 6oo feet of the formation are exposcd
but the base is not yet in sight.

The Tdlihina chert:—The T alihina chert formation, of Qrdovi-
cian age, is about 1,200 feet thick and consists of a black bituminous
shale and chert at the bottom, grading upward into greenish shale
toward the center, which in turn gives place to novacculitic chert ot
the top. So far as known this formation occurs in, but two regions,
the Potaato Hills and Black Knob Ridge.

Devonian and Silurian rocks:—The occurrences of Silurian and
Devonian rocks seem to be very meager and relatively unimportant.
Rocks said to be of these ages are found in four small, widely sepa-
rated areas. Cherts and black shales of probable Silurian and
Devonian ages are reported from the northwestern part of T. 2 N.,
R. 15 E. and in the corresponding part of T. 3 N., R. 17 E.; while
some chert, probably of Devonian age, is found near the northeast
corner of T. 1 N., R. 13 E. and in the northeast part of T. 4 N, R 21
E. None of these outcrops has been mapped in detail nor given forma-
tion names; nor is their stratigraphic position well understood.

Standley -shale:—The Standley shale of Carboniferous age is a
shale and sandstone formation estimated to be 5,000 feet or more thick.
The formation is composed of blue, black and greenish shales inter-
stratified with thin-bedded, usually friable, sandstones which, in rare

£28

28 Taff, J. A., Bull, U. 8. Geol, Survey No. 380. p. 290.
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instances, attain a thickness of 100 feet. On account of its friable
nature this series of rocks weathers very easily. It is the valley-
making formation of the Ouachita Mountains. The valleys of Kia-
michi River, Ten Mile, Jackfork, McGee and Potato creeks are cut
down into the Standley shale between beds of steeply dipping sand-
stones which belong to the Atoka and Jackfork formations. '

The age of the Standley shale is an unsettled question. In the
Atoka Folio?? it is described as “following the Talihina chert in grad-
ual transition,” and is classified as Silurian in age. A few years later
the same authority3? says the Standley is of Carboniferous age and
mentions several widely separated occurrences of chert and cherty
shale which he says are: of Silurian and Devonian age. The Talihina
chert, however, is classified as Ordovician in both papers, while Girty3!
is of the opinion that the Standley is unconformable above the Talihina.

Jackfork sandstone:—The Jackfork sandstone occurs apparently
conformable above the Standley shale, and consists of massive ledges
of fine grained brown sandstones, some of which are more than fifty
feet thick, interstratified with thin shale beds. The entire section is
not known to be exposed at any point, but from such studies as have
been made it is estimated to be not less than 5,000 feet thick.

The Jackfork is the great mountain-making formation of the
QOuachita Mountains. Its most extensive exposures are in Jackfork,
Kiamichi, Rich and Black Fork mountains. So far as known this
series of beds has yielded no fossils, and definite classification is there-
fore impossible. It was first classified as Silurian,3% but additional
data seem to point to its being Carboniferous in age.38

Caney shale.—The Caney shale which consists of about 8oo feet
of black and blue shale, with occasional boulders of foreign material,
lies above the Jackfork sandstone, and is now tentatively classified
with rocks of Pennsylvanian or mid-Carboniferous age.3* The age
and stratigraphic relations of this formation, however, are as yet not
well understood. The Caney shale of the Ouachita Mountans has
the same lithological and faunal characteristics as that of the Arbuckle
Mountains, and is undoubtedly of the same age, but the formations
which it overlies in the two regions are entirely different in all respects.
The first classification, in which the Caney was considered to be of
Mississippian age, was based on observations made in the Arbuckle
1902'2.';1.’1‘;\'”. J. A, Atoka follo (No. 79), Geol. Atlas U. 8., U. S, Geol. Survey

30 Taff. J. A., Grahamite deposits of moutheastern Oklahoma: Contrib. Econ.
Geology, 1908, Bull. U. 8. Gevl. Survey No. 380, 1908, p. 289,
31 Girty, Geo. H., Fauna of Caney shale of Oklahoma, Bull, U. 8. Geol. Survey

No. 377, 1909, :
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region, but when it was founnd that the Standley and ]ackfor(l:( are
probably Carboniferous a revision seemed necessary, and the Caney
is now tentatively considered Pennsylvanian in age. The question,
ms to be still open. .
howz&z;eze;ormation:—-'—Thg Atoka formation is composed of alternati
ing strata of sandstone and shale, and has an aggregate .thxcknelss o
3,000 to 6,000 feet. The sandstones are most abundant in the lower
half of the formation, and have their greatest known development n;
Winding Stair Mountain, where they attain a thickness of severa
thousand feet, and become the mountain-making rocks of the region.
The Atoka formation is well developed throughout _the south s:d.e
of the Choctaw coal field where it immediately }mderlles the Harts-
horne sandstone. It is of Pennsylvanian age a{ld is fhf’- only formation
of the Ouachita Mountains, the age of which is Fleﬁmtely determined.
The Atoka occurs just above the Wapan}xcka limestone northeast of
the Arbuckle Mountains and forms a considerable ,portlon”o‘f' the roc}fs
in the area described as “Region of Pennsylvania .Rock_s in the dis-
cussion of the Geology of the Arbuckle Mountains in this report.

STRUCTURE OF THE OUACHITA MOUNTAINS.

The sturcture of the Ouachita Mountains has never been descrlbe.d
with even approximate accuracy, nor indeed', can it be until thelsftr';tl-
graphic relations are better under§tood. It is hoped that several 10 Tlgs
soon to be published by Taff will throw light on t.he sul?Ject. 3
Choctaw fault forms, roughly, the quadrant of an ellipse with one ex;1
of the major axis at Atoka and may be cqnsnc_lerf:d .the lfey tlo the
gross structure of the entire system. The Kiamichi River is a longt-
tudinal stream throughout almost its entire course in the r.nountfalr;ls,
and by reference to the maphits pa.rallehg? with that portion of the

he Choctaw fault shown is readily seen.
COM?IShZfsttrata of the region are often crumpled and abruptly f,oldec}.
Faults are known to occur at Jumbo, in McGee and Jackfork valleys,
and in Black Fork Mountain. In each' case fnentxoned Fhe faul'tls
locally contain merchantable deposits of impsonite, grahamlte or gil-
sonite. Just how much of the arrangement and location of the pr11t3C1-
pal mountains and valleys is due to folding and how much to faulting
is uncertain, but it is believed that folding has played the more prom-

inent part.



CHAPTER III.

ROCK ASPHALT DEPOSITS.

INTRODUCTION

. The area of Ok]ahqma w:ithin which rock asphalt deposits occur
ies south of t»he Cana(hm} R}ver, or to be more exact, south of the
Raral]e! of 35° north lat'xtude, except the undeveloped region necar
fton in Ottawa and Craig counties, and extends from the Krkansas-
(31(1:1]1011121 line to the west end of the Wichita Mountains in Gre;:r
County. Rock asphalt deposits of promise have becen examined in
nearly every ocunty lying wholly within this region except Choctaw
E]olzct)litanyd '5111{)11;111‘ counties, and of these it ,is believed that at least,
(levetlc;})\:n;]lt, e found to contain asphaltic deposits worthy of
The flcl(} study preliminary to this report revealed several
fcatures‘ of. interest connected with rock asphalt deposits.  One of
great .SCXC!‘I.tlf‘lC interest is the heterogenous occurrence of .léns-sha ved
deposits within the horizon of the Trinity sand,, a formation I of
Lretaceous‘agc. in the southern part of the §£ale espc(ciall in
Marshall County. The deposits of bituminous rock’of this cglunt
are all of sangl asphalt, cotnained within the Trinity whicil is 40c)),
feet or more in thickness. Though detailed observa’tions were not
taken, the. st.udy lead to the conclusion that these asphaltic lenses are
not all within the same horizon or level of that formation and that
they are not confined within the limits bounded by lithological changes ;
in fact they seem to have been oil pools suspended, as it were ‘inbthé
Trinity in much the sdme manner in which Munn3 says the oil pools
of th’? Sewickley quadrangle, Pennsylvania, are in the “Hundred foo‘t
sanc_l of that region, except that in this region the asphalt bearin
Ien:uls do not, ordinarily, show a conglomeratic character. It ig;
believed that a study of these “fossil oil pools” may shed I ht :
probable methods of oil and gas accumulation. g o
Another point of interest is the frequent absence of faulting in
connection with the asphaltic deposits. It has long been c011si(l§red
that the asphaltic impregnation of the rocks of southern Oklahoma
was, as a rule, along fault lines, and that the bituminous matter is
the residuum of oil which has been conducted from deeply buried oil
pools along the fault planes as channels. The investigations of the

35 Munn. M. J., Studiez in the applicatio :
gas accumulation: Economic G’reology.p x%’ol. IV!j I?Ig.tg,e 185333(:1;:3.8‘ 114?1-613.%?' of ofl and
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past summer, however, do not bear this out. The Brunswick and
Buckhorn districts in Murray County contain a number of faults each,
but it seems that the faulting is not essential for impregnation,
because those beds which are asphalt bearing along the faults are also
richly bituminous at points well removed from faulting. It therefore
seems that the effect of the faulting, crumpling, and upturning of the
strata has been, in the main, to expose the oil bearing formations, and
allow the escape of the volatile oils, thus leaving the non-volatile
asphalt in the place formerly occupied by the petroleum pool, rather
than that faulting has permitted the escape of petroleum from oil
deposits, the original seat of which still lies buried at great depths.
However, in the case of some of the mines in the Brunswick district,
which occur along pronounced faults and at a horizon (the Viola)
above the Simpson, which is known to have heen highly petroliferous
at other places, it seems quite probable that the zone of impregnation
may have been enriched by uprising petroleum from the Simpson.

There are, however, some notable exceptions to the general rule
that faulting is not essential to saturation. There are a few
deposits of rock asphalt along lines of fracture in the Permian Red-
beds of Stephens and Jefferson counties in which the rocks are locally
saturated with asphaltic bitumen on both sides of the fault. The same
rocks are non-bituminous at distances from the fault and there is
reason to believe that the rocks underlying the Redbeds are of the
same age as the highly asphaltic series of Pennsylvanian beds in
Carter County. In these cases it is believed that the fault plane has
acted as a conduit through which the asphalt has risen.

ROCK AND VISCOUS ASPHALT OF THE WICHITA
MOUNTAIN REGION
ROCK ASPHALT DEPOSITS.

The known deposits. of rock asphalt in the vicinity of the
Wichita Mountains consist of sandstone saturated with asphaltic
bitumen. There are altogether five occurrences which have heen
examined by members of the Survey staff. Iour of these occur near
the east end of the mountains in Comanche County, a little above the
base of the Permian Redbeds, as mapped by Taff?¢ and Gould, while
the fifth one is near Lugert in western Kiowa County. Several other
occurrences are reported from near Rainey Mountain Mission but
these reports have not yet been verified.

Location number one:—This location consists of a sandstone
asphalt quarry in sec. 26, T. 4 N, R. 11 W. about three or four miles
west of Elgin, a station on the St. Louis and San Francisco Railroad.
The deposit was worked a few years ago by the Lawton Asphalt

a6 Taff, J. A., Geology of Arbuckle and Wichita mountains: Prof. Paper U, S.
Geol, Survey No. 31, 1904, map op. D. 64.
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Company, and considerable quantities of the material were used for
paving the streets of Lawton. The exact condition of the pit is not
now known, but from earlicr reports it is probably not exhausted.

Location number two—Il.ocation number two is on the NE. 4
sec. 24, T. 2 N.,, R. 11 W,, about six miles northeast of Lawton, It
consists of a small, poorly exposed outcrop of.sandstone saturated
\\_nth asphaltic matter, and an oil seep or spring. The oil spring is
situated in a small ravine near the north line of the above described
land. The flow is very slight, and the spring is insignificant as a
source of crude oil. The rock asphalt examined was found near the
southwest corner of the same quarter section on which the spring is
located. The deposit has never been prospescted systematically and its
possible value is unknown, but from what could bhe seen (luriuf;r a hasty
reconnaissance it is believed that the deposit would probably pay if
developed.

The structure at this place is monoclinal. The prevailing dip
seems to be S. about 20° E. at low angles, though the false bedded and
lenticular character of the formation rendered accurate observations
impossible. '

Location number three:—The rock asphalt deposit here described
as location number three is a deposit of sand asphalt located near the
center of the W. 4 NW. 14 sec. 21, T. 2 N,, R, 12 W,, about six
miles northwest of Lawton. The occurrence, which is along a zone of
local faulting, has been exploited to considerable extent, but the
asphaltic content appears to be too low for profitable mining, except
as an adulterant for rock asphalt richer in asphaltic matter.

Location nmumber four—Location number. four consists of a fine
conglomerate which contains a low per cent of asphaltic matter. The
deposit occurs in the south bank of the North Fork of Red River
about one and one-half miles west of Lugert, a station on the Kansas
City and Orient Railroad eight miles south of Lone Wolf. The forma-
tion in which the bituminous matter is found is lenticular in form, of
limited extent, and appears to be an out-wash conglomerate from the
near-by mountains. It has never been prospected sufficiently to reveal
its character where there is considerable overburden, so the value of
the unweathered material is not known. However, the asphaltic con-
tent at the outcrop is not sufficient to make the deposit appear
valuable.

Localion number five:—The occurrence here described is a
deposit of rock asphalt in SE. 4 sec. 29, T. 5 N., R. 12 W. which
was reported by Pierce Larkin. The occurrence is in the Permian
Redbeds about eight miles southwest of Apache, and near the Lime-
stone Hills. The extent and character of the deposit are unknown.
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VISCOUS ASPHALT DEPOSITS.

So far as known at present the viscous asphalts of the region
under consideration occur near the west end of the Wichita
Mountains in the vicinity of Granite and Mangum. The first
discovery was made during 1901 when a very heavy asphaltic petfolcum
was discovered a few miles north of the town of Granite at a depth of
168 feet. About the same time a hole was drilled a few miles east of
Mangum, from which a small amount of heavy asphaltic petroleum is
reported to have been taken, ‘

During the present year the Ruggles Granite Company was pros-
pecting its quarry site about two miles west of Granite and
encountered a small deposit of semi-viscous bitumen at a depth of
about fifteen feet in the solid granite. The amount present has never
been determined but it is not supposed to be in paying quantities.
Some pieces of considerable size (1"x2"x3") were blown from the hole
by the blast and one of them was presented to the writer by Mr.
Ruggles. The most interesting feature of the sample is the fact that,
though it came from a depth of twelve or fifteen feet below the
surface of the granite, it contains large fragments of blue clay shale in
an undisturbed condition, thus showing that the asphaltic material is
intimately associated with clay shale in the granite and strongly sug-
gesting a possible genetic relation between the sedimentary rocks and
the asphaltic bitwmen.

ORIGIN OF THE ASPHALT.

The known deposits of rock asphalt in the vicinity of the
Wichita Mountains, as previously stated, occur near the base of the
Permian Redbeds. These beds, owing to their highly-oxidized and
non-fossiliferous condition, are incapable of having given rise to
hydrocarbons, hence the bituminous matter has doubtless been trans-
ported from the place of its origin to the present position. So far as
exposed by erosion the same series of fossiliferous and bitumen
hearing strata surround the Wichita Mountains as is found in the
vicinity of the Arbuckles. It is therefore thought that the asphaltic
material locally impregnating some of the sandstones in the region
under discussion had its origin in the older strata below the Permian
and has since been transported to the superimposed Redbeds.

The heavy petroleum discovered near Granite and Mangum are
thought to be of similar origin, hut it does not at first seem possible
to attribute the origin of the bituminous matter at the Ruggles quarry
to that source, owing to its occurrence in pre-Cambrian granite. The
association of clay shale with the bituminous matter, at first suggests
that the deposit is probably an inclusion within the granite. If such
is the case the included material must necessarily be of pre-Cambrian
age, for wherever the contact between the Canibrian sediments and the
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granite is exposed it is seen to be by unconformable overlap unassoci-
ated with evidences of metamorphism. Nor does the shale with the
bitumen seem to have been altered. This unchanged condition of the
clay shale forces us to the conclusion that the material discovered was
probably found in a nearly horizontal joint, many of which exist in
the granite of the region;, where it had collected with the clay shale. -

ROCK ASPHALT OF JEFFERSON COUNTY

The rock asphalt of Jefferson County so far as is at present
known occurs in the northeastern part. So far only three deposits
have been studied by the Survey. Like the rock asphalt of western
Carter County, the Jefferson County occurrences are found in the
Permian Redbeds.

Location number one.—This location consists of 160 acres of
segregated asphalt land in the center of sec. 25, T. 3 S, R. 5 W. The
northwest forty acres of the tract has never been under lease, but
the east half and the southwest quarter were under lease to the Tar
Springs Asphalt Company in 1904, and is probably still held hy that
company. During the early development of the Oklahoma asphalt
industry a refining plant was built on this deposit for the purpose of
extracting the asphalt from the sandstone. The plant, however, was
burned, after which the opecrations have consisted in hauling the
sand asphalt to Comanche, from whence it was shipped for paving
purposes.

The sandstone ledge which carries the asphaltic material is about
twenty-five feet thick, and is cxposed for about 100 yards along the
bank of a ravine. The entire extent of the hody is not known, but it
probably occurs under the greater portion of section twenty-five.

The normal dip of the rocks of the region is southwestward at
low angles, there is, however, evidence of local crumpling in the
vicinity of this occurrence for the dip is 3° S. 25° E.

In general the deposit is suited to hillside quarrying whiclt is
the method so far used. Drainage is accomplished by gravity, and
the overburden, which consists mainly of detrital matter, is easily
removed with a team and common road scraper.

Location number three.—The deposit of rock asphalt here
described as loéation number three is situated about one mile east
of number two in the NE. 14 sec. 33, T. 3 S,, R. 4 W. It also
consists of an unprospected deposit of sand asphalt, probably a con-
tinuation of the same formation that occurs at number two.

These three locations are all of the occurrences of rock asphalt
in Jefferson County of which the Survey has knwledge, but it is not
believed that they represent nearly all of the rock asphalt possibilities
of the county.
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ROCK ASPHALT OF STEPHENS COUNTY

Rumors of extensive rock asphalt deposits near Dixie, Alma,
Velma and Loco have come to the office but only one has thus far.
_been examined by a member of the Survey staff. It is a local
impregnation in sandstones belonging to the Permian series. The
occurrence studied is along a fault line in the SE. 14 sec. 6, T. 1 S,
R. 5 W. about one and one-half miles northwest of Arthur and 12
miles east of Duncan. The sandstones on either side of a fault seem
to have been impregnated with asphalt from heavy petroleum which
probably percolated upward along the plane of the fault. The
fracture trends N, 50° W. and the displacement, at the point where
the asphaltic material occurs, is estimated to be thirty-five feet. A
fault which exhibits the same characteristics as the one in section
six was noted at Arthur and is presumed to be a continuation of the
same fracture. Northwestward the fault appears to be deflected
toward the north and changes into an anticlinal fold which probably
disappears in T. 1 N., R. 6 W. Heavy asphaltic oil is reported from
farm wells along Wildhorse Creek in the southeastern part of T. I
N.,, R. 6 W. and the gas well about three miles northeast of Hope is
within the limits of the fold.

The sand asphalt near Arthur has never been developed though
it was prospected several years ago. It is impossible to give an
estimate of its probable value. It seems, however, that it is at least
worthy of further investigation.

]ud.giljg from common reports concerning southeastern Stephens
County it is believed to contain numerous valuable rock asphalt
deposits. :

The deposit of so-called “asphaltic coal” about three miles west
of Alma is discussed in the chapter on asphaltites in this report,

ROCK ASPHALT OF GARVIN COUNTY

The only known deposits of rock asphalt in Garvin County are
situated in the southwestern portion in the vicinity of Hennipin
and Robberson. The only occurrence so far studied by a member of
the Survey staff was visited by B. C. Belt during the present year,
It is located in SE. 24 SW. 14 sec. 36, T. 1 N., R. 3 W. and consists
;f a fine-grained sandstone, of Permian age, saturated with asphaltic

itumen,

The sandstone varies from five to twenty feet in thickness and
bears some evidence of crumpling. No extensive quarrying has been
done, though several prospect pits have been dug. The deposit is so
situatd that it could be operated by hillside quarries and drained by
gravity.
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The United States Geological Survey issued a report in IgoI
which contained a paper by Llrdidge3” on Oklahoma asphalt and
bituminous rock deposits. In speaking of the region which is now,
southwestern Garvin County he says:

At the western end of the Arbuckle Mountains, in the vicinity of Hennepin,
Homer, and Elk, and even as far west as Robberson, a number of oll seepages In
the water of wells, springs, or prospect pits were reported to the writer. These
were accepted as evidence of the gencral distribution of ofl In as yet undetermined
quantities, but the only places visited were the Willlams ranch, 3 miles southeast
of Hennepin, where a secpage of oll occurs on the water in a small prospect pit
in limestone. the only asphalt found being along thin seams in the fractured
rock; a =mmall pit exposing an inferlor bituminous llmestone on the Elk road,
214 to 3 miles southwest of Hennepin, and the Nelson prospect, 234 miles
southeast of Elk. A specimen reported from the Robberson occurrence indicates
it to be a surface deposit from an old maltha spring,

37 Eldridge. Geo. H., Asphalt and bituminous rock deposits of Indian Territory:
Ann. Rept. U. 8. Geol. Survey No. 22, pt. 1, 1901, pp. 263-319.

ROCK ASPHALT MINE NEAR ARDMORE,
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ROCK ASPHALT OF CARTER COUNTY

Carter County, of which Ardmore is the county seat, is located
in the south-central part of the State immediately north of Love
County. The topography is very irregular. The topographic features
of that portion of the county which consists of Permian Redbeds is
mainly due to stream erosion in formations which have suffered but
little deformation, while those of that part which is composed of
.Pennsylvanian and older Paleozoic rocks is chiefly due to differential
erosion of formations which were crumpled, faulted and upturned by
the forces which produced the Arbuckle Mountains and Criner Hills.

In discussig the geology of Carter County it is not necessary
to say more than that the west two thirds of the county consist of
Permian Redbeds and the eastern third of Pennsylvanian and lower
Paleozoic formations, with the exception of a few square miles in
the southeastern and south-central portions which are of Cretaceous
age. In fact, formations belonging to every age from upper
Cambrian to Comanche Cretaceous, except Jurassic and Triassic, are
represented in this county. -

The rock asphalt of Carter County occurs chiefly in the Glenn
formation of Pennsylvanian age and in the Permian Redbeds. The
conditions peculiar to each occurrence will be discussed as fully as

- available data will permit. Each occurrence is given an arbitrary
number beginning with the deposit on Hickory Creek about four
miles northwest of Overbrook.

Location number one:—ILocation number one consists of a large
deposit of fine grained sand asphalt located in the NW. ¥4 NE. 4
sec. 26, T. 5 S.,, R. 1 E. The outcrop of the bituminous rock is
along a fault line which has a local trend of N. 35° E. The exposure,
about 30 yards wide by 440 yards long, is located on the downthrow
side of the fault, and dips 14° N. 55° W,

The land is owned and operated by the Downard Asphalt Co. of
Ardmore. In 1906 that company opened up three hillside quarries,
which have been in almost, if not quite, continuous operation since.
Drainage is accomplished by gravity. The product is hauled to
Overbrook from where it is shipped.

Rock asphalt is also unofficially reported from the NW. 14 sec.
36, T. 5 S, R. 1 E, and the SE. !4 sec. 22, of the same township
and range.

Location number two:—This location, in the NW. ¥4 SE. 4
sec. 14, T. 5 S, R. 1 E., is on a body of segregated asphalt land,
consisting of 340 acres. Some years ago a mine was operated on
this land to supply rock asphalt for refining purposcs. This enter-
prise, however, did not thrive and the mill was shut down and
abandoned.

The asphaltic material occurs in a fine-grained sandstone along
a zone of mashing, probably a strike fault, in nearly vertical strata
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of the Glenn formation of Pennsylvanian age. The deposit dips 75°
north, 35° east. The zone of saturation extends along the strike of
the rocks for a distance of one-fourth of a mile or more, though the
outcrop at the old mill is only about 300 feet by 40 feet. The over-
burden varies from nothing to twenty feet of alluvium.

The quarries which have been operated are of the open pit type.
Drainage could be accomplished by gravity to a depth of about ten
feet. Below that level, however, pumping would doubtless be;
necessary though it is barely possible syphoning would be found
practicable but no observations were made to establish the possibility.

This deposit is only one and one-half miles from the Santa Fe
Railway but the nearest shipping point is Overbrook about five miles
to the southeast.

Location nwmber three:—Location number three is situated on
the SE. % NW. 14 sec. 10, T. 5 S., R. 1 E. on unsegregated land.
The asphaltic material occurs along the bedding plane of an upturned
fine-grained sandstone of the Glenn formation. The structure is
difficult to determine in detail but there is evidence of slipping and
perhaps faulting along the strike. The impregnated rock is exposed
over an area approximately twenty by fifty yards, but doubtless
extends to considerable distance under the debris and stream wash
of the vicinity.

The occurrence is adapted to hillside quarrying and could be
drained by gravity to a depth of forty or fifty feet without great
difficulty. Ardmore, the nearest shipping point is about six miles
distant.

Location number four—This location is situated in the SW. %4
NW. 14 sec. 5, T. 5 S.,, R. 1 E., on land owned by M. W. Coffee of
Lonegrove. The material is a fine grained sand asphalt which occurs
in the Glenn formation. The structure is monoclinal with a dip of
40° south 35° west. The deposit has never been prospected but is of
promise. The area of rock asphalt exposed is about twelve by forty-
five feet. It disappears under residual soil etc., and likely extends
conisderably beyond the area exposed. The overburden is soil and
loose detrital material. Drainage could be accomplished by gravity
to a depth of about twenty-five feet. At present the deposit is seven
miles from a shipping point but it is less than three miles from the
Rock Island survey to Waurika.

Location number five—I ocation number five is the site of the
Continental Asphalt Company’s old mill on the NE. 14 NW. 14 sec.
21, T. 4 S, R. 12 E,, situated on land belonging to Geo. L. Smith of
Cowlington, Oklahoma. The Continental Company began operations
in 1898. Their purpose was to quarry the sand asphalt and separate
the asphaltic material from the sandstone, by mechanical process. The
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plant did not pay and operations were suspended, and the machinery
removed. The Downard Asphalt Company of Ardmore is reported
as now holding the lease though the quarry is not being operated.

The asphalt exposure is limited to the old quarry pit, which was
full of water, so it was impossible to make careful examination of the
occurrence. From what could be seen, however, it appears that the
sandstone which has been worked consists of two members separated
by about five feet of shale. The south member is twenty-five feet
thick and appears richest in asphaltic bitumen, while the north one is
approximately ten feet thick and poorly impregnated. In general the
structure is monoclinal with a dip of 75° north 50° east. There are
unmistakable evidences of strike faulting, but it seems to have been
very local, and is probably nothing more. than slipping along the
bedding plane induced by-the intense folding.

Like all Carter County occurrences so far discussed this deposit
occurs in the Glenn formation. The quarry, which is reported to be
forty feet deep, is of the open pit type and could be drained by
gravity to a depth of perhaps twenty-five feet. It is located about
six miles northwest of Ardmore, the nearest shipping point.

Location number six:—This occurrence consists of sand asphalt
on the SW. 14 sec. 19, T. 3.S.,, R, 1 E,, on land which belongs to

"Paul Alexander, and is ‘located about one mile northwest of the

postoffice of tiff. Several prospects were opened by the Downard
Asphalt Company in 1907 since which time operation has been main-
tained with considerable regularity.

The sandstone is impregnated along the bedding plane. The
structure, narrowly speaking, is monoclinal due to overturning of the
strata, which dip 85° north 40° east, though the location is on the
northeast limb of the great Ardmore syncline.

The quarries are situated in Caddo Creek bottom. The product
is hoisted from the pit, which was about twenty-five feet deep when
visited, by horse power cranes. The outcrop extends for a quarter
of a mile across the country and has been prospected at several places.
Water causes but little trouble as the pit is easily unwatered with a
small pump. The product is hauled to Ardmore, thirteen and one-
half miles to the southeast, from whence it is shipped. Though
Berwyn is a little nearer the roads are not so good. The rocks of the
region belong to the Glenn formation of Pennsylvanian age, probably
near the base.

Location number sevem.—Location number seven is the old
asphalt mine on Henry House Creek nearly two miles northwest of
the occurrence just described. In all essential respects it is similar
to number six and occupies approximately the same geological horizon.,
It is not now being operated so far as is known.
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Location number eight.—This location is the 1,280 acres of
segregated asphalt land between Woodford and Tiff. It is now under
lease by the American Mineral Wax Company, which has an extensive
plant for the extraction of the bituminous matter from the sandstone.
The quarries are located on a heavy ledge of fine-grained sandstone
in the Glenn formation. Cross bedding on a small scale is frequent.
though as a whole the sandstones are evenly bedded in thin strata
The zone of richest impregnation is about 45 feet thick though the
sandstone containing it is exposed at numerous places for a thickness
of nearly 150 feet. The outcrop can be traced for a half mile or
more across the country. The dip is go® at the eastern quarry, though
it varies locally, and the strike is north 55° west, or parallel to the
strike of the Arbuckle Mountain formations.

The character of the quarries and outcrop are well illustrated
by the photographs in one of the plates of this report. There is, as a
rule, little or no overburden ownig to the fact that the sandstone
ledge outcrops as a ridge between shales. The heavy oils impregnating
the sandstone are often forced to the surface by heat and descending
water so that beds of brea, or viscous asphaltic materials, are common.

Location nwmber mnine.—This location consists of a small oil
spring in the northeast corner of sec. 10, T. 2 S,, R. 2 W. There
appears to be little or no associated rock asphalt. The occurrence is
in Permian Redbeds, but the bituminous matter doubtless comes from
the old buried formations of Pennsylvanian age, as this deposit is in
strike with the formation which contains the asphalt at and near
Woodford, and the Redbeds themselves have never been known to
yield bituminous matter, or other hydrocarbons, except where those
substances were referable to older strata that are known to contain
oil and gas at other places.

Location number ten:—This consists of a bituminous sandstone
in the Permian series, situated in NW. 14 sec. 11, T. 2 S, R. 2 W,,
on segregated land. A quarry and refinery were once operated at
this site and the product hauled to Ardmore, but operations have been
suspeded. The mineral consists of a fine-grained sandstone about
thirty feet thick which strikes north 40° west and dips about 4°
southwest. The entire extent of the ledge is unknown. The exposure
of asphaltic sandstone is about 100 yards long. As in location number
nine the asphalt, it seems, is referable to the buried Glenn formation.
The quarries were operated by the hillside method and drained by
gravity. The failure of the enterprise was probably due to the long
haul (twenty-five miles) to a shipping point and the attempt to extract
the asphalt from the sandstone instead of using it as rock asphalt.

Location number eleven.—This is another occurrence of sand
asphalt apparently of Permian age, but the bituminous matter is
perhaps properly referable to the Glenn formation. It is located in
the SW. 14 NW. 4 sec. 34, T. 1 S,, R, 2 W. The structure of the
region is gently anticlinal and the rock asphalt occurs as a ledge about

I ASPHALT PIT AT WOODFORD MINE, LOOKING EAST. HUTCHISON, ’09.
2 ASPHALT PIT AT WOODFORD MINE, LOOKING WEST, -HUTCHISON, ’09.

3 OUT-CROP OF ASPHALT-BEARING LEDGE AT WOODFORD MINES.
HUTCHISON, '09.
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ten feet thick near the axis of the fold. The outcrop is intermittent,
but the deposit extends for a distance of several hundred yards along
the bank of a small stream. The overburden consists of from four
to eight feet of residual matter. The deposit is so situated that
hillside quarries could be operated to advantage, and drained by gravity.

Location number twelve —Location number twelve consists of an,
outcrop of asphaltic sandstone along a creek in the SW. 14 sec. 9,
T.1 S, R. 2 W. The sandstone, of Permain age, is fine grained and
even textured. The ledge is approximately eight feet thick and
outcrops for only about fifty yards. The structure is monoclinal, with
a dip of about 4° toward the southwest. Where the rock is not exposed
it has an overburden of six or eight feet of residual soil and sand. It
has never been developed and its possibilities are unknown,

A drill hole was sunk to a depth of goo feet in the vicinity
some years ago with the hope of getting oil .but the result was
unsatisfactory. '

Location number thirteen—This deposit is found near the center
of the east side of sec. 21, T. 3 S, R. 2 W,, in the midst of the
Wheeler oil and gas field. It was first described by Eldridge® in
1901. His description which is concise but complete, is as follows:

At Wheeler I8 one of the largest oil seepages In the United States. The only
parallel in size known t{o the writer is one wtill forming near Fort Washakie, Wyo,
the Wheeler spring is long since extinct, as Is shown by the appearance of the
material and by the inclusion of fragmental asphalt derived from {t deep in a
deposit of 4 or § feet of alluvium along portions of an earller channel, this being
shown by the erosion, upon the same lines, of & modern channel which has cut
alluvium, asphalt, and underlying beds. The conditions of occurrence are indicated
.......... where the asphalt of purer type Is seen forming the superficial layer,
succeeded below by sandstone alternately shaly and solid, and all varyingly
impregnated with bitumen, the per cent diminishing with Increasing depth. With
the sandstone are associated red and gray arglllaceous shales, and *he whole
series is probably of the Permian, which is prevalent in this reglon, The super-
ficial asphalt rests upon a somewhat uneven surface of the approximately
horizontal strata, and is from 6 inches to 3 feet thick—a hardened petroleum
residue, resulting from the volatilization of the lighter olls, with perhaps a
certain amount of oxidation, the common transformation in the case of all
deposits of like nature...... ....This asphalt is primarily black: earthy, or clear
and 'wax-like in texture; brittle yet tenaclous, and under a. slight rise In
temperature becomes of gum-like consistency. In the face of the gully that i3
eroded in the deposit, the upper 1 foot maintains the richest, purest, and most
unaltered appearance, the portions below becoming successively browner, more
earthy, and easler to break....... ...The deposit I3 of interest In its bearing upon
the presence of ofl at depths and is another evidence of the possibilities of the
region which have already been suggested in the references to oil-bearing waters
of springs, wells, and progpects,

This deposit has never been exploited for asphalt. Its occurrence
was one of the factors considered in the location of the Wheeler oil
field and, different from like experiments in other parts of the State,
this one was successful. The deposit is in Permian rocks and the
drilling seems to confirm the theory that the oil and gas are coming
up into the Redbeds from the Pennsylvanian rocks below.39

38 Eldridge, Geo. H., Asphalt and bituminous rock deposits of Indlan Territory:
Part I, 22d Ann. Rept. U. S. Geol. Survey, 1901, p. 314-15.
39 For description of the Wheeler ofl fleld sce Part II, this report.
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There are three other deposits of sand asphalt and brea in the
vicinity of Wheeler but they are in all essentials similar to the one
described so they only need to be mentioned here. One is in the NW.
14 NE. 14 sec. 21, another near the center of the E. 32 of sec. 19,
and the third is in the E. 15 SE. 14 sec. 35, all in T. 3 S., R. 2W.
None of these deposits have been developed for asphalt or brea, but
all have occasioned prospecting for oil. The first mentioned is
surrounded by oil and gas production, the second was found dry,
while a shallow well with a very small production of heavy oil was
drilled north of the deposit in section thirty-five.

Location number fourtcen.—There is an authentic report to the
effect that there is a deposit of rock asphalt in the Permian Redbeds
near the northeast corner of sec. 21, T. 4 S., R. 2 W. about two miles
north of Hewetf, but no member of the Survey staff has examined
it and its value and probably desirability are unknown. A similar
occurrence is reported from the SW. 14 sec. 13, T. 5 S,, R. 2 W,
about five miles southeast of Hewett. It likewise has never been
examined, but is reported as being of promise. The survey for the
railroad extension from Ardmore to Waurika passes between these
deposits.

There are no known deposits of the pure asphalts ' (asphaltites)
within the county but it is among the first in the richness and extent

of rock asphalt deposits.

ROCK ASPHALT OF MURRAY COUNTY

The first detailed report of the rock asphalt deposits within the
present bounds of Murray County was prepared by Geo. H. Eldridge
for the United States Geological Survey at Washington, and published
by that bureau in 1901.4® The paper was based on very careful field
observations, and was complete at the time of its publication. It will,
therefore, be heavily drawn upon in the following pages, such additions
being made as development warrants.

For convenience of discussion Eldridge divided the region into
three districts which he called the Buckhorn district, the Brunswick
district and the Washita Canyon. There seems to be no reason for
changing his classification except that the Buckhorn district is made
to include all occurrences south of Sulphur in T. 1 S, R. 3 E,
except the Brunswick mines about four miles northeast of Dougherty.
The Brunswick district comprises the land covered by the lease of
the Brunswick Asphalt Company, and the Washita Canyon district
includes the minor occurrences of rock asphalt along the bluffs on
both sides of the river by that name.

40 Ann. Rept. U. 8. Geol. Survey No. 22, pt, I, 1901, pp. 273-312.

BUCKHORN ASPHALT MINE, 4 MILES SOUTH OF SULPHUR.
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THE BUCKHORN DISTRICT

At the time of the Eldridge report there were 12 openings in
what is called the Buckhorn district. LEldridge’s description and dis-
cussion of these pits is by local names and numbers but for the sake
of uniformity they are here discussed as locations. The discussion
begins at the east side of the area and passes westward.

' Location number one—This occurrence consists of two prospect
pits near the south.line of the SE. !4 of section 14. The deposit was
never developed, though sand asphalt was found in what is thought
to be commercial quantities. The sandstone is a member of Taff'st
Simpson formation and is of lower Ordovician age. Local structure

and conditions as described by Eldridge?? are as follows:

The general strike for the locality {s N. 50° E., the dip 20° SE., but in both
pita the strata look horlzontal. The thickness of the sandstone is sald to be over
10 feet, but 2 feet only show above the water of the pits. The rock carrfes a
moderate per cent of bitumen, i3 brownish black and tough. The bitumen is held
in the interstices between the grains of rounedd quartz which constitute its
mass. A small per cent of lime may also be present. A peculiarity of this
sandstone is a white venation that follows joint or fracture planes, of which
there are many. Close examination shows the veinlets to be of rounded quartz
grains Iin a white, earthy cement of undetermined composition. The veinlets
are usually from a few inches to 3 or 4 feet long and from one thirty-second
to one-half inch wide. On the face or plane of a joint, if the rock he there
opened, they show as @ thin f{lm. 1In addition to the venatlons, mottling of
black and white, similar to that seen in other localities, is also present, The
bed is overlain by yellow quartzite and clay. .

Location number two—The quarry here described as location
number two is a stratum of highly fossiliferous, argilaceous limestone
which yields 14 to 15 per cent asphaltic bitumen. It is situated on the
SE. 14 SE. 14 sec. 23, one mile south of location number one, and
about one-half mile northwest of Buckhorn postoffice. Eldridge
describes this occurrence as Quarry number two in the report cited’
at the beginning of this discussion. Judging from the present con-
dition of the quarry but little has been done since Eldridge’s report

was written. His description follows, in part:
This quarry, the property of the Gilsonite Paving and Roofing Company........

- at the eastern end of the Buckhorn district. The strike of the beds iz
here 8. 62° W\, the dip northward about 30°. The strata quarrfed are probably
referable to the Lower Coal Measures,....... The prevalling rock is brownlish

black on fresh surface, dark gray after exposure, It is fine-grained to granular,
and in portions of the bed bears a high per cent of comminuted molluscan shells,
together with many in a state of more or less complete preservation, all
eautifully nacreous. The shell contents thus form a characteristic feature of the
d. A certain degree of porosity is also apparent throughout the rock. In
dccasional instances the bed i3 more or less minutely seamed with pure asphalt,
apparently from the fllling of fissures produced by cracking, or possibly by
golution, The asphalt thus occurring {s black, but gives a brownish streak and
powder........ The material of this rock is fine-grained and is rich in bltumen..... .
In the breast of the quarry as exposed at the time of the examination there
was observed @ steeply Inclined (62°) veln-llke body of bitumino-calcareous
material, about 18 inches wide. This could be traced N, 70° W. for 25 or 80
feet along the back of the stratum forming the hreast, when it split into a
number of veinlets, each of which quickly pinched to naught. The vein rock is
mottled brown and black, Indicating an uneven distribution of the component
materials. The texture Is exceedingly fine-grained to homogeneous; the fracture
brittle, with tendency to concholdal form, which is more strongly developed as
the per cent of bitumen increases........

41 Taff, J. A.. Preliminary report on the geology bf the Arbuckle and Wichita
Mountaing in Indian Territory and Oklahoma: Prof. Paper, U, S, Geol. Survey, No,
31, 1904, p. 23 et seq. R

42 Twenty-second Ann. Rept, U. 8, Geol. Survey, pt. I, p. 305.
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From the appeardince of the material, the vein may have orlginated In
elther of two ways: TFirst, a flssure having been formed, perhaps at the time
of the general crumpling, it mny have heen subsequently filled with bhitumen
carrying a varlable per cent of amorphous carbonate of lime acquired in its
passage through the body of the limes'one; of, second, @& channel having been
formed by solution, either complete or in a degree to render the rock on 1t§v
course exceedingly porous, filling may then have been accomplished In the -sani@
manner as in the first instance.

The rock of the No. 2 mine is ihe richest mined by the Gilsomite Paving and
Roofing Company. The amount that has been quarried is conslderable, the open
cut being nearly 400 feet long. the bed having been removed to a depth of between
50 and 30 feet. The extent of the bed beyond the present quarry Hnes I8
undeterminable except by a close succession of drill holes or a continuation of
quarrying itself........ It is belleved that to the north, within 300 yards, the
deposit is {nterrupted by a........ fault; to the south It is possible that the bed
may recur on_ & temporary southward dip, but, again. the area in this direction
ig probably iimited. Eastward the presence of the enriched limestone is
questionable, for already at this end of the pit are encountered faults and
foreign beds. The western extent of the stratum may prove to he several
hundred feet, hut the outcrop can be definitely traced only a short distance.

Location number three:—This location is locally known as
Number one prospect, and occurs in the NE. 14 NE. 14 sec. 28
T.1 S, R. 3 E., about 300 yards southwest of location number two.
Tt consists of quartzose limestone of Pennsylvanian age, w‘hlqh,
though carrying some asphaltic bitumen, is worthless owing to 1ts
irregular character and content. The structure is in alignment with
that of the occurrence discussed above

Location number four—This location is in the S. 15 SW. Y%
NE. 14 sec. 22, T. 1 S, R. 3 E., and is of especial interest because
it was exploited by underground . mining methods instead of by
quarrying. It is the only place in Oklahoma where rock asphalt has
been taken out in this manner. The mine is reported to have been
opened in 1896 and was operated to a depth of 180 feet v_vhere the
face was about 70 feet by 18 feet Water prevents examination below
25 or 3o feet from the surface. Aggregates of crystal calcite became
so numerous in the main asphalt bearing zone that it no longer paid
to work the mine, as the cost of getting the material to the top was
nearly $2.00 per ton. _

Fldridge describes this occurrence as Number three (luncs.toqe)
Mine on pages 298-299 of the report above referred to. His description
of the character of the deposit is quite complete and is, in part, as

follows:

This mine, the property of the lsonite Paving and Roofing Company, 1§
located........ In the center of the Buckhorn district. It is opcned by an incline
on the No. 3 limestone, mining methods having bheen followed rather than
quarrying, by reason of the dip. about 30°, ... The limestone has heen fully
descrihed in  dlscussing the geological seetions........ but for the purpose Oof
comparison between mines and quarries it will be repeated here.

The upper b feet of limestone i{s conrsely crystalline; drab, weathering yellow-
gray; distinctly fossiliferous; a trace of hitumen in the lower portion.

The 10 fect below Is, in the main, fine grained.. From 2 to 4 feet from the
top, however, Is a band cnrrving numerous small cnleite hodles, round and
elliptical. drab in celor, and in general in marked contrast with the surrounding
mass of rock, The rock Is somewhat varyingly charged with bitumen up to 8
maximum of perhaps 6 per eont, o sample obtained from the upper portion of
the mine ylelding § per cent ... Veinlets of bhitumen occur, passing  alike
through the general rock and the calcite hodies. The lower 2 fcet of this zome
is less rich and browner than the overlying portion,

The next 4 fect is finc to coarsely crystalline; light brown to black, more
generally the former; fossiliferous and hituminous........ The lower § to 10 feet
of this bed are crystalline, drab, and non-bitumenous.
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The entire bed of Hmestone is more or less joined, an impoverished chocolate-

brown zone 3% to 2 inches wide qui invariably
P o anen. quite variably lying on either aide of the

The portion of the bed mined includes only the second and third layers from
the top, the rich zone of 10 feet and that immediately underlying, 4 fcet thick.
The product thus far derlved from these two beds probably amounts to stveral
hundred tons. The mine is equipped with hoist and steam drills, and the
fﬁ;nx;g::t};rha:tat htths polr:it a -s(;na:l mta.chin? shop and store. Near by, also, s

y which mastic and street toppins are made. T
e e T vestgntion. j9} ] e de he mine was closed

The mine is not now being operated. Doth the store and mill
located at the mine have been idle for several years.

Location number four.—This location consists of an old sand
asphalt quarry a few hundred yards northeast of location number
three, situated about 200 feet east of the old fatcory building of the
Gilsonite Paving and Roofing Company, and belonged to that
corporation. Operations have been suspended for several vears and
the quarry is now filled with water, forming a pond, so the exact
conditions could not be observed. The pond is about 75 feet wide
and 450 feet long. '

The sandstone locally called the Bodine sandstone by Eldridge,
is a member of the Simposn formation described by Taff, reference
to which was given on a previous page. The average of the bituminous -
content is reported to range between six and eight per cent though
it varies locally. The extent of the impregnated zone is not known,
and cannot be determined except by prospect borings. There seems
to be little doubt but that this sandstone is an old oil sand which has
been exposed by elevation and erosion, so it is believed that the
asphalt-bearing bed extends well beyond the limits of territory thus
far exploited.

Location number five:—This location consists of a large sand
asphalt quarry known as the Moss pit located on SW. Y4 SE. %,
sec. 15, abdut a half mile north of location number four. It was
opened on a sandstone member of Taff’s Simpson formation, locally
called the Dixon sandstone by Eldridge. The site is reported to have
been prospected as early as 1890, but the quarry, owned by the Rock
Creek Natural Asphalt Company, was not opened until seven years
later. : ’

The zone of sufficient richness to repay quarrying is about
eight feet thick and extends laterally the length of a-breast, approx-
imately 400 feet long, which has been worked back about 300 feet
from the outcrop. The per cent of bituminous matter varies from
about seven to ten. The enriched portion is succeeded below by a
soft white sandstone, the line between the two being usually well
marked, “though locally there are two to three inches of brown
impoverished rock asphalt at the contact. Above the deposit there
is a thickness of eight or ten feet of impoverished and weathered
asphaltic sandstone overlaid by from fifteen to thirty feet of Pennsyl-
vanian conglomerate. The extent of the deposit below the bottom of
the present quarry is problematical. Qutcrops in various .directions
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show the continued presence of bituminous matter and there is a “tar
spring” in a ravine about 200 yards north of the pit. It is very
probable, therefore, that there is more rock asphalt remaining in the
ground than has heen taken out. The quarry is idle at the time of this
writing but was operated during the past summer, the raw product
being sold for paving purposes.

Location number siv—This location, known as the Bodine
quarry, is situated on the NW. 14 SE. 14 NW, 14 sec. 2z2. It was
opened on a member of the Simpson formation, locally called the
Bodine sandstone by Eldridge,*® and is controlled by the Rock Creek
Natural Asphalt Company. Westward the deposit is cut off by the
Bodine fault, but the horizon extends east past location number four,
described above. It is not known whether or not the zone of
impregnation is continuous between these two quarries. The dip of
the rocks at the pit is about 25° southeast. The quarry has never
been as extensively worked as the Moss quarry, and the thickness of
the pay zone is not definitely known. It is reported that a drill hole
thirty-two feet deep stopped within the saturated sandstone, This
apparently great thickness is partly due to the inclination of the beds,

“but with the local dip (25°) the bed must be over twenty-five feet
thick in order to drill into it the depth above stated. ", The rock is made
up of rounded quartz grains, with approximately seven to eight per
cent of asphaltic bitumen f{illing the interstices. The rock carries the
calcario-quartzitic bodies so common in the East Kirby quarry to be
described later.

Location mumber seven:—This location comprises three quarries
known as the Kirby quarries, located about two-thirds of a mile
northwest of the asphalt mine near the old mill and store, and situated
on the NW. 14 NW. 14 sec. 22, and the NE, ¥4 NE. 14 sec. 21, and
is the property of the Rock Creek Natural Asphalt Company. The
first quarry opened, known as number one, is between the other two,
all of which are on the Dixon sandstone, the member of the Simpson
formation from which the product at the Moss pit is obtained. The
east pit is number two and the most westerly is the Jast opened on
that site. These openings are reported to have been made in 1895 and
1896. It was not learned how long they were operated, but they have
been idle for the past few years. Eldridge* describes them as west,
middle and east quarries. His description is complete and, in part,

is as follows:

The west quarry lies In a low, flat knoll of small diameter, the other two In
the rolling ground to the east........

This quarry is opened in the southern slope of the knoll;' on the northern
slope, less than 200 fcet distant, the productive sandstone of the quarry shows
but a trace of bitumen. The explanation probably lies in non-impregnation of this
portion. At the eastern end of the quarry the enriched zone of the bed..... .o may
be seen to feather out, although here as to the north the general width of the
sandstone Itself is maintained. The entire area of the bltumen-bearing sandstone

43 Eldridge, Geo. H., Ann, Rept. U. 8, Geol. Survey No. 22, pt. 1., p. 803,
44 Eldri’dge, Geo. H., Ann. Rept. U, 8. Geol, Survey No.' 2_2, pt. 1., cited above,

OKLAHOMA GEOLOGICAL SURVEY. 51

is, therefore, even smaller than the diameter of the hill It appears to be, In
fact, the western end of a comparatively smal] body that has {ts eastern limit
at some point perhaps a little beyond the eastern edge of the east quarry........
The overburden attains a maximum thickness over the quarry of between
10 and 16 feet. I¢ is very hard and requires heavy blasts for its removal., The
method of stripping, however, is simple, and after this has been accomplished
to a sufficlent distance and the quarry cleaned of the debris, the bitumen-bearing
sandstone itself is removed, loaded on wagons, und shipped to the rallway,

. Eldridge’s description (pp. 301-2 previous citation) of the
middle quarry (Number one) is more complete than can be written
from my reconnaissance notes, so it is quoted in part.

The middle quarry les Immediately east of the west, but at a level between
16 and 20 feet lower.” The difference in level is, perhaps, primarily an effect of
the Bodine fault; on the other hand, it may be ascribable to mere erosion from
the summit of the bed, the protective cap of conglomerate having been first
removed, In the latter event the lower level of the enriched rock in the middle
quarry indicates an originally deeper impregnation of the bed and a consequent
extraordinary unevenness in the separating plane between the rich and barren
zones. An occurrence of this nature ls qulte possible, yet, in view of the
proximity of the Bodine fault, the difference of level, it {s belleved, |s best
attributed to stratigraphic throw. But the irregularities in the detalls® of
impregnatifon are none the less well illustrated in the rapid succession, in the
north wall, of highly enriched, black, oily sandstone; a brown, friable sandstone
with the Interstitfal bitumen drled and lifeless, and barren rock with but
scattered specks of bitumen amid the gralns of quartz. These bodies of rock
of differing composition and color are separated from one another in the face
of the quarry by lines waving from vertical to horizontal and sharp or sharply
transitional, indicating the irregular form assumed by the impregnated portion of
the bed and the manner of passage from barren to rich portions. The
prevailing conditions suggest high enrichment for a part of the sandstone. none
whatever for another, with a narrow -intermediate zone, a few Inches to 2 feet
In thickness, in which infiltration may not have been as combdlete as In the
richer portion, or from which, for some cause. the more volatile parts of the
bitumen have now escaped and left only the dried residue in the interstices of
the quartz gralns,.......

.The barren portion of the sandstone is soft, friahle, and varlably ferruginous.
Beneath the bitumen-bearing zone It is gray to white; overlying this, at the
surface, It is white, brown, orange, or red, the iron, the source of the colors,
seeming to have been as peculiarly and irregularly distributed, and with' as
sharply-defined bounding lines, as the bitumen in the other portlons of the
TOCK. ivvens,

The middle quarry appears to have heen opened on the northern slope of
the fold occupying the low northenst-southwest ridge between the Kerby and
Bodine pits, the strike of the sandstone being about W, 40° E. with northerly
dlp of 5% to 7% It is not clear from the outcrops whether the sandstone is
continuous at this point to the southern slope of the fold just referred to, or is
interrupted for a short distance. 4

Quarry number two, the east quarry of Eldridge, appears today
about as described by Eldridge, so that author is again quoted in part.

The east quarry, lles about 150 yards east of the middle. It s opened on the .
same bed as the latter, but continuity of the bituminous body s not estahlished
between the two. Like the middle. it is opened on the gentle northern slope of
the same fold. The quarry has ylelded the largest product of the three of this
group, the pit being about 100 feet in diameter, the thickness of the bed worked,
from 8 to 10 feet. The rock carries a comparatively high! per cent of bitumen,
perhaps 8 or 9, which, however, is sald to contain a notable amount of volatile
oll, an occurrence not met, according to statement, in the rock of the west and
middle quarries.

A consplcuou feature of the bed is the presence In Its upper 2 feet of many
bodies of a white, quartz-like rock, which impart to the layer, especially on its
surface as stripped, a marked mottled white and black appearance, the mottling
of various degrees of coarseness. The llne of separation between the black and
white fs usually sharp. The two portions show quhrtz grains as thelr pradominant
constituent, but the white is found to carry in its interstices a heavy percentage
of carbonate of lime, while the black shows elther but a falnt trace (with HCI)
or none at all. The llne of separation between the chemical constituents, as shown
by reagents, I8 quite as distinct as that of color, and the two are coincldent, If,
too, there be a thin line of white threaded through the black again the white
shows the carbonate of lime reactlon, the black, not. It can hardly be questioned

_that the eandstone held a calcareous cement unevenly distributed through its
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upper portion, and that when the bitumen came to be taken up it was received
into all those interstices that were unoccupied, but was barred from those already
filled with lime, including even the veinlets. The foregoing feature is not
uncommon in the bituminous sandstones of the Buckhorn district,

Location number eight:—This is an occurrence of sand asphalt
in a lentil within the Franks Conglomerate of Pennsylvanian age.
It is located about two and one-half miles north of the old lime
asphalt mine at the Gilsonite Company’s mill and about a mile south
of the townsite of Sulphur. Originally it consisted of a sand asphalt
resembling, in some respects, that at the Moss pit. It has apparently
beerr entirely worked out so that only the old opening and quarry
detritus are left to mark the site.

Location number nine—7This location is the site of what is
known as Number four quarry of the Gilsonite Paving and Roofing
Company, situated in SW. 14 SE. 4 sec. 21. The product consists of
lime asphalt, probably from what is known as the Viola limestone.
The limestone formation has a total thickness of 342 feet at this place,
and here dips southeast at high angles, probably 70°. The quarry
embraces 128 feet of the total thickness, the lower 75 feet having
never been opened and the upper 139 having been rejected on account
of the presence of a high per cent of calcite which carries no
asphaltic material. The character of the rock varies from place to
place but is usually massive. The texture is earthy, granular, and
crystalline. The granular crystalline rock is considered most satis-
factory and has been more extensively quarried than the other types.
The per cent of saturation is about five or six, but varies locally..

The quarry is now idle though it has been one of the most
important in the district. The present breast is about 400 feet long
and fronr 15 to 75 feet high. The product was quarried for paving
purposes and shipped from Dougherty, about seven miles to the south-
west on the Santa Fe Railroad.

Location number ten:—This location is what is known as quarry
number eight, belonging to the Rock Creek Natural Asphalt Company,
and is situated on the SE. 14 SE.}4 sec. 21, and is about one-eighth
of a mile northeast of location number nine. The opening is in the
same formation as is the one last described and comes from the same
horizon of the formation. As it comes from.the quarry the rock
contains an average of § to O per cent of bituminous matter. The
texture is granular to coarsely crystalline, but more or less calcite
is generally present either as intrusions from higher levels or as
segregations., It was quarried by hillside and open cut methods but
was never extensively operated, though there.appears to be a very
large supply of the material accessible.

Location number eleven:—This location is situated on the NE,
14 SE. 14 sec. 21, about 200 yards northeast of location number ten,
It consists of a small hole in the same limestone that was worked
at location number nine, quarry number four of the Gilsonite Paving
and Roofing Company, and at the old mine near the mill discussed in

ASPHALT MILL AND MINE NEAR SULPHUR, OKLA.
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this report as location number four of the Buckhorn district. The
zonie of enrichment is about ten feet thick and varies in bituminous
the value of the product to some extent. In general the formation is
about the same as at other points where this horizon has been operated,
content at different levels. The presence of calcite bodies depreciates
but the zone of impregnation is narrower, and the component strata
thinner, : '

Location number twelve:—The occurrence here mentioned as
location number twelve consists of a reported deposit of lime asphalt
on SW. I4 sec. 16, east of the segregation, on land belonging to
W. J. Williams of Sulphur. It is not developed but is reported to
be of promise.

Location number thirteen:—Like location number twelve this
occurrence consists of a reported deposit. It is said to be sand asphalt
and is located on the NW. 4 sec. 28 about one-half mile southwest
of the old Number four quarry of the Gilsonite Paving and Roofing
Company. Its value and possibilities are unknown,

Location number fourteen:—This occurrence consists of a sand
asphalt deposit on the segregation in the SE. )4 SE. }4 sec. 17, along
the south bank of Rock Creek. It is described as the Ralston quarry
by Eldridge in his report so often referred to, but is locally known as
the Legrand quarry., The sandstone is a member of the Simpson
formation of Taff and is therefore doubtless the same as one of the
sandstone horizons farther southeast, either at the Kerby and Moss
quarries or at the Bodine pit, but an exact correlation is not possible
in the light of present data. Eldridge (page 294) is again quoted
for detail. . '

This quarry, under the control of Messrs. Ledbetier & Legrand, of Ardmore,
Okla., is opened juts above water level in the bluffs of Rock Creek, about 2 miles
west-northwest of Schley, and about 8 mlles northeast of Dougherty, the nearest
station on the Gulf, Colorado and Santh Fe Rallroad, The deposit where exploited

_1s a richly impregnated, massive Ordovician sandstons, about 15 feet thlck, lylng
beneath a cap of from 75,to 100 feet of Coal Measure conglomerate. The bitumen
contents amount to between 10 and 12 per cent as the averago of the present
face. In hot weather the bitumen seeps from the rock in the form of maltha.
The rock is black on fresh fracture, but weathers gray. It is tough, tenaclous,
and of gummy consistency when exposed to even a slight eleva'uon of temperature,
as by the sun or the warmth of the sand. Under the .sun's rays great pleces
slowly crack and fall from the quarry face—a common occurrence, however, In
the case of all sandstones of llke nature, The composition of the rock Is of
medium-sized, rounded, subangular and angular quartz grains, held together In
bitumen. Upon the removal of the latter the residue falls to vleces—a mmere
mass of loose, white sand. The odor Is strong. The age of the sandstone Is..... e
Ordovician, but the time of its impregnation is uncertain. It may. have been
efther prior or subsequent to the depositlon of the overlying, unconformable
conglomerate, The fact that the lower members of the latter formeation are
somewhat impregnated with bitumen is not conclusive evidence in either direction,
for they might have been infilirated with or from the sandstone {tself. Thero
are, however, occasional pebbles of bituminous sandstone sufficlently Isolated
from the enriched portion of the conglomerate bed to suggest their der{vation
from the Ordoviclan after impregnatlon. The extent of the enriched bottom of
the Ordoviclan sandstone can be satisfactorily determined only by boring. The
exposure along the creek has a length of 160 feet. The strike of the bed appears
to be N. 10° W., the dip, 10° westward, carrying the deposit rapldly below the.
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creck level, With the frequent change in strike and dip, however, consequent
upon the very considerable folding which the strata in the Buckhorn district have
undergone, it Is possible that the hed may occur in concealed outcrop at more
than one point along the debris and timber-clad bluffs of Rock Creek. Iqually,
it may rise to wlithin a few feet of the surface in the region above, covered,
however, by a thin deposit of the conglomerate.

This quarry has been developed but little during the last few
years so Eldridge’s description still holds good in all essential respects.
It is not known whether Messrs. Ledbetter and Legrand still control
the lease or not.

Location number fifteen:—I.ocation number fifteen consists of
sand and conglomerate asphalt near the line between the northeast
quarter of section 20 and the northwest quarter of section 21. The
principal part of the occurrence is on the north side of a small ravine.
During warm weather the asphalt oozes from the sandstone and
conglomerate as maltha. The only prospecting that has been done
on the property is one small pit, therefore little is known of its extent.
The maltha seepages, however, extend for several hundred feet along
the ravine and it appears that the location should repay prospecting.

Location number sixvteen:—This location consists of a sand asphalt
pit on the NW. 14 NE. ¥4 sec. 29, T. 1 S,, R. 3 E. on-land belonging
to Bob Wright of Dougherty, at present under lease to the Downard
Asphalt Company of Ardmore. The development consists of a pit
about 50 by 100 feet. It is reported to be down 38 feet in the rock
asphalt, but as there was water in the bottom of the quarry the exact
depth was not determined. IHand drills are used in preparing holes
for blasting, and the material is hoisted by a geared horse whim and
crane. The overburden consists of from 6 to 10 feet of streanr wash
and gravel which was left by Rock Creek when it was flowing at a
higher level than at present.

A few years ago a compdny from California, prospecting for oil,
drilled a deep well about 150 yards southwest of this location. The
drillers reported that the sand asphalt was present to a depth of 700
feet. The strata in this immediate vicinity lie nearly level and consist
of the sandstones and shales of the Simpson formation, previously
referred to. This impregnated zone is doubtless the equivalent of the
Dixon or Dodine sandstones of Fldridge and is perhaps the same
formation that has been quarricd at location number fourteen, kn_own
as the Legrand quarry, but an exact correlation cannot now he given.

The report that there is 700 feet of sand asphalt at this point seems

excessive, unless there has heen a very promounced thickening both
of the sandstone formation and of the impregnated zone.

The land lying just north of that on which this location is situated
has heen prospected and has been fourd to contain large deposits of
sand asphalt overlaid with from 5 to 2o feet of stream gravel and
wash,  The deposit is also known to outcrop in the hluffs of Rock
Creck several hundred feet south of the quarries and is present for a
conisderable distance northeastward up the stream. From the date
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obtained by a hurried investigation this seems to be one of the largest
deposits, if not actually the largest, in the State. The per cent of
impregnation, it appears, would run from seven to eight, but no
analyses of the material are at hand.

Quarries of this immediate vicinity, if favorably located can be

. drained by gravity to a depth of 25 feet or more during periods of

low water in Rock Creek. The nearest shipping point is Dougherty,
about six miles to the southwest, on the Gulf, Colorado and Santa Fe
Railway. The wagon road from the quarry to .the station follows
Rock Creek the greater part of the distance and is excellent for a
mountainous country.

THE BRUNSWICK DISTRICT.

The Brunswick District consists of a tract of segregated land
located about four miles northeast of Dougherty on the W. 14 sec. 25,
and all of sec. 26, T. 1 S., R. 2 W. The segregated land is now
under lease to the Brunswick Asphalt Company. At the time the
region was visited by Eldridge there were four openings in the district
as described, of which quarry number four, on land afterwards
segregated, was the most important. Little or no prospecting has
been done in the district since that report was written, though quarry
number four has been operated at intervals, ‘

The rocks of the district, according to Eldridge?® consist of
Pennsylvanian conglomerates, the Cancy shale, then thought to be of
Mississippian age, and Lower Helderberg and Ordovician limestones,

The Lower Helderberg, now known as the Hunton limestone, is
rather difficult of recognition throughout the greater part of the area.
Only the upper limestone of Ordovician is present, identified, appar-
ently, on lithological characteristics. It is Eldridge’s number four
limestone of the Buckhorn district and is the Viola limestone of Taff.46

The structure of this region is verv complex and in view of
the fact that Eldridge has devoted a great deal of time to a detailed
mapping and description of the district it was not thought nccessary
to duplicate the work. That author’s#? description follows, in part:

Structurally ‘he Drunswick region includes a small portlon of the northe
eastern slope of an anticlinal fold ~cveral miles In extent, which Is one of the many
that go to make up the castern Arbuckle system, TFor ncarly the centire area
mapped the prevailing dip is about 20° ia the northeast, but in the ridge in the
southwestern portion the beds are sharply crumpled into minor folds that occupy
the axinl vegion of the anticline........

Simplicity of structure in the northern arm of the anticline within the

Brunswick area is completely lost in the extensive and complicated faulting that
has taken place; but this very faulting, coupled with erosion, has been the

45 Eldridge, Geo. H., Asphalt and hituminots rock deposits of Indian Terrltory:

Ann, Rept. U, 8. Geol, Survey No, 22, pt. 1, 1901, p, 306,

16 Taff, . A. Preliminary veport on the geology of the Arbuekle and Wiehita
Mountains in Indian Territory and Oklahoma: Irof, Paper, U. 8. Geol. Survey,

* No. 31, 1904

47 Eldrlége, Geo. H., op. clt. p. 307,
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means of exposing the rich bituminous limestone of the Ordovician apnd enabling
the winning of a product of considerable industrial importance. There are two
well-defined systems of fractures trending, respectively, N, 60° W, and N, 20° W,
‘he former the more highly developed. In addltion to these, thcre are others of
minor value, but so numerous as to Jocally cause almost a comminution of the
beds. This lIs especially the case in the r-gion of the malin forks of Brunswick
Creek, where the effect has been even further heightened by sharp crushing of
the shales that there exlist. Such faulting has been not only the cause of repeated
reduplication of the measures, hut also the source of much confusion in the
correlation of the beds involved.

The development of the region as described by Eldridge is
representative of present conditions. About the only motable differ-
ence is the additional tonnage which has been removed from the
quarries. The site described by that author as quarries numbers 1, 2
and 3 are thought to be west of the segregated land, while his quarry
number 4 seems to be on segregated land, the E. 15 SW. 14 sec. 25,
T. 1S, R. 2 E. These points, however, are not clear, as he gives no
land descriptions in his paper on the Brunswick district.

Location number one—This location is the site discussed by
Eldridge (p. 309) as “No. 1 quarry.” It has never been of economic

importance, but his description of the lithology of the occurrerice is
so complete that it seems worthy of space. It is as follows:

This is a mere prospect In a limestone outcropping in the banks of the dry
channel a: the eastern base of West Ridge. The strike Is locally N-S; the dip
20° E. Petrographically the limestone consists of (a) an ordinary granular to
finely crystalline rock, impregnated with bitumen- and looking at times as rich
as the average No. 4 Ordovician limestone; (b) a calcite varlety, also impregnated
with bitumen, but not always In sufficient amount to render the rock of value;
(c) white chert, barren except for the seams Into which the pure asphalt was
forced at the time that, or after, the general deposit hecame fmpregnated.
Stratigraphieally the bhed as exposed is divisible into two layers, an upper of §
feet and a lower of 4 or 5 feet. The upper has the appearance of an ordinary
bed; the lower is a ped composed entirely of lenticels of limestone, calcite, and
chert, all dovetalling one with another. These lenticles average 2 feet In
horizontal extent by 6 to 7 inches in vertical. The upper division of the bed Is
the more. even in texture and in Impregnation and, though caleitic, s wanting
in chert. It Is not to he counted a high-grade rock, aithough decidedly higher
than the lower one, which Is In fact worthless. The lower half of the upper
division 1s also the richer, The rock as exposed in the bluff has been greatly
fracturcd. especially, it would seem, the chert, which in instances looks as
though it had been shot through the limestone in angular fragments, fraparting
to it a brecciated appearance. Shales Immediately overlie the bituminous
limestone, carrying In thelr mass, especially just above this limestone, other
thin, crystalline, yellow limestones. Greenish-gray clays underlie the bituminous
limestone lower down the guleh,

This occurrence is the most westerly of those shown on
Eldridge’s map and is thought to be the pit on the SW. ¥4 NE. %
sec. 26, T.1 S, R. 2 E.

Location number two:—This location consists of quarries
numbers two and three of Eldridge. One is on the SE. ¥4 NE. %
sec. 26, the other on the NW. %4 SW. 14 sec. 25, T. 1 S, R. 2 E,
both being opened on the Viola limestone. The most northwes.terly of
these pits is hardly more than a prospect hole but cquxdgrqble
tonnage has been removed from the other. The lithology is similar
to that of location number one, though the asphaltic content is greater.

-quarry of Eldridge.
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Locatiori number three:—This location is the old Number four
It is situated on the NE. 14 SW. 4 sec. 25.
T.15,R.2E, and is the only important quarry on the segregated
land in this district. It has always been the main quarry of the
region and is described by Eldridge (page 210-11) as follows:

This I3 advantageously opened on what promises to be & roductive body o
ygck in the block of No. 4 Ordoviclan limestone on the northet&t side of taul{ Cf
The limestone has the same features of composition, texture, and tmpregnation
as thoge described for it at the No. 4 guarry (location number nine of this
paper) of the Buckhorn district. 'The earthy, granular, and crystalline textures
are all repeated; the barren calcite bodles are present, in equal contrast with
the general mass of the rock; the calcareous mud {s all readily ldentifled In
one locality as in the other; and each varlety of rock In texture shows the
same difference In the degree of impregnation. 1f there be a difference in the
rocks of the two localities it is in an apparently more general distribution of
the calcite bodies through the rock of the Brunswick quarry, and a possible
slight lowering in consequence, of an otherwise equally maintained average In
the bitumen percentage. A feature, too, conspicuous in certaln portions of! the
Brunswick pit, Is the filllng of fraciure ceracks with pure bitumen, derived,
probably, by infiltration from the main body of the rock,

The same width of limestone is not exposed here as in the No. 4 quarry
in the Buckhorn field, but at no point in the present area s the entire thickness
of the bed brought to light. The possibilities in an economic way must therefore
remain unxnown unless the drill be resorted to.

The No, 4 Brunswick quarry is located about a mile north of the plant, to
which the product Is hauled. over an easy rond, for conversion Into mastic or
other manufactured product, or is carried beyond to the rallway at Dougherty,
o total distance of between 4 and 5 miles,

The quarries of the Brunswick district have been idle the
greater part of the time since the descriptions by Eldridge were,
written, though location number three has been operated from time
to time by the Downard Asphalt Company of Ardmore to supply
lime asphalt for paving purposes.

THE WASHITA CANYON DISTRICT.

The rock asphalt of the Washita canyon region consists of a,
few scattered occurrences along the bluffs of that river between
Davis and Dougherty, stations on the Gulf, Colorado and Santa Fe
Railway. None of these deposits have thus far been proved to be of
commercial importance. They are mentioned in order that the
discussion of the subject may be more nearly complete. Then, too,
there is no evidence that they have ever been carefully examined, but
as one of them is advantageously located it may repay investigation.

The geology of the canyon is, in many respects, similar to that
of the Buckhorn and Brunswick districts.

The principal limetsone is the Viola, from 350 to 400 feet thick.
The Hunton limestone is also present. The Simpson formation and
Sylvan shale. are the less resistant rocks of lower Paleozoic age
in the region, though the Caney shale, Franks Conglomerate and
Sycamore limestone, all of Carboniferous age, are locally present.
The most prominent structural feature is a great arch, the Dougherty
anticline, which affords an excellent section of the stratigraphy of
the east side of the canyon where the Gulf, Colorado and Santa Fe
Railway has cut across its northwestern extremity.
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The most prominent prospect is located near the center of sec.
21, T. 1 S, R. 2 E., about four and one-half miles northwest of
Dougherty, and a quarter of a mile east of the Gulf, Colorado and
Santa Fe Railway. The opening is in the Viola limestone, on the
northeast slope of the anticline mentioned above; the outcrop of the
limestone is prominent and continuous, and the zone of impregnation
embraces a very considerable area in the vicinity of the prospect, in
fact extends northwestward nearly to the river. The asphaltic content
is variable. No data as to the per cent of saturation has been obtained,
though that is the questionable feature of the occurrence. The lime-
stone of the region is of a mottled color, the mottling being due
to the uneven distribution of asphaltic matter. The texture is fine
grained to crystalline, the crystalline character being caused by the,
presence of calcite. The rock is hard, but brittle. The limestone was
crushed into innumerable angular fragments at the time of folding
and has since been recemented to a marked degree, though numerous
joints have remained, and now form the open spaces into which the
asphaltic bitumn has penetrated.

The location of this prospect is the most convenient to trans-
portation of any known deposits in Murray County, lying as it does
within a quarter of a mile of the railroad, at an elevation above it,
and without intervening hills or streams, thus offering an easy means
of overland transportataion to a commercial siding on the railroad.
The rock seems to be in almost unlimited quantities, but the quality
is yet to be proved.

Eldridge reported (p. 312 report often referred to) two
occurrences on the west side of the Washita River about seven or
eight miles southwest of Davis and above the canyon proper. Onc
is a thin limestone carrying only a trace of asphaltic bitumen and
including a half inch vein of the same material which had seeped
from the surrounding rock.

The second occurrence is about a quarter of a mile southwest
of the one just mentioned. It is a slightly impregnated sandstonc
in shales. .

Neither of these occurrences seems to be of commercial promise.
Tioth occur in limestones, sandstones and shales of Ordovician age,
and are of interest chiefly because they help to show how widely
petroleum of an asphaltic base, was distributed through the older rocis
of the Arbuckle region prior to their deformation and wearing down
to the oil bearing levels, so that the more volatile portions of the
enormous petrofetm deposits stored in the sandstones and porous
limestone could escape into the air. :

OUTLYING DEPOSITS.
Desides the rock asphalt deposits occurring within the districts

above described there are two occurrences so far removed from those
districts that they are treated as individual deposits. Both of these
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consist of occurrences of sand asphalt. One is situated on the
SW. %4 sec. 20, and the NE. 14 sec. 29, T. 1 N., R. 4 E., while
the other is reported as being located on sec. 11, T. 1 S, R. 2 E.
Only the first one of these has been visited and examined by a member
of the Survey staff. It isdescribed as the Hickory deposit.

Hickory deposit:—As just stated this occurrence consists of sand

. asphalt in secs. 20 and 28, T. 1 N, R. 4 E. The rock is rich in

asphaltic matter but has never been thoroughly investigated so that
neither the thickness of the deposit nor the extent of the area over
which it occurs are known. The formation in this locality lies, appar-
ently, level. Eldridge mentions this deposit on page 305 of the report
so often quoted in this paper and tentatively correlates the horizon
with the Dixon sandstone of the Buckhorn district. This, it will be
remembered, is the member on which the Moss and Kerby quarries
have been opened and is a portion of the Simpson formation. The
sandstone is composed of medium sized rounded quartz grains, and it
is believed that the bituminous niatter forms the cementing material
in this locality. The exact per cent of the bituminous content is not
known, but it is estimated to be between ten and fifteen. The
occurrence is about one and one-half miles south and two miles west
of the station at Hickory on the Fristo Railroad. Quarries operated
on the occurrence could be drained by gravity to a depth of ten or
fifteen feet by opening a small ditch to a branch of Mill Creek a few
hundred feet distant. This occurrence has been prospected by,
stripping an area about twenty by thirty feet in the section line, hut
has never been exploited on a commercial basis. So far as could be
learned the thickness of the deposit has never been determined but
it is believed to be at least ten or fifteen feet. '

Deposit near Dawis—As previously stated this deposit is reported
to occur in sec. 11, T. 1 S, R. 2 E,, and is therefore a few miles
southeast of Davis. The probable value and extent of this deposit
are unknown, though it is reported to be of considerable promise.

ROCK ASPHALT OF LOVE COUNTY,

Love County, of which Marietta is the county seat, is situated
in the south central portion of the State. The topography of the
northern part is broken by deep stream valleys and differential erosion
due to alternating hard and soft formations; the southern portion,
along Red River is characterized by rounded sand dunes. The drainage
is by small creeks, southward into Red River. The main line of the
Santa Fe is the only railroad which enters the county.

The geology of the county is comparatively simple. A small
area of Permian Redbeds is found in the extreme western part and
a few square miles of lower Paleozoics occur in the vicinity of .Over-
brook in the northern portion. The rest of the county is composed of
sandstones, limestones, and shales of Comanche Cretaceous age which
unconformably overlie the older rocks. The structure of the
Cretaceous and Permian rocks is monoclinal. The former usually dip
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southeastward at low angles, though the Red River fault, which
extends from near Overbrook southeastward toward the Alabama
Landing fault, has effected the structure to some extent throughout
its course in Love County. The latter, that is the Permian Redbeds,
usually dip northwestward at very low angles. Their structure,
however, is very difficult to determine, owing to the great irregularity
of deposition. The Pennsylvanian rocks consist of sandstones, shales,
and occasional thin limestone ledges which have been called the Glenn
formation by Taff. These rocks suffered great deformation at the
time of the Arbuckle uplift and are usually nearly vertical _and.often
faulted. The prevailing strike of the Pennsylvanian formation iu the
county is northwest and southeast.

The rock asphalt of Love County sometimes occurs in the.Glenn
formation and sometimes in rocks of Cretaceous age. The peculiarities
of each occurrence studied will be noted.

Location number one:—This occurrence is found on the SW.
14 sec. 6, T.6 S, R. 2 EE, about three quarters of a mile.southgast
of Overbrook. The material is a sand asphalt which occurs in a thick,
continuous Pennsylvanian sandstone member of irregular sedimenta-
tion, and with a dip of 65° S. 37° W. The asphaltic m:}terial, which ia
thought to be the residiuum of an old petroleum deposit, occurs along
the bedding plane of the sandstone. The outcrop as exposed is
approximately forty yards wide by fifty yards long.

A few years ago the rock asphalt was quarried but for some
reason operations have been suspended, though the Elepomt' dogs not
appear to be exhausted. The quarry was operated in a hill side so
that drainage was accomplished by gravity. Steam power was
employed for hoisting the product from the pit and loading it on the
cars which were brought in over a spur from the railroad, a short
distance west of the mine. ,

Location number two.—Location number two consists of two
occurrerices in sec. 27, T. 6 S, R. 2 E. One of these is a sand
asphalt deposit on the hill north of Hickory Creek in the north half
of the section, probably in the northwest corner of the nor.theasf
quarter, The other is found south of Hickory Creek and consists of
a small amount of petroleum issuing from a spring -surrqunded by
sand asphalt. The latter occurrence was rep.or'ted by'La.rkm and no
data given other than that it occurred in the Trinity formatlon,'prot.)ably
near the base. The occurrence in the north half of the section 1s cn
land owned by H. C. Drawn of Marietta. This has been prospected
but never exploited on a commercial scale. There are at present two
prospect pits, about 100 feet apart, that are from ten to twenty fest
deep. This deposit parallels the outcrop of the members of the Gle‘nn

formation which appear at the Cretaceous contact a few miles to the
northwest, and are in strike with the sandstone which bears th'e
asphaltic material at Overbrook and in sec. 26, T. 5 S, R. 1 E. This
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ooccurrence, however, is found near the base of the Trinity formation.
JAs a rule the Trinity formation bears little evidence that asphaltic
‘matter could have originated in it, and it is therefore thought that the
asphalt of these occurrences is the result of petroleum scepage from
‘the Pennsylvanian rocks below.

The cover above the rock asphalt is thin and friable. The outcrop
is on an elevation so that mines could be operated by hillside or open
cut methods and Mrained by gravity. The pits would be only about
two miles from the G. C. & S. ¥. R. R. With comparatively little
labor a road could be opened to the right-of-way where a commercial
siding could doubtless be constructed. If, however, this plan were
inadvisable the station of Overbrook is only five miles distant and
the roads are tolerable.

{  Location number three:—This location consists of three exposures
insec. 35, T. 6 S., R. 2 E. As reported by Larkin they consist of oil
springs with deposits of viscous asphaltic material surrounding the
seepages. The one which occurs in the northeast corner of the
southeast quarter is accompanied by considerable sulphur water. The
material is all found in an indurated member of the Trinity formation.

Location number four—ILocation number four, also reported by
Larkin, consists of two occurrences in the S. 14 sec. 1, T. 7 S,
R 2 E. Both of these occurrences are oil springs with deposits of
ssphaltic material surrounding them. The oil collects on the surface
in considerable quantities so that the inhabitants of the community
skim it off for medicinal purposes. Like the occurrences just described
this is also in an indurated member of the Trinity sandstons. The
dip is southeastward at low angles.

Location number five.—These occurrences, reported by Larkin,
are found in secs. 4 and 5, T. 7 S, R. 3 E. and consist of one natural
and two artificial exposures. The natural exposure is an oil spring on
Powder Creek in the NW. 14 SE. 14 sec. 4. There is little or no
‘asphalt present and the oil seems to be of paraffin base. The other
two occurrences consist of an oil, similar to that found in the spring
on Powder Creek, on the water in wells, dug for domestic purposes,
in the SW. 14 NE. 14 sec. 4, and the SE. ¥4 SE. 34 sec. 5. So far
as could be told the deposits are both in the lower portion of the
Trinity formation. Little or no asphaltic material occurs at any point
fin that neighborhood. .

Location number six.—This is a reported occurrence of asphaltic
'material in SE. 14 sec. 32, T. 6 S, R..3 E. Nothing definite could
be learned concerning the character and amount of the material. It
}s reported that the exposure occurs about a mile north of the mouth
iof Pumpkin Creek in upturned rock, therefore it is doubtless in the
:Glenn formation of Pennsylvanian age.

Location number seven:—Location number seven consists of a
'portion of the S. 15 sec. 9 and N. % sec. 16, T. 6 S, R. 3 E. At
\different places over the area described deposits of what seems to be
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impure paraffin or mineral wax occur. At present the land is leased
by the American Paraffin Company. The material is found in the
Trinity formation but the exact horizon was not determined.

ROCK ASPILALT OF MARSHALL COUNTY.

Marshall County, of which Madill is the county seat, is situated
in the south-central portion of the State. The topography is consider-
ably broken by strcam disscction. The northern part along the breaks
of the Washita and throughout almost all that part of R. 7 S., which
is in this county, is what might be termed a hilly country; while the
central portion is a gently rolling prairie with fringes of timber along
the streans.

The rocks composing the surface of Marshall County are sant
stones, limestones and shales of the Comanche Cretaceous series. In
this region these formations have a maximum thickness of p-rhaps
goo feet, and lie unconformably upon the upturned edges of the Glem
formation of Pennsylvanian age. The structure is monoclinal. The
general dip is southeastward at low angels away from the Arbuckle
uplift. The normal dip is, however, interrupted in the souther
townships by the Red River Fault, which has caused a differenpal
movement in T. 7 S., R. 5 IX. of approximately 400 feet. The faulting
has accelerated erosion so that in many places the Trinity formation,
which is the basal member of the Cretaceous in this vicinity, is exposd
for perhaps one half of its thickness.

The existence of asphaitic materials in what is now Marshal
County, Oklahoma, has been known ever since the early settlement of
northern Texas. The first occurrence which attracted attention was
the oil spring near the source of what is known as Oil Creek, a fe¥
miles north of Madill. The Indians frequently camped around th.ls
spring and drank the crude oil as a medicine, while the settlers 0
northern Texas made long pilgrimages to this point to collect tht
crude petroleum, which was then known as “Seneca Oil,” an.d was
considered a panacea for rheumatism, burns, indigestion and in fad
nearly all human ailments. The deposits of rock asphalt in the couny
did not attract attention until later. ‘

Rock asphalt is found in various parts of Marshall County, f_rom
the breaks along the Washita River almost to Red River. The variow
occurrences studied will be described under the respective field num
bers and such details of stratigraphy and structure given as wet
noted in a hurried study. No tests of the per cent of asphaltic satur&
tion have been made of the samples collected ; the statements, there
fore, as to amount of bituminous matter are based on comparatit
studies.

Location number one:—This occurrence is found in the SE. i
sec. 34, T. 4 S., R. 5 B, and is what is known as the oil spring men
tioned above. Heavy asphaltic petroleum seeps from a lentil shapel
sandstone near the top of the Trinity formation. This does not seer
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to differ materially in character from the Trinity sandstone in which
it is imbedded, other than it contains more cementing material and is
therefore harder. The flow of petroleum is very slight; in fact, it
consists of only a few drops per minute,, which are washed from the
rocks by sulphur water (the sulphur being due to the generation of
hydrogen sulphide by the decomposition of pyrite) that really forms
the spring. The oil sceps from the formation about ten fect below
the base of the Goodland limestone that lics conformably above the
Trinity sandstone. The lentil from which the oil comes is approxi-
mately fifteen feet in thickness and is exposed for a distance of about
fifty yards along the bank of the ravine. The petroleum seems to

‘come from the lower portion of this member, the productive zone
varying from three to five feet in thickness along the exposure. What

seems very peculiar is the fact that though the oil scems to come from
the sandstone, yet the outcrop of the rock is not saturated with
petroleum. In times past three small pits, into which the water and
oil collect, have been dug at the foot of the bluff.

The flow of petroleum is scant and it is not likely that the pits
will ever produce an economic yield. The structure of the region is
monoclinal, with a dip of about 1° S. 40° E.

Location number two:—Location number two is found in the SW.
Y%, sec. 32, T. 4 S, R. g E. The stratigraphic position of this occur-
rence is approximately the same as that of number one, but the mate-
rial is a low grade sand asphalt, instead of hcavy petroleum. The
asphaltic material impregnates a lentil, less friable than the surround-
ing rock, near the top of the Trinity sandstone. It appecars to contain

“a greater per cent of bituminous matter near the top than at the base,

though a few seepages of heavy oil occur near the bottom of the
lentil. The asphaltic sandstone rests upon a friable sandy shale which
grades downward into an unconsolidated, thin-bedded sandstone. The
expostire examined is about 300 feet long and could be easily drained
by gravity if quarrying should be undertaken. The material, which
may be found of value, has an overburden of about twenty-five feet
of Goodland limestone. TFrom what was scen it is not believed that
it could be economically worked under present conditions.  The
asphaltic content is not believed to exceed two per cent and this is
not always uniform,

Location number threc.—This occurrence is found in the SW. 4,
sec. 26, T. 5 S., R. 5 E. Thé material is a rock asphalt which outcrops
along the east bank of Glasses Creek about a half mile north of the
northeast corner of the Madill townsite. The deposit has never been
worked, though some prospecting has been done. The outcrop shows
a thickness of about four feet of sand asphalt, which is exposed for
several hundred feet along a small ravine. At some places where it
was examined the sandstone carries sufficient asphaltic material to
make it plastic when slightly warmed.
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Like the other occurrences it is found in a hard lentil near the
top of the Trinity sandstone. The over-burden is therefore the Good-
land limestone, where it is present. That formation, - however, has
been worn down very thin near the outcrop so that a large quantity of
material could be removed with the handling of but little overlying
detritus. The quarries could be drained by gravity. The shipping
point is only about one and one-half miles distant and the haul would
be over good country roads. It is therefore believed that the rock
asphalt could be economically quarried at this place. '

The structure is monoclinal, the dip being southeastward at low
angles.

Location nwmber four:—Location number four is in the NE. %,
sec. 29, T. 5 S., R. 5 IE,, or to'be more exact, in the head of a small
ravine in the southwest block of the Oakland townsite. The occur
rence consists of a sand asphalt lentil in the Trinity formation. At its
greatest development the lentil has a thickness of eight or ten feet, but
pinches rapidly both east and west from that point. The principal pat
of the asphaltic material secms to have lost its viscosity so that it is,
in the main, what the citizens of that vicinity call a “dead asphalt”
There are places, generally quite local, which contain four or five pu
cent of viscous asphaltic bitumen. It is not likely that this occurrence
will repay working unless the per cent increases rapidly upon opening
a quarry.

The structure is a monoclinal with low dips to the southeastward.
The bituminous matter occurs along the bedding plane of the sandstone.

Location number five:—This occurrence is in the NW. 14, st
17, T. 5 S,, R. 5 E. Like the other occurrences this one consists of i
lenticular mass of sandstone, which is slightly harder than the sur
rounding rock, in the Trinity formation, and contains asphaltic bitu-
men along the bedding plane. At its greatest development the lenti,
which is impregnated at two different horizons, is about twelve fed
thick. The deposit is exposed for nearly 400 yards along the south
side of a small creck, but thins rapidly in both directions, so tha
nearly its entirc east and west extent is exposed.

The deposit has never been prospected so that it is not known
how far the zone of impregnation extends southward. The sandstont
appears to carry from one to five per cent of asphaltic material at the
outcrop. The rich places are usually localized. Often there is nothing
left of the bituminous matter except a dark stain and a very slight
odor.

From a study of the exposure it seems that there are only a few
places where the sandstone carries enough viscous material to make
it valuable except as an adulterant for richer rock asphalt, unless the
bituminous content increases under the overburden. The deposi,
however, appears to be so large that the writer believes it to be worthy
of further investigation. Quarries could be drained by gravity. The

OKLAHOMA GEOLOGICAL SURVEY. 67
occurrence is only about two miles from the railroad station at Oa}c-
land, and the haul would be down grade the greater part of the dis-
tance and over good roads.

Location number siz:—The writer did not examine this occur-
rence, but he saw some of the material which came from the place.
It consists of an unconsolidated sandstone, in the upper portion of the
Trinity, which is so thoroughly saturated with asphaltic bitumen that
it clogged the bit while drilling the well at the Madill cotton seed oil
mill. The deposit occurs near the surface but it has never been
examined further than the note that was made during the drilling of
the well. Its desirability and availability are unknown. Since it is s0
near the railroad it is thought worthy of investigation by operators.

Location number seven:—This occurrence is found in the NW.
Y%, sec. 26, T.7 5., R. 5 E. It consists of two small lenticular deposits
at different levels in a sandstone bluff on the south side of Sand
Creek. The zones of impregnation, which occur about 100 feet below
the top of the Trinity formation that has been brought up at this
place by the Red River Fault, are only about five feet thick. The
enriched portions pinch rapidly in both directions so it appears that
the deposits are probably small.

CONCLUSION.

So far as investigations have been made, all of the rock asphalt
of Marshall County occurs as lenticular masses in the Trinity forma-
tion. The impregnation is along the bedding plane and does not seem
to be genetically associated with faulting, or other structural phenom-
ena of the Trinity. In several places the sandstone above and below
the asphaltic deposit is exposed but it seems to contain no traces of
petroleum or other bituminous matter, so no inference concerning the
original source of the asphalt could be drawn,

ROCK ASPHALT OF JOHNSTON COUNTY

There are but three known deposits of rock asphalt in Johnston
County. They occur under dissimilar conditions and are therefore
discussed as locations. v

Location number onei—The most important deposit of rock asphalt
known is on the segregated asphalt land about three and one-half
miles west of Ravia. The segregation consists, approximately, of the
NW. 4, sec. 6, T. 4 S., R. 5 E., the NE. }4 sec. I, T.4S.,R. 4E,
the S. 34 SE. %4, sec. 36, T. 3 S, R. 4 E. and the S. %, SW. J4 sec.
31, T.3S,R. 5 E. Some of the sections, however, are fractional, so
that the segregation contains 478.79 acres.

The rock asphalt of this location consists of limestone, sandstone,
and conglomerate impregnated with asphaltic bitumen. The first
operations were begun about 1902 by the Ravia Asphalt Company,
a local firm which held the lease. This company opened a quarry in
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the sand asphalt in the NE. %4, sec. 1, T. 4 S:, R. 4 E, and opersted
it for a little more than a year when the le?se is repor@ed to ha}ve ee?l
sold to the Barber Asphalt -Com]])any. ’lfhe quarry is now idle an
is reported to have been so since the transter,
1;L)uring the operations of the Ravia Asphalt Company thle. rav(s;
material was hauled in wagons to Ravia from where it was ?“;{)Pe
to St. Louis for paving purposes. The plt.opened up is near' the fa\si
of the Trinity sand of Cretaceous age and is al_)out 75 feet by 100 fee
in extent. The valuable material is in a massive sanc.lstone about six
feet thick. The overburden is a calcareous shalle which ranges frpm
nothing to nearly twenty feet in thickness. Drainage was by gravity.
The rocks of the region consist of limestones, sandstones, ti:md
shales, chiefly of the middle and upper Paleozoic age, though there
is an unconformable overlap of Cretaceous age across the southwestern
half of the area. The structure of the older rocks is monoclm.al YVltg
high dips to the southwest, but that of the Cretaceous overlap is tilte
southeastward at an angle of about 3°. There seems to be no ey1dence
of faulting in the region through crumpling and local slipping has
occurred in some of the softer members. ]
Location number two:—This occurrence of rock asphalt is along
the bank of a small creek in the NE. ¥4, sec. 14, T.4S,R. 5 E. Th(;
deposit consists of a fine grained quartzose cor.lglomerate. member‘ok
the lower Trinity sand of Cretaceous age. It is about six feet thic
and contains perhaps as much as 4 or 5 per cent of asphaltic bitumen.
The deposit has never been prospected and its character, under cover,
is not known. The rock seems very hard and would likely be difficult
ush. '
© crCross bedding prevails and the outcrops are §hort, so it was
impossible to determine the exact dip of the foym'atlon, but it seems
to dip northwestward at low angles. The deposit is overlaid by from
from 3 to 6 feet of soil and stream wash, and is located only about
1,000 feet from the railroad. The quarries cquld be dra_med by grav-
ity. The location is excellent if the deposit is of the right character
and in sufficient quantities to pay. ) .
Location number three:—This location is the occurrence described
by Eldridge?® as the A, C. Harkness Prospect. This is the only report

extant on the deposit, and is as follows:

This deposit ofphitm,nen, in practicnlly horizontal Trinity (T.ower Cretact}om)
sands.to-he occurs on the A. C. Harkness farlm. ‘3 milesdsgllxtigﬁz};axf n%ltrllgrt{sw%h:
et f {he line between the Choctaw an hicke .
;‘n:\]ml\} l(:’?)tgtr:\("(?r‘: 1!1l and 20 mileg from raflroad, and has received little nttentlonk.
Ori‘e or two small prospect pits withh}l :aEn‘ arl')ea oﬁhat}?éﬂ'gmr*?ll:e hg;rg t?l%e%x%g:t‘

S0 stone that here lies immediately benea s ace, N
L%&\Otimﬁt:qng;%" %hlcknnsg of the impregnated rock are unkn()'wr(li.l T}}e r;(;]c]t
consists of sharp aquartz grains of mf\‘dlum islz%hwlthn'cl)(c;:\‘illon&]ulioeregs‘ ‘(;1 lsnvcn

anguls angular pehbles of thia and other malerial Sce Y 3
?}lxlxl-)on\:‘;l;n‘:l:e t?na';:gof the‘a3 l)ed.\ The pehbles gre not impregnated either in their

48 Widridge, Geo. H., Asphalt and bituminous rock deposits, 22d Ann. Rept
U. S. Geol. Survey, pt. I., 1901, p. 318.

- feet long.
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material or in cracks across them. The color of the rock Is brown, weathering
brownish gray. Bitumen, although In varying quantity, iz probably the chief
cementing substance, but & small amount of oxide of Iron Is visible in ‘he
unimpregnated portions of the bed. The richer portions of the rock are soft and
gummy. 8ix per cent of bitumen is perhaps the maximum,

Location number four—This occurrence is found in the SE. 14,
sec. 19, T. 4 S., R. 6 E., and consists of a very rich sand asphalt.
It has been prospected by an open cut about twenty feet wide by fifty
In many places the heavy asphaltic oil oozes from the
bottom of the cut. So far as could be told the deposit has a cover of
four to six feet of detrital material over a considerable area. Quarries
could be drained by gravity. The impregnated sandstone is exposed
to a depth of from six to eight feet and the base is not yet in sight.
The occurrence is about two miles from the Frisco Railroad and is
the richest the writer examined in Johnston County, It is believed
that careful prospecting may prove it worthy of development.

Like the other deposits in this county, occurrence number four
is in the Trinity formation. The exposure, however, is poor and the
mode of occurrence could not be determined further than that the
bituminous matter is found along the bedding plane of the sandstone.

ROCK ASPHALT OF PONTOTOC COUNTY

Pontotoc County is situated on the south bank of the South
Canadian River southeast of the geographical center of the State. Its
county seat, Ada, is at the. junction of the Frisco and M., K. & T.
railroads. The topography is comparatively rugged. The stream
valleys are usually V-shaped or narrowly U-shaped. The drainage
belongs to two systems. The water of the northwestern half of the
county finds its way northward to the South Canadian, while that from
the southeastern portion flows to Red River through Clear and Muddy
Boggy creeks and the tributaries to the Washita. '

The geology of the greater part of the county is comparatively
simple, but that portion of the southern part lying in the triangle desig-
nated as “Lower Paleozoic” on the geological map of the region was
involved in the Arbuckle Mountain uplift and relations have been
greatly disturbed by faulting, folding and crushing. With the excep-
tion of this triangle the rocks of the entire county consist of unclassi-
fied conglomerates, sandstones, limestones, and shales, probably of
Middle Carboniferous or Pennsylvanian times. The rock asphalt to

be described occurs both in the Pennsylvanian and lower Paleozoic
formations.

The rock asphalt deposits of Pantotoc County are grouped natur-
ally into two general groups which have little or nothing in common
and which may, with propriety, be called districts. One of these

groups is found near Ada and is called the Ada district, while the

other is in the vicinity of Roff and is termed the Roff district.
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ADA DISTRICT.

The occurrence of sand asphalt at Ada is one of the largest
deposits of the kind in the State. The outcrop of the asphaltic sand-
stone can be traced along both banks of Sandy Creek for more than
four miles. The sandstone is more or less asphaltic throughout the
entire outcrop, but the paying deposits are local. A very peculiar
paradox exists in this vicinity in that it often happens that those
locations which produce the greatest amount of asphaltic oil are poorest
in viscous asphalt, which will form a cementing mixture. That is to
say that those places where liquid asphalt is running from the outcrop,
or the rocks from which it runs when exposed to the sun, are usually
so poor in bituminous matter that it is unfit for paving purposes. A
marked example of this kind is found in the NW, 14, NW. 14, sec.
31, T. 4 N,, R. 6 E., where the first pit was opened several years ago.
A considerable quantity of heavy asphaltic oil was running from the
outcrop and the place was looked upon with favor. An open cut was
driven thirty or forty feet into the bluff but the source was not found;
in fact the flow was not increased nor did the sandstone itself carry
more asphaltic material at a depth than near the outcrop, except very
locally. Other occurrences of like nature have been found to behave
similarly so that the prospectors of the district now pass as unpromis-
ing those places where the viscous asphalt is seeping from the rock.

Perhaps a dozen quarries and more than a score of prospects
have been opened in the district. No attempt will be made to describe
each of these. It is sufficient to say that more than two hundred
carloads were shipped from a single quarry during the first half of
1909, and arrangements were about complete in July to open another
pit on even a greater scale. The average price received was $2.20 per
ton on board the cars.

The exact horizon of the deposit was not determined but it seems
to occur in a sandstone varying from fine-grained and even-textured,
to a fine conglomerate or pebble stone, which is thought to be near the
base of what Taff4® has described as the Franks conglomerate. The
deposition of this formation is irregular and cross bedding is frequent,
so that even had there been time for careful study, it is quite probable
the minute structure could not have been determined. An observation
taken along Spring Creek showed the dip west of Sandy Creek to be
N. 70° W., at low angles, while a low dip in the opposite direction was
recorded in NW. 14, NW. 14, sec. 6, T. 3 N,, R. 6 E. This last
observation was not carefully checked by others, so it was not certain
whether Sandy Creek is cutting its way downward along the axis of
an anticline or not, but the general topography of the immediate region
suggests that such is the case. It appears that the vast deposit of

49 Prof. Paper U, S. Geol. Survey No. 31, p. 34,
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sand asphalt is an old oil sand which has been laid bare by the agencies
of erosion, and partly carried away, while the lighter oils and gases
of the petroleum deposit have escaped into the air.

Besides the deposits in the immediate vicinity of Ada there is one
about two miles northwest of Fitzhugh which, owing to the occur-
rence in the same geological formation, really belongs to the Ada
district. This occurrence consists of sand asphalt in the NE. 14, sec.
5 T.2 N, A 5 E. Two exposures were examined; one in the NE.
%4, and the other in the SW. 4 of the land just described. Of these
the former contained three or four seepages of heavy oil, but at no
place did the sandstone appear to be uniformly and sufficiently sat-
urated with bituminous matter to be of value though nearly fifteen
feet of the formation was asphaltic. There were small oil seeps along
the bedding plain at the latter exposure which was of a fine-grained
sandstone that carries a large per cent of asphaltic bitumen. The
seeping of the heavy oil seems to be due to supersaturation, as the
material was exposed for over forty feet and it showed no tendancy
to yield up so much of the asphatlic material that it would be left
“dead.” These occurrences have not been developed commercially
but they seem to be of promise. Fitzhugh is the nearest shipping point.

A deposit of sand asphalt is reported from near Ahloso but it was
not examined. Nothing definite is known of its character and quality,
though it is said to be of high grade and easily accessible.

ROFF DISTRICT,

The rock asphalt deposits of the Roff district are different from
those of the Ada, in that they consist of a number of seemingly inde-
pendent occurrences often at probably different horizons of greatly
deformed strata, instead of one large exposure of a single member in
a strata which have suffered but little or no deformation. On account
of their isolated and independent character it is necessary to treat
eich occurrence separately.

Location number one:—This occurrence, at the outcrop, is little
more than a bituminous stain in the Simpson formation about 300 feet
south of the Frisco bridge in the NE. 14, sec. 24, T.2 N, R. 4 E. It
has never been prospected and seems to be of little promise.

Location number two:—Location number two is situated in sec.
15, T. 2 N,, R. 4 E,, and consists of a very richly impregnated sand
asphalt in the Simpson series near a fault line between the Simpson
and Viola formations. A quarry was opened during the present year
and fifteen or twenty carloads of rock asphalt shipped from Fitzhugh,
when operations were suspended though the pit was only well opened.
The sandstone which contains the asphalt is about ten feet thick where:
it has been quarried and dips 15°, S. 50° W. The overburden is a:
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friable, ferruginous shale which breaks down readily and conceals the
outcrop so that it was not easily traceable. The workings as devel-
oped were drained by gravity and it is believed that a large mine
could be opened up if proper methods were used. -

Location number three —This occurrence was noted in the road

at the SW. cor. NW. 14, NW. 14, sec. 27, T.2 N, R. 4 E. Itisa

slightly impregnated sand asphalt in which the asphaltic material at
the outcrop has lost its viscosity. The deposit has never been pros-
pected. Observations made do not warrant exploitation unless it is
found to be much richer beneath the surface.

Location nuwmber four—This location is situated in the SE. %,
SE. 14, sec. 15, T. 2 N,, R. 4 I, and consists of a slightly sulphurous
* spring which brings a very viscous asphaltic oil from the crevices of
a quartzitic sandstone. The daily production of oil is reported to be
about ten gallons. It has not been tested, however, and this seems 2
little excessive. The formation yielding the oil is a member of the
unclassified Carboniferous series, but it is thought to be below the
Franks conglomerate. Several cubic yards of stone have been removed
in an attempt to discover the source of the oil, but the output has not
been increased, nor is the country rock sufficiently impregnated to
be valuable as rock asphalt. These facts suggest that the oil is prob-
ably from another horizon through which the water of the spring
comes, and that the water rinses the oil out in passing.

Another occurrence similar to number four was reported in the
NW. 14, sec. 11, T. 2 N,, R. 4 E,, but it had been covered by the
debris of recent freshets and could not be examined.

Location number five:—This occurrence seems to be of little im-
portance, owing to the fact that the sandstone is only slightly bitumin-
ous. The material is found in a cross-bedded sandstone in the head
of a ravine in the SE. 4, sec. 15, T. 2 N,, R. 4 E. It has never been
prospected, so its character or depth is unknown.

Location number six:—Location number six consists of 480 acres
of segregated asphalt land which belongs to the Choctaw and Chick-
asaw Indian tribes in common. It is situated in secs. 28 and 29, T. 2
N., R. 6 E. It is at present leased to the Farmer Asphalt Company
which opened quarries there a number of years ago, but operations
‘have been suspended for several years. The mineral, which consists
of limestone, sandstone, conglomerate, and shale asphalts, occurs along
two fault lines which bring the Hunton limestone in contact with
Carboniferous formations, probably the Caney shale, on the north
and the Viola limestone on the south. The deposit is usually high in
bituminous content but the distance, about nine miles, to a shipping
point makes the cost of operating prohibitive under present conditions.

I ASPIIALT MINE, TUSKAHOMA,

2 ASPHALT MINE NEAR ATOKA.,
3 DUMP OF ASPHALT MINE,
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ROCK ASPHALT OF ATOKA COUNTY

The rock asphalt deposits of Atoka County have never attracted
public attention, though several occurrences are known to exist.

There is a deposit of shale asphalt, with which a small amount of
petroleum is associated, near the center of sec. 35, T. 2 S.,, R. 13 E.
This has been prospected by two pits, one fifteen feet deep and the
other not more than ten. So far nothing of value has been discovered.
The shale in which the asphalt is found is underlaid by a massive
sandstone which exudes a small amount of bituminous matter. An
occurrence of sand asphalt was noted in the N. 14 of sec. 26 of the
same township and range. This deposit has never been prospected and
so far as could be determined is of little consequence. Sand asphalt
associated with a small vein of asphaltite, probably grahamite or
impsonite, occurs on the S. 1%, sec. 13, T.2 S, R. 13 E. A prospect
pit was opened on the deposit several years ago, but no extensive
development was undertaken. The exposure was so obscured by
detrital matter from bluffs of the ravine in which it is found that the
extent of the occurrence could not be determined. The presence of
the asphaltite suggests possibilities. .

An occurrence of sand asphalt is reported from the SW. 14, sec. .
8§, T.1S,R. 13 E, but neither have been examined and no idea of
their value and extent can be given.

Another deposit of sand asphalt was examined on land belonging
to E. P. Miller of Redden. Tt is located in the NE. 14, sec. 13, T. 1 S,
R. 14 E., and consists of a massive sandstone ledge, only the top por-
tion of which is exposed. No idea of the probable extent of the
deposit could be gained, because of the inadequate exposure. At the
surface the deposit contains, perhaps, about six or eight per cent of
asphaltic Bitumen in a fine-grained sandstone, but for some recason
the viscosity of the bitumen seemed to be almost destroyed. What
the character of the deposit is at greater depths is unknown.

All the occurrences above mentioned occur within the limits of
the Pennsylvanian series of rocks as at present understood. The exact
horizon is not certain, but those occurrences in Potato Creck hnttom
are, perhaps, in the Standley shale, while the others are probably in
the Jackfork sandstone formation. ‘

The entire region has suffered much disturbance which resulted
in mashing, folding and faulting, but owing to the present unimpor-
tance of the deposits no detailed study of the structural conditions
was made,

There is a reported occurrence of sand asphalt and malthea in
the southwestern part of the county, but it has never been examined
by a member of the Survey and littie or nothing is known of its value.
It is said to be in the Trinity sand of Cretaceous age, and to occur
about five miles northwest of Caddo.
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ROCK ASPHALT OF McCURTAIN COUNTY

McCurtain County, of which Idabel is the county seat, i§ the
southeastern county of the State. The northern part is topographically
votngy, while the saathern portion is nearving maturity.  The surface
teatures of the porth end consist of deep, V-shaped valleys, high ridges,
and narrow {flood plains, while that portion south of range five south
is characterized by long gentle slopes, low rounded hills, and broad
flood plains. The drainage is southward into Red River.

The geology of the north half of the county consists, in the maln,
of very much involved strata of probably Pennsylvanian age and a
basic intrusion which came into place at the time the Kiamichi Moun-
tains were formed. The contact metamorphism of this county is
unique in that this is the only region in the State where profound
metamorphism is known to have taken place. The rocks of the south-
ern half consist of unaltered sandstones, shales and limestones of the
Comanche Cretaceous series which form an unconformable overlap
upon the mountain-making formations of the Kiamichi uplift.

Rock asphalt:—A number of rock asphalt deposits have been
reported from McCurtain County, but on examination all proved to be
either a small amount of carbonized wood or a black shale formation,
except the one near Idabel. This occurrence is found in sec. 20, T. 7
S., R. 24 E., on the south bank of Little River, and consists of sand
asphalt in the middle or lower Trinity formation. The asphalt-bearing
horizon is exposed along the stream for about one-half of a mile,
where the current bears against the south bank. Up and down streaam
from this point, the level at which the mineral is found is covered by
river wash. As far as exposed the sandstone appeared to be rich
enough in asphaltic matter to be valuable, and in the writer’s opinion,
there is no doubt but that it is present in merchantable quantities; for

faces of the rock asphalt twenty-five feet high were noted and the

bottom was not in sight, while the saturated zone doubtless extends
southward into the bank for ten rods and more. In fact, larger and
richer deposits of rock asphalt are seldom seen in the State.

The city of Idabel is located, in part, in section thirty-one, T. 7
S., R. 24 E,, but the railway yards are, I believe, in section six of
township eight south, Thus, then, the asphalt deposit is about three
miles from the loading point on the railroad. The haul would be over
good country roads with only a few short pulls from the: Little River
bottom,

Other locations:—There were rumors of rock asphalt near Garvin,
Goodwater and Bokhoma, but when followed all seemed to point
toward the occurrence at Idabel. It is to be borne in mind, however,
that the Trinity formation, which is the chief rock asphalt-bearing
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horizon of Love, Marshall and McCurtajn counties, extends eastward
a few miles north of these places and it is not unlikely that even casual
outlook would soon be rewarded by the discovery of new deposits of
asphaltic sandstone,

ROCK ASPHALT OF LEFLORE COUNTY

The rock asphalt of Le Flore County so far as at present known
is confined to a single deposit of sand asphalt about a mile east of
Page on the southwest slope of Black Fork Mountain, on land belong-
ing to the John H. McClure estate. The occurrence is about 300
yards north of the Kansas City Southern Railway and perhaps 100
feet above the track, so that loading could be accomplished by gravity.

The deposit has never been prospected nor has the outcrop been
studied in detail, so no idea as to its probable extent can be given.
Where exposed the rock is a fine, angular grained quartz sandstone
and carries, perhaps, 6 per cent of asphaltic bitumen.

ROCK ASPHALT OF BRYAN COUNTY

Several good ‘samples of sand asphalt have been sent to the office
from Durant, but none of them were accompanied by a description
of the land on which they were found. It has, therefore, been impos-
sible to visit the occurrences and give them the notice they seem to
deserve. Under the circumstances nothing more ca nbe done than to
mention the fact that owing to the geology of the county its possi-
blities for large deposits of high grade rock asphalt seem good.

ROCK ASPHALT IN OTTAWA AND CRAIG CO.

No deposits of rock asphalt have yet been worked on a commer-

cial scale in Ottawa and Craig counties. Heavy petroleum, however,

is known to occur near the surface in several places and asphaltic bitu-
men impregnated some of the sandstones west of Afton. Rock asphalt
was encountered in a cellar and a well on sec. 1, T. 25 N, R. 22 E.
The probable value of this deposit is unknown. Its accessibility to
transportation and nearness to large cities of Kansas and Missouri
seem to make it worthy of investigation by those interested in the

-asphalt and paving industries.



CHAPTER V.

ASPHALTITE DEPOSITS
INTRODUCTION

The term asphaltite is used to designate the pure, solid minerals
of asphaltum, such as albertite, grahamite, gilsonite, etc., which are
sometimes locally called coal asphalt.

‘The development of the asphaltite deposits of the State is only
well Degun and it s, therefore, difficult to define the limits of their
occurrence. At present, however, it appears that the region where
these materials are most abundant is the northwestern part of the
Ouachita Mountains extending from Page in southeastern Le Flore
County to Atoka, the county seat of Atoka County. Deposits have
been exploited to a greater or less extent at Page, near Tuskahoma, at
Jumbo, in the McGee Valley and near Atoka. Besides these there are
several reported and known occurrences within this region which have
not been developed, and two isolated known deposits farther west—
one near Dougherty in Murray County and one west of Alma in
Stephens County, known as the Loco Mine. The mine at Jumbo is
the only one on segregated land. The other deposits are either owned
in fee or belong to the allottee.

The total output of pure asphalt within the State for the year
1909 is reported to have been 4,413 tons, consisting of asphaltic
material won from the sand asphalt at Woodford and from the gra-
hamite mines at Tuskahoma and Jumbo. Of these, the Tuskahoma
mine was the greatest producer.

PAGE DEPOSIT

The asphaltite deposit near Page, in Le Flore County, consists
of a deposit of grahamite situated on the southern slope of Black Fork
Mountain, about two miles east of Page, a station on the Kansas City
Southern Railroad. To be more exact it is on the S. 14, sec. 24, T. 3
N., R. 26 E. on land belonging to the estate of John H. McClure.

This occurrence was first brought to notice in 1895 when a hunter
by the name of Upchurch reported that he had found coal in Black
Fork Mountain. It is reported to have been exposed over an area
about twelve by sixteen feet, but the detritus from prospecting now
covers the greater part of the exposure. When he learned of the
occurrence Mr. McClure entered the land according to the laws and
customs of the Choctaw Indians and when allottment was made. he
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secured a title. The land was once under Icase to the Mena Coke and
Coal Company of Mena, Arkansas, hut was never developed on a com-
mercial scale. ‘I'he deposit was first described by ‘Taff.ho

Black Fork Mountain is composed of the Jackfork sandstone
which is made up of massive sandstones separated by thin shale mem-
bers. The exact structure of the mountain was not determined during
the hasty reconnaissance of the past season. It has the appearance,
however, of being a steeply dipping monocline, but it may be an over-
thrust-fault from the south, or an overturned closed fold, the axial
plane of which dips toward the south. Taff concurs in this opinion,
though he, too, has not, it seems, determined the structure in detail..
In many parts of the mountain the sandstone has been shattered and
faulted to a high degree, so much in fact that it is often difficult
to determine the dominant lines of fracture.

The grahamite occurs as a vein-filling material along a fauit
fissure, which trends south by southwest, cuts the strata at an acute
angle and pitches steeply toward the southeast. There has been fault-
ing, subsequent to the filling of the fissure, which has cut the deposit
short to the eastward, About fifty feet from the east end of the
deposit the grahamite is again cut by a cross fault and the strike
changed frm about S. 45° W. to S. 20° W., a direction which it main-
tains throughout its exposed extent. There has been a shaft sunk along
the vein, near the south end of the exposure, to a depth of perhaps
thirty or forty feet and then an entry driven to the shaft from the
south face of the mountain. At the outcrop the vein is about ten feet
thick, and is reported to have been found to be twelve or fifteen feet
in the workings, but conditions were such at the time examination was
made that this could not be verified. It is readily seen that this is a
very highly disturbed vein deposit, variable in its extension, and that
its dimensions can only be determined by actual exploration.

Samples of the asphaltite at Page were taken with considerable
care during the past season, but it has been impossible to make as
complete laboratory examination as desired. However, a few of the
physical characteristics have. been determined. In general the material
resembles the grahamite at Jumbo in the Impson valley, of the Atoka
occurrence, and of the upper portion of the deposit near Tuskahoma.
It is quite black and friable, and has a hackly fracture. In masses the
luster is not brilliant, but the ‘small facets exposed by fracture are
brilliant. In some parts the vein shows a banded structure, probably
due to movement after solidification, as small slickensided surfaces
are in evidence. The planes of fracture in an individual band are all
parallel, but at varying angles with those of adjacent bands. So far
as examined this deposit seems to have suffered more extensive meta-
morphism than have the deposits farther west in the Ouachita Moun-

50 Taff, J. A., Grahamite deposits of southeastern Oklahoma: Bull. U, 8.
Geol. Survey No. 380, pt. I., 1909, p. 294-295,
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tains. By reason of the metamorphic action a greater amount of the
volatile constituents have been removed and the mineral is more resist-
ant, both to solvents and heat, than are those from other regions of
the state, except, perhaps, that northeast of Dougherty. On heating
in a candle it crackles but does not ignite as does the grahamite from
Jumboj; in fact it seems quite probable that this material belongs to 2
class of asphaltites different from those in other parts of the State.
In the following table, after Taff the per cent of fixed carbon rep-
resents the degree to which the material has been metamorphosed.
Proxvimate analyses of bitummens from Impson Valley and Black
Fork Mountain, Oklahoma, and Fourche Mountain, Arkansas.

l , Black Fork Fourche

Impson Mountain, Moun‘“aln,
| Valley | solld solid

| grahamite. | bitumen, bitumen.

MOISEUTE v vvvivenrrenriraanannnsneanse 0.25 0.09 2.51
Volatile bitumen 43.33 23.06 17,78
Fixed carbon ....ooviveivrer oo §5.97 75.90 79.15
ASh Liveeeiiiiennanas 1.45 0.95 0.55
SUIPhUT . vvenereveioenuroaanrroresrnees 1.47 1.69 1.38

DEPOSITS NEAR TUSKAHOMA
INTRODUCTION.

Tuskahoma is located on the north bank of the Kiamichi River, in
a broad valley formed upon the friable Standley shale formation. The
valley is interrupted to the north by the Potato Hills composed of
Talihina chert. Eastward it extends nearly to the headwaters of the
Kiamichi River, while to the westward it is connected with McGee
valley. The main deposit of asphaltite near Tuskahoma is in the
valley of Jackfork Creek about ten miles northwest of the village,
though there are some occurrences of minor importance in the Potato
Hills about four miles north of the town.

POTATO HILLS OCCURRENCES.

There are two small occurrences of asphaltite noted in the Potato
Hills. These deposits consist only of small amounts of what seems
to be grahamite along the hedding planes and in joints and solution
cavities of the Talihina chert. The country rock of the occurrence,
on the SE. 14, sec. 1, T. 2 N,, R. 19 E,, is a highly silicious lime-
stone exposed at the crest of a small broken fold trending east and
west. The other occurrence is in the NE. 4, sec. 2 of the same town-
ship and range, where the rocks dip 85° S. 7 W. The formation
consists of thin strata of highly silicified limestone and slaty shale.
The asphaltites and occasional showings of viscous bitumen, also occur
along bedding and joint planes and in solution cavities, Neither
deposit is though to be of economic importance.
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JACKFORK VALLEY OCCURRENCE.

This occurrence, situated partly on the NE. 14, sec. 9, T. 2 N, R,
18 E., and partly on adjacent land, is one of the largest known asphal-
tite deposits of the State. In point of production during the past year
it is the largest, though it is not so extensively explored as is the
Jumbo vein to be described later. The deposit was first brought to
public notice during the winter of 1906 and shipments were made the
following fall, however, it is said that a citizen found it in a well prior
to allotment, and supposing it to be coal, kept it secret to avoid segre-
gation. The first report of the occurrence was by Taff. The land
known to contain the. asphaltite is under lease to the Ft. Smith
Asphalt Company, of Ft. Smith, Arkansas, which has opened up a
mine on the SE. !4, NE. 14, sec. 9, as described. The operators
report that they have traced the vein by prospect pits, for a distance of
three-fourths of a mile west of the mine location and about one-fourth
of a mile east of it, thus making the known occurrence one mile long,

The country rock consists of sandstones and shales near the center
of the Standley formation, of Carboniferous age. The rocks here
dip south at an angle of 37° at the outcrop, and the vein which is
reported to average four feet at the surface, lies parallel to the bed-
ding plane of sandy shales below, and a slightly shaley sandstone
above, to a depth of more than 125 feet, where the dip of the deposit
changes to about 47° and so continues to the bottom of the mine, but
the dip of the formation does not change. The opening occupied by
the asphaltite seems to have been formed by a bedding fault probably
overthrust from the south. Slickensided surfaces in the wall rock are
comparatively few, and none were noted in the vein material, thus
indicating that there was very little movement along the fault plane
prior to filling and none at all after the bituminous matter had solidi-
fied. The mine was opened at the point where the asphaltite was
the thickest, about 19 feet. Development has shown a maximum
thickness of about 25 feet. Drifts east and west from the main open-
.ing have shown that large pieces of the hanging wall fell into the
deposit before it had become solid. At other places the vein is parted
near the middle apparently by the branching of the fault, though
exploration has not gone far enough to determine whether the zone of
fracture had really parted or whether the parting is only due to a
gigantic cave from the hanging wall.

, Taff, in the report cited above, calls the vein filling material
grahamite, though he records no laboratory identifications. There
are two distinct types of the material throughout nearly the entire
occurrence as exploited. The lower zone, which ranges from a few
inches to more than nine feet, consists of irregular pentagonal prisms,
black in color, of bright luster and distinctly subconchoidal to con-
ghoidal fracture. The upper done is of irregular structure, hackly
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fracture and dull luster, except on small facets. Where the lower zone
is of sufficient importance the material is separated from that of the
upper portion of the vein and sold as gilsonite, while the remainder is
marketed as grahamite. Whether there is any real difference in the
material or not has not been determined, but if there is none the strik-

ing difference in structure and fracture presents a very interesting
phase.

THE IMPSON VALLEY OR JUMBO DEPOSITS

This occurrence of asphaltite, located on the W. 15, sec. 28,2 1 S,
R. 15 E., was first discovered in 1891 by C. E. Wilson and was thought
to be coal until 1899 when Taff’s? paper describing it as asphaltite
was published. A small mine was opened soon after the discovery in
1891 and operated by Dr. H. C. Nash et al.,, of Antlers, the product
being chiefly marketed as coal for use at Antlers. The Choctaw
Asphalt Company came into possession of the mine in 1902, but has
made no attempt at exhaustive exploitation. This company has main-
tained only sufficient crew at the mine to continue prospecting and
keep the plant in repair.

In Taff's first paper, above mentioned, he compared the Nova
Scotia albertite with the specimens collected in the Impson Valley and
decided that there was sufficient difference for them to belong to
different species and suggested the name impsonite for the Impson
Valley mineral, but in a later paper (Bull, U. S. Geol. Survey, 380)
he cails the Impson Valley asphaltite grahamite,

The grahamite deposit occurs along a zone of faulting and frac-
ture near the top of the Standley shale and extends for one-half mile
along the west side of the valley in a north and south course, near
the base of the hills of Jackfork sandstone, which form the western
barrier of that portion of the drainage basin of Ten-mile Creek, known
as Impson Valley. The structure of the region is graphically described

by Taff in Bulletin No. 380, above referred to, and is as follows:

The formation has been strongly folded upward@ and thrust over slightly
townrd the west, The strata have been fraclured and probahly faulted along 8
helt parallel with the axis of the fold and near the west side of the valley. The
beds of shale and sandstone contiguous to the veine have suffered crushing and
shearing to such an extent that they are retained in the walls of the mines with
great difficuity after the grahamite has been extracted. Strong pressure has
bheen exerted on the rocks since the bitumen became solld, tehreby causing it
to be fractured and intimately jointed. The grahamite velns are lenticular and
varlable in form bhoth laterally and vertically. The strike of the veins haz n
general north-south direction, parallel with the general trend of the rocks, but
not necessarily parallel with the individual beds. The pitch of the veing i¢
steep toward the east, in the direction of the dlps of the rocks, but usually at
a greater angle. . . .

The cross sections of the Jumbo mine given in this report are

compiled from maps and plans, furnished by A. W. Thomas, Super-
intendent of the mines and mill, show the extent and character of the
deposit better than description.

51 Taff, J. A, An albertite-like asphalt In the Choctaw Nation: Am. Jour
Scl. 4th series, vol. VIIL, Sept., 1899, New Haven, Conu.

I AsD 2 ASPHALT PITS,
3 PILE OF GYPSONITE,
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McGEE VALLEY DEPOSITS

There are two known occurrences of grahamite in the McGee
valley in eastern Atoka County, neither of which has been previously
described. One is located on the SE. Y%, sec. 28, T. 1 N, R. 14 E.
The other occurrence, known as the Pumroy mines, is located on the
NE. %4, sec. 25, T. 1 S, R. 13 E., about twelve miles southeast of
Stringtown on the Missouri, Kansas and Texas Railroad. Both occur-
rences are in the Standley shale, probably near the top. The general
strike of the formation is northeast-southwest, though local irregu-
larities are frequent. There is evidence of mashing and faulting at
the first location, while the structure at the Pumroy pits is shown by a
“figure” in this report. Between these two occurrences there were
several places noted where mashing and breaking were in evidenca.
In each instance the structure had a trend of north about 30° east.
While it was not determined whether there is a continuous line of
fracture extending from one occurrence to the other, it seems highly
probable that they are both in the same zone of mashing, though the
faults in which the grahamite occurs may be of local extent.

The grahamite of the most northerly occurrence i exposed at
two places in the bank of a branch of McGee Creek where the line

-of outcrop has been cut by an abrupt bend. The vein, which is one

inch thick at the north end and two inches at the south end, occurs in
a greenish sandy shale that is very much distorted and mashed and
has been displaced by faulting. Several years ago a shaft was sunk
on the vein to a depth of fifteen or twenty feet, but as it had only
slightly increased in thickness, the site was abandoned. It is impossible
to predict the probable value of the vein as all asphalts of this char-
acter are very irregular in their occurrence.

THE PUMROY MINE.

The Pumroy mine consists of three openings on a vein of gra-
hamite in NE. 14, sec. 25, T. 1 S., T. 13 E. The exact date of the
opening is not known, but a citizen says that theoccurrence has
been known for forty years; its exploitation, however, did not begin
until within the last few years. The first shaft sunk is on the bank
of a branch of McGee Creek. Several carloads of the material were
shipped from Stringtown, but the mine became so badly flooded that
4 second shaft was opened about a quarter of a mile southwest of
shaft number one, which was abandoned. At the time the property
was examined the north shaft was filled with water so no examination
Was possible. The other, however, was only partially filled and
examination showed that the grahamite is contained in a fissure
caused by the faulting of the formations, at an angle to their outcrop,
after they had been steeply upturned.
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It is reported that in all more than a hundred cars of the material
were shipped from Stringtown. Operations are suspended at present,
though the original operators say that the grahamite was present in.
paying quantities as far as it was prospected. At present the long
haul to a shipping point mitigates greatly against profitable working
of the deposit at this location.

There is a small vein of grahamite on the S. %%, sec. 13, T.2 S,
R. 13 E., which trends nearly north and south, besides other reported
occurrences. Nome of these have been sufficiently prospected to
detetrmine their possibilities.

DEPOSIT NEAR ATOKA

This deposit, also consisting of grahamite, is located on the SW,
14, sec. 29, T. 1 S, R. 12 IZ., on the south bank of North Boggy
Creek, about six miles northeast of Atoka and only a few hundred
feet from the Missouri, Kansas and Texas Railroad. The date of its
discovery is unknown to the members of the Survey, but the first
mention on record is Taff's short account on page 296 of United
States Geological Survey. Bulletin No. 380, where lie describes it as
the Boggy Creek deposit.

The material occurs as a vein filling substance in a greenish
clay shale with large amounts of associated chert in the Talihina chert
of Ordovician age. The vein, so far as exploited, which is only about
eighty feet, lies along the bedding plane of the formation. The mine
was worked by a slope which has a dip of 32° S. 80° E. at the mouth
of the slope, but owing to the prescnce of water it could not be
examined for more than a few feet. The vein is reported to have been
only about two inches thick at the outcrop, but it is said to have grad-
ually thickened with depth until it was several feet thick at the bottom
of the slope. The grahamite is exposed in the bank of a small ravine
thirty feet north of the shaft. At the top it is only two inches thick;
two feet lower it has increased to three and one-half inches so the
reported increase with depth does not seem extravagant. Local fault-
ing at an angle to the dip is comr~ 1, and the joints and seams of
the rock in the vicinity are often fillea with grahamite.

The material is commercially classed as grahamite, and as a rule
exhibits the hackly fracture, dull luster, except on small surfaces, and
other general characteristics of the Jumbo grahamite and the upper
portion of the vein near Tuskahoma. Some of the material, however,
has a distinctly sub-conchoidal to conchoidal fracture, bright luster,
and is irregularly pentagonal in  cross section.  Whether  this

difference is due to the presence of different varieties of mineral
i the samc vein or to greater pressure and slight movement and
crushing in some portions nf the vein, is unknown. It seems,
however, that the latter explanation is the more probable. Tt takes
fire and swells in the flame of a candle and burns with a short red
flame for a brief time when removed from the fire.
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WILLIAMS PROSPECT

The Williams prospect consists of an opening on a vein of
.a‘sphalti.te—like material located on sec. 33, T. 1 S, R. 3 L, about
five miles northeast of Dougherty, on land belonging to W. J.
Williams of Sulphur. The prospect consists of a shaft, seventy-six
_feet deep‘, sunk on the vein which is nearly vertical. The vein occurs
in what is thought to be the Woodford chert, and seems to be near
the top, only ten or twelve feet below the Sycamore limestone, but the
horizon was not carefully determined. The vein is reported to be
eighteen inches thick at the top and seven feet at the bottom of the
shaft. The opening, however, was filled with water at the time of
examination and these thicknesses could, therefore, not be verified
but the vein material is eighteen inches thick in a shallow pit aboué
100 yards southeast of the mine, hence the reported figures are
doubtless correct. The structure was not determined hecause of the
mantle of detritus which covers the region, but the deposit appears
to be along the bedding plane of the chert which is composed of the
characteristic chert lentils and silicious shales of the Woodford
formation,

The material mined has not been tested in the laboratories of
the Surve_y, but the owners sent some to a commercial assayer who
reported it to be a “fuel asphalt.” The physical properties of this
.deposit differ greatly from those of the grahamites already described
as the one near Loco to be discussed later. It is a dull lusterless
waxy black, requires a sharp blow to break it, sub-conchoidal t<;
conchoidal fracture, hard to crush with the teeth, is fully as hard to
kmdl? as the average bituminous coal, cokes readily, but burns to an
ash, if in open air or a stove, without melting. Its solubility in
lc(rude petroleum or other ordinary solvents for the asphalts is not

nown,

LOCO DEEROSIT

This deposit of grahamite occurs in the NW, 14 sec. 6, T. 2 S.
Iliérr?]'w.’ as aT}\]'ein filling material in sandstones and shales of

ian age. e occurrence is not segregated and wz: i
described by W. R. Crane as “Asphaltic Cogl”gin the J::nat?;;rs Ifglcr)zt
issue of Mines and Minerals. Since then Taff wrote a short ’sketch’
of tl}e occurrence for the IFederal Survey. The field occurrcncﬁ was
studied fqr the present report by Ilen C. Belt whose notes are quite
complete in many respects, but owing to the fact that work has been
suspended for several years he could not procure underground data
such as Crane® gives, hence that author’s report is drawn upon fIi:
report, in part, is as follows: . B

652 Crane, W. R., Asphaltic coalsg { :
vol XXVL, No, §, January, 1906, p. Ssigtys [ndian Territory: Mines and Minerals,
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sandstones, shales, and clays (both red and blue) which beds have been cut by
a series of parallel fissures ranging from a. few inches to several hundred feet
apart.. oo Three well-defined veins have been discivered and .opened on this
property, known as the Sanner Claln, which 1s 80 acres in extent, The main
vein has been traced for fully half a mile by shafts and test pits, and has a
strike of 47 demrreed east of north and a vpitch of %0 degrees to nearly 90 degrees
to the noithwest. Running exactly parallel with it at a distance of about 300
feet to the south !s a second veln, which has becn tranced for about one-fourth
mile, beginning with the extreme western extension of the former vein., 'These
two paraliel veins are also cut by another, which has a strike of 45 degrees
west of north, thus lacking but 2 degrees of forming a right angle. The pitch of
this vein ig also RO degrees to 90 degrees, but in this case to the west. It has
peen traced for a distance not to exceed 350 feet—the contents pinching out both
to the north and south, although the fissure is known to continue for some
distance further. Development work on the cross-vein showed the existence of
still another vein running parallel with the first two mentioned and at a distance
of about 250 feet north of the mlddle or main vein........

The pitch of all’ the veins so far developed averages probably 85 degrees:
{. e., a shaft sunk upon the vein and maintainlng a straight line would have
such a pitch, although the pitch of the individual portions, or enlargements, of
the vein may range from the vertical to as low as 46 degrees........

The greater portion of the longest vein, thus far designated as the main
vein, is barren, or has at most only a few inches (1 to 3) of asphaltic coal.
The extreme eastern extension of this vein has proven to be most productive,
and the vein as a whole more productive than any other in the vlcinity'.

Four shafts have been sunk at about half a mile from the cross-veln,
mentloncd above, at which point the vein has been pinched out quite abruptly—
its continuntlon is then uncertain from this point on eastward. Just west
of the squceze or pinch-out occurs the most extenslve part of the deposit,
which extends for a distance of 800 to 1,000 feet along the vein, and it is in
this portion of the vein that theshafts are located, 'The first shaft is sunk at
a point 85 feet from the termination of the vein, while the others are located
at intervals of 150 to 300 feet apart. The shafts vary in depth from 60 to 100
feet, some of 'which still continue in the deposit, while others have passed below
what appears to be the workable limit........ A careful examination of the
vertical sections of the deposit, rendered possible by the open stopes, shows a
pecullar arrangement of the parts of the vein and gives a decided impression of
vertical folding along the line of the vein. So pronounced i¥ this effect that In
several cases observed the enlargements of pockets, in the deposit, were
connected by only a few inches of vein filling, or necks, the adjacent ends of the
pockets slightly overlapping as though having been acted upoun by vertical
compression. The condition of the assoclated formations on both hanging and
foot-walls does not, however, bear out the idea of folding, but rather seems
to point to the saueezing effect of lateral compression, 'fhe condition of the
assoclated formations on both hanging and foot-walls does not, however, bear
out the idea of folding, but rather seems to point to the squeezing effeot of
jateral compression as the agency which acting upon a viscous non-compregslble
material has produced the marked Irregulariiles of vein content noted. The
goftness and weakness of the country material have rendered the {rregularities
more striking. The brooming of the shales and the broken condition of the
harder sandstone and limestone portions of the walls also corroborate the lateral

compression theoryeesecess

Fissuring rather than faulting seems to be the condition prevalent n this
dlstrict, Displacements of only & few inches at he most show the extent of
faulting in the veins in question,

The pockets are roughly lenticular in shape and vary in thickness from @
few inches up to 10 and 12 feet, average probably 4, and range from 25 to 100
feet in both horizontal and vertical extent. At several points on the veln, at &
depth of 100 feet or thercabouts, the deposit has pinched out entirely, as shown
by shafts and other workings, this closing of the veln may be more or 1658
abrupt, while at other points the deposit has maintained its thickness; in still
other cases, although the main body of the deposit has pinched out, yet it
continues as stringers, of which there may be quite & number, even as large a8
1 inch in thickness. These stringers usually run out in the course of 10
o 20 feet........

The formations, containing the velns, have a dip of about 2 degrees to the
east of south, which accounts for a still further distribution of asphalt through
the surrounding strata. On the up, or north =side of the main vein, the
dissemination of tho llauld asphalt does not extend more than several feet,
except in rare instances, while it may reach to & distance of one-half mlle
or more on the south side or in the direction of the dip........
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CONCLUSION

The commercial asphaltites of Oklahoma all occur as vein filling
deposits either in fissures occasioned by faulting or along the bedding
planes of formations which have evidently suffered great distortion
or extensive movement. All known deposits are associated with
sandstones and shales, or near-shales, as we might call the cherty
shales of the Talihina and Woodford formations. The rocks con-
taining the grahaniite are of Ordovician age near Atoka; of Devonian
age at the Williams prospect; and Permian at the Loco occurrence,
while the others are at different Carboniferous horizons below the
?ernuan. The physical properties of the deposits at Atoka, Jumbo,
in the McGee and Jackfork valleys and near Loco are alike in all
essential respects unless the variable luster and fracture of portions
of the product from Jackfork Valley and near Atoka should prove a
part of the vein to be of some asphaltite other than grahamite. The
deposits in Black Fork Mountain and near Dougherty differ from the
others and from each other. This difference seems to be due to a
greater loss of volatile constituents and may prove them not to be
true grahamites. Throughout the region the veins have been found
to be of variable extent both as to thickness and length, a condition
which characterizes all vein filling deposits. Little can be conjectured
of the amount of available material beyond the limits of actual pros-
pecting, There are numerous rumors of outcrops of “coal” east of

Antlers, in the vicinity of Hochatown and in the Kiamichi Mountains
southeast of Tuskahoma. It is believed that these rumors are likely

occasioned by the presence of outcrops of asphaltite, as the rocks

:of that region are geologically below the coal bearing horizon, but
are of the same age as those which contain asphaltites at Page, and

Jumbo, and in the Jackfork and McGee valleys.



CHAPTER V.
ON ASPHALT PAVING.

Many cities and towns either have asphalt pavements already
laid or are preparing to construct them in the near future, hence there
are constant inquiries about strcet paving processes. It is with the
hope of assisting many of those interested in such work that these
few pages are inserted.

The best treatise on the subject which I have consulted is the
Modcrn Asphalt Pavement by C. Richardson, published by Wiley and
Sons of New York. That writer discusses the building of pavements
at length, and the various materials and tools used in their construction,
and also gives standard tests for various asphalts used,” such as
Bermudez, Trinidad Lake, and California oil asphalt, etc., of which
more will be said later. The processes of testing were, it appears,
developed with especial reference to the use of Bermudez, and
Trinidad Lake asphalts, which are mainly owned and controlled by
the Barber Asphalt Company for which Mr. Richardson is reported
to be chief chemist.

In general an asphalt pavement consists of three courses, the
foundation, intermediate, or binder course, and the surface course.

The preliminary steps in paving are three in number: (1) Con-
struct a subsoil base by excavating the street to such a depth that,
after being thoroughly rolled, the surface of the pavement when
finished will be at the desired grade: (2) Good substantial curbs
should ‘then be constructed of poured concrete: (3) Concrete gutters
s_lu])uld be built with the joint between the gutter and the curb water-
tight.

In preparing the sub-soil all soft places and water seeps should
be thoroughly remedied by drainage and the introduction of such
foreign material as will insure a stable base for the foundation to
rest upon, and the drainage system of the streets established. In
cities with storm sewers the gutters should drain toward the sewer
openings while the center of the street should be high enough to
insure ready drainage toward the gutters. Curbs of flagging stone or
brick laid in cement mortar are sometimes substituted for poured
concrete curbs but these are seldom satisfactory, for the stone must
necessarily be set on “edge” so that frost and heat soon burst it to
picces, while brick will be found expensive, when properly laid, and
if one is torn out, or disintegrated by freezing or other cause, those
adjacent are loosened.

The gutter is often omitted in actual practice, but as a rule
it is not best, for horses or wagons left standing by the curb during
warm weather will cause depressions in the surface in which water
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will collect and rapidly disintegrate the pavement. Then, too, the
street dirt always gravitates to the gutters, and will collect more
abundantly along the curb than anywhere else, and the organic matter
contained therein will generate compounds which are injurious to
asphalts. Running water also has a tendency to destroy the average
surfacing where exposed to its action. All things being considered
a concrete gutter is an economy rather than an expense, though the
initial cost may be more,

When the drainage and proper grade have been established and
the curbs and gutters are in, the street is ready to reccive the
foundation course which is to carry the weight of the other two
courses and also that of the traffic, and should therefore be without
defect. It should consist of from four to six inches of poured
concrete, the thickness depending on the base and probable weight of
traffic. The concrete should be composed of crushed stone, or clean
gravel, and sand of assorted sizes so that each portion of smaller
aggregates will fill the voids left by the next larger, thus forming a
mechanical bonding and lessening the strain on the cement. Extreme
care should be used to insure perfect contact where new work abutts
against old; otherwise the finished pavement is liable to crack due to
give in the foundation.

The second, or binder course, should consist of assorted crushed
stone from one inch or one and one-fourth inches in diameter down,
and of such amounts that a mechanical bond will be formed. In

‘common practice this mineral aggregate is heated and coated with

enough asphaltic bitumen to envelope every particle, then spread the
desired thickness, usually three inches or so, over the foundation and
rolled smooth with a steam roller.

The third or surfacing course is similar to the binder, except
that the mineral aggregates are much finer, usually clean sand and
fine mineral dust, heated and coated with asphalt and rolled down. The
object of this course is to prevent dust and mud, deaden sound, resist
wear, and break jars; it must, therefore, be tough and elastic, and be
rigidly supported, laterally by the curbs and from beneath by the
concrete foundation.

Richardson makes his work, referred to in the beginning of this
chapter, appear fair by applying the so-called “standard” tests for
the Trinidad and other artificial asphalts to the natural rock asphalts
of the United States and finding them wanting in many respects. He,
therefore, concludes that because the natural product does not satisfy
the artificial demands made to suit an artificial product, the former
is of no value for paving purposes. To determine the relative merits
of the artificial material and Oklahoma natural rock asphalt, one only
needs to compare the pavements of Oklahoma City, which are made
from artificial mixtures, with those of Ardmore, Sulphur, Paris, Texas,
and some in St. Louis, Kansas City, and other cities of the South-
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west, constructed of Oklahoma rock asphalt. In every instance the
natural product is out-wearing the artificial one, but it is not pre-
pared and applied exactly as specified for the artificial mizture. The
preliminary steps of grading, curbing and guttering should be the
same for either material. :

In preparing the artificial material mineral aggregates free from
all asphaltic bitumen is used in the binding and surfacing courses.
After sizing, the aggregates are mixed with enough asphalt, while hot
—three to six per cent—to coat each particle. At first thought it
appears that this should form an ideal asphaltic concrete, but it does
not, because of what might be called “self consumption.”  The

asphaltic cement contains a large amount of volatile matter, -otherwise
it would not liquify at the temperatures demanded and be as easily
penetrated as specifications require. The mineral aggregates are free
from asphalt and are honey-combed with capillary pores and cracks,
due to crushing and natural causes, When each particle of the
aggregate is heated and encased in a film of the semi-liquid asphalt,
capillary attraction immediately sets to work to draw as much of the
liquid within the stone as is possible, that is to satuurate the aggre-
gates, while solar heat evaporates the volatile matter at the surface.
Thus two forces are continually at work destroying the elasticity and
viscosity of the asphalt, making it more brittle than cement, and
rendering the surface capable of being powdered to dust.

Since the elastic and viscous qualities of asphalt are all it has to
recommend it as a cementing material, it is very obvious that the
more forces that are at work destroying those properties the less
desirable it will be as a paving cement.

In the case of natural rock asphalt the deteriorating factor of
“self consumption” is removed. The rock, limestone, sandstone, or
shale, as quarried is thoroughly saturated with asphaltic bitumen.
Paving with this natural product is about as follows: The desired
kind of rock asphalt is quarried and crushed to various sizes. The
imestone and sandstone varieties from the constituents of the binder
course and are so sized,after crushing, that the voids are filled in
ogder to form a mechanical bond. If the per cent of asphalt is too
great, it is then diluted by adding some less bituminous rock, heated
and rolled down. The surface mixture is composed of finely crushed
sandstone mixed with the finest material from the limestone crush-
ings. This is heated and rolled down in the same manner as the arti-
ficial mixture. As the sun’s heat drives off the volatile constituents
of the asphaltic cement of a natural rock asphalt pavement, the reserve
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contained within the individual pieces of the mineral aggregate will
yield up a sufficient amount of volatile matter to maintain the neces-
sary elasticity and viscosity of the cement for a long time after the
artificial mixtures would be impoverished and worn out.

Thus it is apparent that a pavement properly built of natural
asphalt must needs be far superior to any artificial mixture in which
the mineral aggregates are not thoroughly saturated with the cementing
material—asphalt.



PART IL

PETROLEUM AND NATURAL GAS.

BY L. L. HUTCHISON.

CHAPTER VL

ON THE HISTORY OF PETROLEUM AND
NATURAL GAS.

INTRODUCTION.

“In the History of Human Error an extensive chapter is requisite
in connection with petroleum.”—Redwood.

It is not the purpose of the writer to try to correct the errors
which have arisen in connection with attempts to account_for'the
origin of petroleum and natural gas, and their accu.mulatlon into
limited areas; nor is it intended to introduce new theories, but ra_ther
to make a careful review of all obtainable literature on the’subject,
which seems worthy of consideration—because of the authqrs prom-
inence as a scientist, or on account of the apparent care used in making
the observations recorded—then summarize the data gathered and
point out what seems to be the most plausible theories and show why,
in the writer’s mind, they are so. _ ) _

In the study of the subject several questions have arisen which,
it appears, are new to the literature. "I‘hese have been stated as
clearly as possible and tentative suggestions made as to a possible
answer. It is intended to use these suggestions as a.ba31s for furtl_1er
investigation, for, in the light of present data, a satisfactory solution
is impossible.

The published papers and reports on petroleum and natm:al gas
have been used as texts of general information. Under such circum-
stances it is impossible to give complete credit, but in all cases where
the direct thought or words of another have been u'sed, it has been
the purpose to give reference to the author and article from which
it was obtained. )

In this connection, the writer wishes to acknowle(.ige the assist-
ance of Prof. J. D. Irving, and the valuable data furnishe dby Prof.
Charles Schuchert, on which the generalizations under the sqb—head
of “Distribution in Time and Space” are based., It is also desired to
express appreciation for the kindly interest shown by Messrs. F. B.
Laney and H. L. Ward, in bringing to attention several valuable
articles which would otherwise not have been had. Acknowledg-
ment is also due Prof. I. C. White, of West Virginia, for valuable
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references on foreign fields; Prof. J. C. Banner, of California, for
bibliography of California petroleum and some suggestions; to Prof.
H. Hoefer, of Austria, for like assistance relative to petroleum fields
cof his country; to Dr. Koohibe, Director of the Imperial Geological
;Survey of Japan, for a full report, the latest maps, etc., of the oil
‘fields of that nation; to Mr. Frank Barnes, of Bristow, Oklahoma,
‘who so kindly loaned the author many of his father’s old papers
relative to the earliest attempts to discover oil or gas in eastern
Oklahoma ; to Dr. Skelton, of Okmulgee; Dr. Clinton and Hon. E. R.
Perry, of Tulsa; Mr. Russell H. Johnson, of Bartlesville ; Mr. Mitchell,
of the Gulf Pipe Line Co.; Mr. Moran, of the Texas Pipe Line Co.,
and many others who either furnished valuable data or lent personal
assistance to the writer in his attempts to collect trustworthy informa-
tion. Special mention is due Mr. Kelsey, of the Cudahy Oil Co., of
Cleveland, Ohio, who supplied the office with nearly 300 accurate
well récords and other data; and to C. H. McReady, Oglesby, Okla-
homa, with the Low Oil & Gas Co., who not only furnished valuable
records, but also exact elevations of the mouths of all their wells,
as compated with a nearby bench mark. Owing, however, to unfor-
tunate circumstances, it is impossible to use much of these data in this
report. They have been filed and will be of great assistance in future
detailed work which the Survey proposes to undertake in the future,
when it is hoped. that ‘all Oklahoma operators will be as willing to
assist as these gentlemen have been.

HISTORICAL SKETCH
INTRODUCTION.

~ Because the manufactured products of petroleum have been
;known and used in a commercial way only for half a century or so, it
is commonly thought that the crude product is a recently discovered
mineral, but both biblical and classical history record its presence
88 far back as human records have been kept, and it seems that a few
iof these references may be of interest.

BIBLICAL REFERENCES.

In the Scriptures, reference is frequently made to salt and slime.
Tt appears that these words were translated from a term which, in the
priginal manuscript, was used indiscriminately to mean common salt,
piter and bitumen. Accepting this interpretation it would seem in
ithe building of the Tower of Babel, Genesis ix, 3, where it is said

83 For fuller discussions of the history of petroleum see:
Redwood, Sir Boverton, Petroleum and its Products, 1906.
Henry, J. D., Baku, an eventful History.
Thompson and Redwood, Handbook on Petroleum.
Thompson, A. Beeby, The Oil Fields of Russia.
White, L, 1. C., West Virginla Geological Survey Report, Vol, 1 (a), 1904,
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“slime had they for mortar,” that the mortar was some form of
bituminous subtsance, an assumption which receives confirmation in
the writings of Herodotus, who, about 450 B. C., spoke of the use of
bitumen, brought down by the river Is, as mortar in the building of
the walls of Babylon (Hist. 1,179). In Genesis xiv, 10, we are told
that “The vale of Siddim was full of slime pits,” and the word here
translated “slime” appears as bitumen in the Latin Bible. Also in
Job xxix, 6, “and the rock poured me out rivers of oil,” and Deuter-
onomy xxxii, 13, “oil out of flinty rock” perhaps referred to “natural
oil,” but it may be that these expressions are merely oriental hyperbolat
for an abundance of olive oil so essential in the domestic economy of
those days. Then, too, may not the pitch with which Noah “pitched
the ark within and without with pitch,” Genesis vi, 14, have been one
of the solid or semi-solid bitumens?

CLASSICAL REFERENCES.

Among the classical writers, Herodotus, Vitruvius, Strabo and
others refer to the working of bituminous deposits for both oil and
asphalt, Strabo and Pliny tell of the use of “Sicilian Oil” from
Agriegentum for illuminating purposes. According to ancient Jap-
anese and Chinese records it appears that these nations were using
petroleum and natural gas as fuel, even before Abraham was called
from Ur of Chaldea,” but China, in keeping with her ultra-conserva-
tive policy, is not even yet one of the world’s petroleum producing
nations. The Pythian shrine to Apollo was situated over a natural
gas emanation, the mystery of which gave rise to the rites and cere
monies of a religious cult of ancient Greece, while the eternal fire of
the Zoroastrians was the burning of escaping natural gas.

To cite more of the early history would be beyond the purpose of
this paper and only add unnecessary detail to the established fact that
petroleum and natural gas have been known to man and used of
worshipped by him ever since before history began.

HISTORY OF MODERN DEVELOPMENT.
INTRODUCTION.

In 1908 the United States, Russia, FEastern Archipelago (Suma-
tra, Java and Borneo), Galicia, Roumania and India produced 95.35
per cent of the world’s petroleum, while Japan, Mexico, Canada, Ger-
many, Peru and Italy combined produced only 4.62 per cent. Of
these the United States and Russia are the greatest producers. In
1908 the former yielded 63.09 per cent of the whole, while the latter
produced 21.85 per cent. So it seems, owing to their importance, that
brief mention of the early beginnings and present development of
petroleum production in these countries would be of interest.

~ Pennsylvania.
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PETROLEUM IN UNITED STATES.

The earliest mention of petroleum within the present bounds of
the United States was made in a letter written, by a Franciscan monk,
dated in 1629, and published in Sagard’s “Histoire du Canada” in
1632. This letter describes some of the oil springs of what is now
the State of New York. It is also recorded that Peter Kalm, a
Russian naturalist who visited America in 1748, discovered petroleum.
On returning home Mr, Kalm published an account of his travels,
together with a map on which he located the springs of Oil Creek
Mr. Gesner says, in a Practical Treatise on Coal,
Petroleum, etc., (1865), that petroleum and soft bitumen have been
known in California since 1792. There is no record of early discov-
eries of petroleum in the Mid-Continent field, but it appears that as
early as the middle of the nineteenth century petroleum was known
to occur, as springs, in eastern Kansas.

EARLY USES OF PETROLEUM.

Whether the Indians used petroleum as a medicine or not is not
certainly known, but such was the use to which white men first put
it in America. “Seneca Oil” as it was called, (for Lake Seneca, New
York, near which the first source of supply was located), was con-
sidered a panacea for all burns, bruises, sprains, rheumatism, etc., and
was so much in demand that a small phial full would sell for forty or
fifty cents as late as 1833.

APPALACHIAN FIELD,

The excessive prices just mentioned did not obtain for long. Salt
manufacturers drilling for brine in the Appalachian regions of Penn-
sylvania, West Virginia, Kentucky and southeastern Ohio often en-

“countered petroleum and the supply soon outgrew the demand. The

manufacture of coal and shale oil by distillation of coal and bituminous
shale, whence the name coal oil, had grown to considerable magni-
tude by the middle of the nineteenth century and there was a great
demand for these products. It took only a few tests to discover that
the “rock oil,” which was looked upon with disfavor in the brine
wells, was of nearly or quite the same quality as the crude distillates
from coal and bituminous shale, and the petroleum soon began to
displace the oil obtained from coal and shale. The “natural or rock
oil” market thus being stimulated by dispensing with coal and shale
oil, borings soon began to be made in search of petroleum. The first
well drilled in America for oil only was completed at Titusville, Penn-
sylvania, by E. L. Drake in 1859. Trom that date until 1905 the
Appalachian region held first place among American oil fields; but
during that year it fell to third place, yiclding first and second to
California and Texas, respectively, but due to a great slump in Texas



98 OKLAHOMA GEOLOGICAL SURVEY.

production, it rose to second in 1906. Since 1906 the Agpaliachian
field has been outstripped and was fourth among the nation's pro-
ducing fields in 1908.

LIMA-INDIANA FIELDS.

For twenty-five years the Appalachian fields produced all the
petroleum of tlzle Unit}:ad States, but during the fall.of 1884 gas was
discovered in the Trenton limestone at Findley, Ohio. Trial borings
were made in all directions from Findley and b_y'the close of 1887
the Lima-Indiana oil field was fairly well.defmed. In 1908 this
region ranked sixth among the American oil fields.b

ILLINOIS FIELD.

During the early excitement in the {\ppalachian region se\{erl'ctl
attempts were made to procure oil in Illinois, put none were esgec1al.y
successful. There were some gas wells drilled near Litchfield in
1884. In 1889 the same wells began to yield lpetroleum". Development
was slow and was carried on mainly by local companies of inexperi-
enced men until within the last twelve years or so, when experienced
oil operators were attracted thither and dgv_elopme.nt began on a larger
scale. This region has proved very prolific and in 1908 was third m
importance in this country.®®

MID-CONTINENT FIELDS.

The Mid-Continent oil and gas field as defined by the Um'ted
States Geological Survey, is composed of the petroleum producing
regions of Kansas, Oklahoma and north Texas. .From the data at
hand it appears that the earlicst settlers of Kansas discovered petrolelt}m
springs in the eastern part of the State and used such local s.uppfles
for lubricating purposes, etc. G. W. Brown® began prospecting 'Orl
petroleum near Paola, Kansas, as early as 1860; but the politica
unrest of those times demanded the attention of every one a}qd nothing
further was done until after the war. Considerable quantities of gas
had been found near Iola as early as 1873, and Paola was heated fmd
lighted by natural gas in 1882, The real development ot: the region,
however, did not begin until 1890, when"Pennsylvama',operators
entered the field. From that date productiion has steadily grown,
until the Mid-Continent field now ranks first among the producing
regions of the United States.50

54 Mineral Industry for 1908, New Yorik, 1909.
55 Op. cit. 295
59 Report Kansas Unlv, Geol. Survey, Vol. 1, 1896,
60 Mineral Industry for 1908, New York, 1809.
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TEXAS FIELDS.

Petroleum was first discovered in Texas about 18601 when a
few flowing wells were brought in near Nacogdoches at a depth of
only 100 feet. A few storage tanks were built, but production was
light and the industry dormant for more than a quarter of a century,
#s is shown by the fact that the total yield of that place was only fifty
barrels. The Sour Lake strike of 1893 was worth while, and the
Corsicana field (first discovered in 1894) yielded 546,000 barrels in
1898; but the importance of Texas as an oil producer was not known
until the bringing in of the Lucas well at Beaumont in January,
190o1. This well had an estimated initial flow of over 75,000 barrels
per day. The area of the field, however, was small and the wells
‘were numerous, s¢ production soon declined. Other small but very
prolific pools were soon discovered near -Beaumont, so that Texas
ranked second among the oil producing states in 190g, fell to sixth
in 1906,2 and ranked fourth in 1908.63

LOUISIANA FIELDS.

Petroleum was known in Louisiana as early as 182054 but was
‘only used locally for lubricating purposes and to prevent rust on imple-
ments. There was no development worthy of mention until 1904,
when, doubtless stimulated by the Beaumont strike in January of that
year, a well was undertaken near Jennings, Louisiana, (about ninety
miles east of Beaumont, Texas) and completed as a gusher in August
of the same year. TFrom this beginning development went on rapidly
until in 1908 Louisiana produced nearly seven million barrels of crude
0il,85 and promises greater things for 1909.

CALIFORNIA FIELDS,

As stated earlier in this paper the presence of petroleum in Cali-
fornia has been known for more than a century, but there was little
done toward development as is seen from the fact that though the
first well was drilled in 1869, the total production in 1880 was only
40,552 barrels. From this latter date, however, California’s production
moved steadily forward until in 1905 it was the greatest producer
among the states of the Union. Its claim to this distinction was short
lived, for Oklahoma exceeded it in 1907 and 1908.

—

61 Bulls, 212 and 282, U. 8. Geol. Survey.

62 Mineral Industry for 1906, New York,

63 Through Story Land to Sunset Sca, H. 8. Kneedler, 1898,
84. Mineral Indus‘ry for 1908, New York.

66 Through Story I.and to Sunset Sea, H. 8. Knecdler, 1908,
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LESSER FIELDS.

Besides the states mentioned above there are known occurrences
of oil or gas, generally both, in fourteen other states which had a
combined production of nearly a half million barrels in 1908. Of these
Tennessee, Colorado and Wyoming promise best, but there are others
of the fourteen which will doubtless prove productive in the near
future,

PETROLEUM IN RUSSIA

To go back to the beginning of the history of Russia petroleum
and natural gas it seems would be to go back to the very beginning
of history itself for the earliest record of man’s doings in the Caw
casian regions of what is now Russia contain accounts of the use of
petroleum as ointments and medicines, and we find the Zoroastrian
cult of fire worshippers bowing before “eternal fires” (burning gas
emanations) at Baku as early as the sixth century B. C. To eva
enumerate the early writers who have described the “natural wonders'
of the Russian field would make a long and interesting list, but the
purpose of this paper forbids its insertion.

EARLY DEVELOPMENT,

Though Baku petroleum has been known and worked from the
earliest times it seems that there is no direct evidence of its exporte
tion from the Apsheron Peninsula, on which Baku is built, befor
the tenth century. Marco Polo®” about the close of the thirteenth
century wrote of a “fountain on the confines toward Georgine, from
which oil springs in great abundance.” He says that this “oil wa
used to burn and to anoint mangy camels” and that “people came fron
great distances to obtain it, for it was the only oil in the county
round about.”

Thus it appears that Caucasian petroleum was of commercid
importance even that early. The industry, however, was carried on
in a desultory, oriental fashion until the final wresting of Baku fron
Persia in 1806. At that time the Russian governmient granted 1
merchant named Merzoff a monopoly of the operation of the Bak
oil fields. This monopoly was not abolished until 1872, when it wa
replaced by a government tax which held for five years, after whidh
that, too, was discontinued. The effects of the monopoly and the
tax were to limit production and restrain development so that the totd
production in 1872 was only 1,500,000 poods, roughly 150,000 barrels

66 For a fuller discussion, sece:
Redwood, Petroleum and its Products, Vol. 1, 1906.
Thompson and Redwood, Handhook on Petroleum, 1906,
Henry, J. D., Baku, the Land of Bternal Fire.
Thompson, A. Deeby, The Oil Flelds of Russia,

67 The book of Sir Marco Polo, the Venetian, Ed. by Col. Yule, London, 1871
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MODERN DEVELOPMENT OF RUSSIAN FIELDS.

Prior to 1871 the oil in Russia was collected from hand-

and pits, which rarely exceeded fifty feet in depth. During ?l:lzﬁ ;V:;lrs
howe:ver, a well was drilled on the Balakhany plateau with the result,:
that it was the first of a large number of gushers—pre-eminently the
greatest that the world has ever known—and marked the beginning
of modern development in the oldest oil field of Caucasian history
The introduction of drilling, followed as it was by the dissolution of‘
the monopoly in 1872, and the removal of the excise tax in 1877, gave
great impetus to the modernization of the Russian petroleum ind,ustry.



CHAPTER VIL

IRUTION OF PETROLEUM AND
DISTR NATURAL GAS.

INTRODUCTION
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GEOGRAPHICAL DISTRIBUTION ¢
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PRODUCING COUNTRIES
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6% For a fuller discussion see, Thompson and Redwood, H
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America was represented among the world’s producers in 1908 by
Peru only. - There are, however, very promising deposits of heavy
petroleum in Venezuela, Colombia, Brazil and on the Trinidad
Islands. So far, African petroleum deposits are not adding to the
world production, but it is believed that the petroliferous strata of
the Lake Nyanza region, Gasa Land, Mozambique, Guinea, the Trans-
vaal and the Barbary States may be found productive.

MINOR OCCURRENCES

Besides the productive occurrences mentioned above, there are
trustworthy reports of the presence of petroleum or natural gas, or
both, in nearly every country of the world. To attempt to describe
these ever so briefly would require more time and space than are now
available.

DISTRIBUTION AS RELATED TO PHYSICAL
FEATURES

In the preceding pages geographical distribution of petroleum
and natural gas has been discussed. But since there is a theory con-
cerning the origin of these hydrocarbons based on volcanic activity,
and others claiming that they are due to inorganic chemical reactions
brought about within the earth at high temperature and pressure, the
relation of the great oil fields of the world to regions of vulcanism
and former orogenic activities should be noted.

According to the best authority?™ at hand the line of volcanic
activity in the Japanese Empire follows near the southeastern coast
of the middle island (Yesso) and a little east of the central line of
the southern island (Nippon). . Saghalien, the northern island, has
no volcanoes. Numerous active volcanoes are also found along the
southern coast of Nippon. From Japan the line of activity extends
southward through the Philippine Islands and the Celebes, and then
swings in a broad curve through Java and Sumatra to the northern
end of the Malay Peninsula. Borneo is included within the loop, but
has no volcanoes and is several hundred miles from any volcanic
activity. Mill locates an old volcano at the south end of the Caspian
Sea and one at the southeastern extremity of the Black Sea. Dryer
shows a line of ancient activity extending from the Sea of Azov in
Russia northwestward to the Baltic coast of Germany, thence curving
near, and with the trend of the coast, it passes across France into Spain.

In the Western Hemisphere the general trend of the volcanic
zone with the western coast is too generally known to need more than.
passing mention. Dryer shows a line of extinct volcanoes along the:
eastern slope of the Allegheny Mountains of North America from the
Gulf of St. Lawrence to Northern Georgia.

.70 Mill, the Realm of Nature, p. 90.

Dryer, Lessons in Physical Geography, p, 208.
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In Japan, Java and Sumatra the main mountain axes coincide
with the lines of greatest vulcanism, and the Himalayas north of India
form the great system of Asia. In LLurope orogenic forces were most
profound in the region of the Swiss Alps and western Austria-Hun-
gary, while the Carpathian and low Caucasian ranges are the eastern
expression of the same general movement. On the American con-
tinent the coincidence of the line of volcanic activity with the trend
of the great mountain ranges of the west is quite noticeable, and the
Appalachian Mountains of the castern United States pass from New
York across central Pennsylvania, castern West Virginia and Tennes-
see, closely paralleling the chain of extinct volcanoes farther east.

With the above data in mind let us now study the location of the
principal petroleum fields of the world and -their relation to the
regions of volcanic activity and previous orogenic movements.

The oil ficlds of Japan are found along the west coast of Nippon,
the western and southern coast of Yesso and the eastern shores of
Saghalien, usually as far removed from the line of volcanic activity
as possible.

Of the Eastern Archipelago, Borneo has no volcanoes but has a
small mountain system consisting of a chain .running northeast-south
west, north of the center of the island, while the petroleunt fields lie
near the coast along both sides. The principal field ol Java extends
out to some adjacent islets and is found along the north side of the
east end of the main island, and Sir Boverton Redwood™ after dis-
cussing the occurrence of petroleum in Java and the deteriorating
effects of volcanic heat on the petroleum in the contiguous oil bearing
strata says, “It is scarcely necessary to add that the richest fields are
those far remote from volcanic foci” The oil fields of Sumatra are
in two widely separated regions; one is along the northeast coast in
the plains drained by the Lanksa River; the other is near Palambang
in the southeastern end of the island. The former field lies between
the low range of mountains which extend about half the length, and
near the center, of the island. The latter occupies a comparatively
level country drained by the Lalang River.

So far as the authority cited above shows there have never been
any active volcanoes in Burma, the oil production of which comss
from two general regions. One of these regions is along the west
coast, and the other, which is the more prolific, is situated in the
valley of the Irawaddy River between two mountain ranges, Pagu
Yoma on the east and Arakan Yoma on the west. The Assam fields
are near the Brahmaputra River far down the slope of the Himalayan
uplift.

The Baku region on the Apsheron Peninsula produces by far the
greater part of the Russian oil. This field is removed from any vol-

71 Petroleum and its Products, p. 165.
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canoes, either ancient or recent, but it appears to be near the axis
of the Caucasus deformation, which has not resulted in profound
crumpling or folding in the petroleum districts.

The Galician fields extend for several hundred miles along the
northeastern slope of the Carpathian Mountains. The producing
areas have the northwest-southeast trend of the mountains and a few
‘occurrences are known near the crest of the range; but with these few
exceptions the entire ficld is well removed from the region of the
greatest mountain making disturbances. The Roumanian and Tran-
sylvanian fields occupy the southeastern and southern slopes of the
same range of mountains but are generally at considerable distance
from the zone of greatest tectonic disturbance.

Tl}e Gel:m_an fields are far to the north of the great center of
orogenic activity of the Alps, but the petroleum is in strata which
have been disturbed by folding.

' Turning now to America we find that the Appalachian petroleum
field (Pennsylvania, New York, West Virginia, etc.) is well out upon
tl_1e western slope of the Appalachian uplift. The Lima-Indiana’
field is far removed from the Appalachian uplift and is little dis-
tl}rbed.'” The same is true of the Illinois region and none of these
fields are in any way connected with regions of recent or ancient vul-
canism. In the Mid-Continent field, so far as it is yet developed, the
strata all dip uniformly to the west and northwest, away from the
Ozark Mountains, at low angles except where they are interrupted by
gentle anticlinal folds. Oil has, in no instance, been found in the
regions of profound disturbance which begins east of Grand River and
extends east into Arkansas. The best production of the field is more
than forty miles from the region of faulting and over one hundred
miles from the focus of the Ozark Mountains, while volcanic activity,
ancient or modern, is unknown to that part of the United States. The
petroleum. of Texas and Louisiana is found under small quaquaversal
domes along the coastal plain of the Gulf of Mexico far removed
from either volcanic or great tectonic movements; and the Mexican
fields occupy a similar province along the eastern coast of that country.
~ The California petroleum fields have been divided into ten dis-
tricts.7¢ The entire region extends, roughly, for a distance of two
‘hundred miles morthwest-southeast at an acute angle with the coast
_ranges, and has a maximum width of perhaps one hundred miles.?
‘Being thus at an acute angle with the trend of the mountains some of
the producing districts are on the coastward slope while others are in
the basin around Tulare Lake. From data at hand it appears that the
Santa Clara, Los Angeles and Puente Hills are the most highly dis-

72 Includes Ontarlo for present discussion. -

73 Orton, H. Sr., Eighth Annual Report, U, B. Geol. Survey, Part IL

74 See Bull. No. 309, U. 8. Geol. Survey.

75 This estimate is of course regardless of barren or undeveloped territory.
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turbed of the more important districts of the coastward regions. These
fields consist of faulted, over-turned and distorted sedimentaries of
Miocene and later ages, besides some Jurassic granites in the Sants
Clara district, and a post-Miocene diabase dike less than three quar-
ters of a mile from producing wells in the Puente field. These condi-
tions, however, do not seem to have influenced the accumulation of

petroleum.?8
76 Eldridge and Arn.old, Bull. 309, U. S. Geol. Survey, p. 109. )
The Peruvian field, it appears, extends from the Gulf of Guayaquil

southward nearly two hundred and fifty miles to Point Aguja, and is
about one hundred and fifty miles wide, lying between the Andes and
the coast. According to Mill's map, already cited, there appears to be
a cessation of volcanic activity from latitude fifteen degrees south,
north to the vicinity of Quito. It is thus readily seen that Peru
procures her oil from an area remote from severe ‘volcanic activity
and at a maximum distance from the mountains.

DISTRIBUTION IN TIME AND SPACE?”

Petroleum and its derivatives, gas and solid bitumen, are among
the most widely distributed of known substances. In one form or
another members of the petroleum series are reported from every
geological age from the Laurentian to the most recent members of the
Quaternary formations. If, however, the solid bitumens are omitted
the range is narrowed for the oldest reported occurrence of petroleum
or natural gas is from the Archean of France where gas is said to
emanate in small quantities.

The occurrence of petroleum or natural gas in economic quantities
in rocks older than the Potsdam (Cambrian) sandstone is unknown.
In fact, the gas from that horizon in the western part of New York is
the only known deposit of liquid or gaseous bitumen of commercial
importance in rocks older than the Ordovician. Petroleum from
Cambrian beds has been reported in Alberta, but its value is not yet
known. All the petroleum from rocks older than the Carboniferous
is produced in the eastern part of the United States and Canada. The
Trenton limestone is the most prolific horizon of Ordovician age as
it is the reservoir rock in southern Ontario, Lima-Indiana, and par
of the Kentucky and Tennessee fields. The production from the
Silurian rocks is much less than from the Trenton. The only regions
where valuable deposits of petroleum are reported from Silurian
sediments are in the Appalachian fields, the principal occurrence being
in New York, Pennsylvania, Kentucky and Tennessee. The data,
however, are not as clear on that point as could be wished, and it is

77 See:
Redwood, Petroleum nnd its Products, 1906.
Thompson and Redwood, Handbook on Petroleum.
Thompson, A. Recby, Ofl Flelds of Russia.
Orton, Petroleum, Natural Gas, ete., Kentucky Geol, Survey.
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not always possible to determine the exact horizon of production. The
amount of oil being obtained from Devonian’® rocks is much more than
from those of Silurian age, but the Devonian production is still far
below the yield from Ordovician sediments.

The production of West Virginia is almost, if not quite, wholly
from Carboniferous and Upper Devonian rocks. Illinois obtains her
supply from beds of Pennsylvanian age as also does the Mid-Con-
tinent field. The three fields just enumerated are the only ones
where the Carboniferous formations are heavy producers. The

. Permian rocks are barren in the Mid-Continent regions except some

minor deposits at Arkansas City, Kansas; Petrolia, Texas; Ponca
City, Blackwell, Lawton, Wheeler and Gotebo, Oklahoma. There
is also a qualified statement to the effect that some oil comes from
members of that age in Europe, but the Permian, so far as is at
present known, is by no means an important petroleum and natural
gas horizon. ‘

There are nearly a score and a half of reported occurrences,
of bituminous matter of one sort or another in rocks of Triassic or
Jurassic age but so far as the writer is able to learn notable amounts
of petroleum are not secured from either of these horizons, though
some of the oil of Colorado and Wyoming is found in members of one
or both of these ages.

The Cretaceous formations on the American continent are
productive in Texas, southern Oklahoma, Colorado, Wyoming,
Alberta, and probably in a few instances in California; while a portion
of the petrolenm of Germany, Galicia, Roumania and the Trans-
Caspian provinces of Russia, comes from rocks of that age.

The petroleum of the great fields of Russia, California, the
Gulf coast, the Eastern Archipelago, Japan, Galicia, Roumania and
some of the minor fields, as those of Mexico, Peru, Germany, India,
Colorado and Trinidad is being produced from Tertiary rocks. These
countries and states are accredited with 58.74 per cent of the world’s
production in 1908.

Deposits  of petroleum and natural gas in the Quaternary and
recent sediments are reported but none are of economic importance.
Redwood in his work, Petroleum and its Products, reports that
collections of organic matter adjacent to the Red Sea are giving rise
to oil along the shore, while the occurrence of marsh gas in the
swamp regions is a matter of common knowledge.

Thus it is seen that the greater portion of the world’s petroleum
is being produced from rocks of three geological ages, namely:
Tertiary, Carboniferous, and Ordovician, though considerable quan-
tities are obtained from Devonian, Cretaceous, and Silurian rocks,

78 Statistics of 1908.
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and in one instance gas is found in the Potsdam of Cambrian age,
but in spite of the wide time range of petroliferous strata, the
Tertiary rocks are by far the greatest oil and gas producing forma-
tions in the world.

This “trio” of principal producing ages gives rise to several very
interesting questions, some of which are:

(1) Do those ages in which the greatest deposits of petroleum
and natural gas have been found bear evidence of more abundant life?

(2) Do those ages contain a relatively greater per cent of
marine strata ? A

(3) What are the comparative areal extents of exposed, and
therefore explorable, strata of the different ages?

(4) Are the formations of those ages in which petroleum is
the less aboundant more highly oxidized than those of the producing
strata or.not, or is there any perceptible difference?

To make complete answers to the above questions would, it
seems, be of value in determining the reasons for the occurrence
or non-occurrence of oil and gas in rocks of different ages, but at
present such answers are impossible because of the scarcity of data.
It appears, however, that an examination of procurable data would
not be without profit.

There seems to be no reason to believe that there has been any
general diminution of the total aggregate of life during any period
cince Cambrian times.” That is to say, there is evidence of abundant
life during Cambrian times and that since then the total amount of
organic life perishing during various periods of rock formation has
been, comparatively speaking, constant rather than fluctuating
rapidly from age to age, or period to period, though there has been a
difference in the kind of life. During some stages when terrestrial
animal and plant remains only were preserved, the formations are
considered subaerial deposits; while during other stages sea weeds
and marine animals supplied the organic matter contained in the rocks,
and the strata are classed as of marine origin. It seems that it
matters little, if the organic theory of origin'is correct, whether the
deposits were formed on land or under sea so long as organic matter,
eithcer animal or vegetable, was buried in large amounts during
sedimentation.

According to the best data®? available it appears that the sediments
from the beginning of Cambrian times until the close of the Pennsyl-
vanian period were, in the main, marine. The .deposits of the
Permian were generally sub-aerial with the exception of one inundation
in western North America and probably the northern extension of the
Mid-Continental region. ' The rocks of Triassic age are, as a rule,

79 The writer wishes to agaln acknowledge the personal assistance of Prof.
Schléghlgrt, of Yale, in making these generalizations,
em,
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non-marine, and those of the Jurassic are perhaps more predominately
s0. The Cretaceous beds were to a great extent formed in the sea,
but rocks of Tertiary age bear evidence of a greater per cent of
sub-aerial deposits than any other of the main geologic periods.

A rough estimate, for at best it is only such in the light of
present data, shows that the areal extent of rocks of the various ages
stands approximately in the following relations to each other:

First, Carboniferous,
Second, Ordovician,
Third, Devonian,

Third (a)8!, Cretaceous,
Fourth, Silurian,

Fifth, Cambrian,

Sixth, Triassic,

Sixth (a)82, Jurassic,
Seventh, Tertiary.

Thus it appears that of the Paleozoic eon the Carboniferous and
Ordovician rocks are most widely exposed at the surface. It will
also be seen that these two ages rank first and second, respectively,
in the production of petroleum and natural gas from rocks of pre-
Mesozoic age, while the Devonian, Silurian and Cambrian which
respectively rank third, fourth, and fifth among the older formations,

. in the production of oil and gas, also hold those serial positions in

the table of comparative areal exposures. The Cretaceous formations,
which are nearly equal in extent to those of Devonian age, were, in
1908 far greater producers of liquid and gaseous hydrocarbons than
the Devonian rocks,

The Triassic and Jurassic beds, which rank sixth in area,
yielded little petroleum in 1908; while the Tertiary rocks which have
a less superficial exposure than those of any other age, yielded the
major part (58.74 per cent) of the world’s oil in that year.

A high degree of oxidation of a formation is indicated by the
red color due to the presence of ferric oxide in the rocks. Oxidation
of rock formations may occur in two ways: first, by an absence of
reducing organic matter at the time of deposition; second, by super-
ficial weatheting. Thus if a series of beds is red throughout, the
fact points to a dearth of organic remains entombed in the rocks, but
not necessarily to a scarcity of life; for the conditions necessary to
mix the organic matter with the sediments and preserve it—thus
preventing oxidation—may have béen poor. There was, therefore,
no organic matter deposited in red rocks from which petroleum could
be formed*: and “red beds” are nccessarily non-petroliferous unless
petroleum has been introduced from adjacent strata.

81 That i3 ave equal to Devonfan in extent.
82 That Is are equal to Triassic,

* The question of orlgin s unavoldably anticipated here. For complete
discussion see Chapter IX., of this rcport.
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Superficial oxidation due to weathering and rock decomposition
can occur only after a region has been elevated above sea and is
effective only to limited depths, so that it can have no influence
whatever on the deep seated petroleum making processes.

So far as data at hand show, ‘“red beds,” except an occasional
stratum, are not found from Cambrian to upper Carboniferous,
Permian, times. The Catskill formation of Devonian age in Penn-
sylvania and West Virginia is sometimes called “red beds” but the
conditions there are vastly different from those which obtain in the
Permian and often in Triassic and Jurassic. White83 ‘describes the

contrast as follows:

I note what you say with reference to the barren (of oil and gas) condition
of the Redbeds of Oklahoma. As I understand the matter, these strata are all
red—sandstones, shales, and everything—which Is a condition yuite different
from that occurring in the Catskill Redbeds. Here only the shales are red and
some even of them are dark or gray, while the conglomerates and sandstones
are almost invariably white and always contain more or less organic reamins
when they crop to the surface. One of these conglomerates I have studled
in detall where it is a surface rock and even yet containg much ofl in the
vicinity of LeBoeff Station, Erie County, Pa. This is fully described in my
Report Q4 of the Pennsylvania Geological Survey. to which you doubtless have
access. I recognized in it there not only nbundant animal remains, but also
land plants as well as marine plants. The same sandstone or conglomerate i3
frequently filled with great numbers of fish remains., Hence, I have always held
to the organic origin of oil and gas and I ‘hink that most of it is indigenous
to the sands themselves where it is now found instead of having ascended into
it from shales or other strata below. :

The Permian of Oklahoma and Texas is uniformly red, non-
fossiliferous, non-petroliferous. These conditions also obtain in the
Permian in parts of Europe and often the Triassic and occasionally
the Jurassic occur in a highly oxidized state, but the Cretaceous and
Tertiary are seldom if ever so. The presence of so much red color in
Permian, Triassic and Jurassic rocks is positive proof that little or
no organic matter was deposited in them, and it therefore appears
that there must be some genetic relation between the absence of
organic remains and the non-presence of petroleum in these highly
oxidized beds.

Since petroleum and natural gas are very volatile substances it
is quite obvious that even though the rocks of early geologic times,
which have been exposed to weathering for ages, had been highly
petroliferous at the time of their elevation the opportunity for escape
afforded by exposure would have been so great that the available
supply would be nearly or quite exhausted by the present time, The
chances for the preservation of petroleum until the present are,
therefore, very poor in old, weathered and altered rocks, or in
regions of a later age where unconformities are frequent.

Finally, then, we may say that the abundance of petroleum in the
rocks of a given geologic age does not appear to depend so much on a
more abundant life, on a predominence of marine sediments, or on
a wide areal extent of exposed rocks, as it does on favorable conditions
for the preserval of organic matter, on the recentness of the
disturbance which brought the rocks to or near the surface, and on
the continuity of sedimentation.

83 White, I. C., Personal letter to the author dated Jan. 24, 1910.

CHAPTER VIIL

CHEMISTRY OF PETROLEUM AND
NATURAL GAS*

INTRODUCTION

It is not the present purpose to enter into a detailed chemical
discussion of petroleum and natural gas, but to deal in a general way
with those features of the subject which are germane to the treatment
of the question of origin as discussed later. So after making brief
mention of a few of the properties of these substances, together with
their common impurities we shall pass to a study of the members of
the hydrocarbon series most commonly found in petroleum and
natural gas.

COMPOSITION OF PETROLEUM AND NATURAL
GAS

INTRODUCTION.

Petroleum and natural gas are supposed by many laymen to be
definite chemical compounds., More exactly, however, they are
intimate mechanical mixtures of a great variety of chemical com-
pounds known as hydrocarbons with which impurities of different
kinds and in varying amounts are associated. The most common
impurities are oxygen, nitrogen and sulphur, often as gases. These
elements are usually in a state of combination either with members
of the hydrocarbon series, as CizHi1yN, C7H14S etc., but sometimes
occur as independent compounds, as H2S, SOz etc., or even in a free
state, as in sulphur in some of the oil at Beaumont, Texas.8

THE HYDROCARBONS IN PETROLEUM AND

NATURAL GAS.

Primarily hydrocarbons naturally form a number of regular
series to each of which a generalized formula has been given
according to the following scheme:

1. CnHzn +2 6. CnHzan— 8
2, CnHzn 7. CnH2n—10
3. CnHzn—2 8. CnHa2n—1i2
4. CnHa2n—y
5. CnHz2n—6 18. CnH2n—32

84 For fuller discussion, see:
Redwood, Petroleum and its Products, p, 244 et seq. }
Clark, F. W., The data of Geochemistry, Bull. U. 8. Geol. Survey No, 330,
Peckham, 8. F., History of Petroleum, Vol, X., Tenth census, United States.
85 Redwood, Petroleum and its Products,
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Members of the first eight series have been discovered and
identified in petroleum but those of the first, second and fifth are
most often present in appreciable amounts. These are respectively
known as the paraffin, the olefine and the benzine series. Clark ¥
in his Data of Geochemistry says, speaking of the first eight members

of the hydrocarbon series:

These expressions, however, have only a prellminary value, although they
are often used in ‘he classification of petroleums. Each one represents a group
of series—homologous, isomeric, or polymeric, as the case may be—and for
precise work these must be taken scparately. The first formula, for example,
represents what nre known a@ the paraffin hydrocarbons, which begin with
marsh gas, or methane, CH 4, and range at least as high as the compound
C 351 72. Even these are again subdivided into a number of isomeric series—
‘he primary, sccondary, and tertiary paraffins—which, with equal percentags
composition, differ in physlcal properties by virtue of differences of atomie
arrangement within the molecules. Inch member of the series differs from the
preceding member by the addition of the group CH 2, and also by the physical
characteristics of greater condeunsation. Methane, CH 4, for example, is gaseous;
the middle members of the series are liquids, with regularly increasing boiling
points; the higher members are solids, llke ordinary paraffin.

PARAFINS IN PETROLEUM AND NATURAL GAS

" The paraffin series of hydrocarbons is especially characteristic
of Pennsylvania petroleum, from which many members of the series
have been separated and identified.

Paraffins from Pennsylvania Petrolcum,

Melting Boiling
Name, Formula. point. point.
1. Gaseous: °C °C
Methane ..ovivireeiiirsennriarennrsoons CH, -186 -164
Ethane .....coeeiniiiruiinerernarenvses Ce He~ -172.1 - 84.1
Propane ...vieeerereereensrorssnsasssas CsHsg  ...... - 37
BULANE vverereneererrecnsorerarsnanses CiHio  civnns + 1
2. Liquid: .
Pentiine ....vviinerrriirrneronsnscesosss (0% § 17 N 37
JICXANG vt eeienreornnnrasersacansosnns Cn }{" ...... 69
FIOPLANE .. vivrurnerrnniirieriniiaananes Ci:Hyg  oeeen . 98
OCLANE v vttt ittt ssrosssssssssrasanss CQ lrm ...... 125
Nonane ......... Cesriceereaa s veee CpHoo - 61 150
IIECANE v vvrrerrarserooocngonneansasnns . CioHze - 31 173
TENAECANE ..ivvvrsnssoornorsrrssasnssses CuHa - 26 195
DOARCANE v vviinertnneresiorscnssnosse Ci2Hoas - 12 214
Tridecane .....v.vveivernorasrieesoranns CigHag  vvveee viiies
TetradeCane ..ovcvverorioseenerssoss veer CiHno + 4 252
PentadeCane ...eeiervervorronsonassanes CyHas  veveer eeenas
HexXAdeCANE +ivevvrertvrernseiassarsss 10Hae 18 ...
3. Solia:
OCtodeCane .....oiveerrenevrcercoensnes CiHug  veveen  avanes
TRISORMANE  vevrverrrvnrsnrioraasonsnnans CopFlig 3T e
MTHICOSANEG vvereareroroansarrsrosrostonnse ConHyg 48 .
TetTOACOSANEG ..vvvirevrotrnoaoroannssass CaHeo 50- 61 ......
PenlaCo3ine ..cceerareioererersisssanes CosHre B3- 64 ...
JTOXACOSANE . .vverviorarrotnsetvanstnne Conllsy Bb- 56 ...,
OCtOCOSANE vvvvvverarraccnronns vevesss Cacllrg 60 ceeen
NONOCOSHTNG . ievarverserniiiosarsrsnes Coollag 62- 63 ...
ITentrincontane .....vvveerrececcorneans Cutlas 66  ......
Dotrincontane .....ceeeraeriociiiiosies Caallng 67- 68  ......
Totratriacontane ...cvevereiiiiiiiriaes CaH:o T1-12 oo
Pentatriacontane ... oo CanHas % ...

To the ahove Redwoods? adds the isomeric secondary paraffins:
isobutane, isopentane, isohexane, isoheptane, isooctane, and the solid
paraffins, C271156 and Czols2.

86 Clark, F. W., Data of Geochemistry, Bull. U. S. Geol. Survey, No.

1908, p. 619,
87 Redwand, Petroleum and its Products, p. 229.
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Natural gas is composed almost entirely of the gaseous paraffins,
but usually contzins very subordinate amounts of impurities, such
as olefine gases, carbon-dioxide, oxygen, nitrogen, helium and often
hydrogen sulphide. Ir six samples of West Virginia gas, analyzed
by C. D. Howard$® in 1904, there was an average of 95.02 per cent of
paraffin gas of which 81.75 per cent was methane while the gases of
the heavier hydrocarbons (olefine etc.) averaged only 0.25 per cent.

The following table compiled' by F. W. Clark® gives a more
general notion' of the composition of natural gas. (The parentheses
are the author’s.)

Analyses of Natural Gas.

A, From Creighton, Pennsylvania,
B. From Pittsburg, Pennsylvania,
C. From Baden, Pennsylvanla,
D. From Vancouver, British Columbia,
B, Mean of four Indlana and three Ohlo gases.
F. From Osawatomie, Kansas,
| A, B. ]'C. ] D. | E | F
CHy (methane) ..,.....veeeevsveees|oncasoss wveenere]ornnraes]orsesses] 93.36 | 87.68
Parafinst (CnHen+g) .....oc0ve...| 96.86 | 98.90 [ 87.27 | 93.66 [sevvnse|ieeeses
C,Hy, ete, (olefine gases) ..... R O R veverfirenanes .28 2
[0 o O T .63 1.32
CO3 tivnieneronnunrrrosnssseronnnnes 3.64 .40 .41 .14 .25 .22
Hy sovinveeennens tieesseerssresssss] TIONO none none none 1.76 | none
Ni titeietierrssesnssasssssessoesss] none .70 12.32 6.30 8.28 .60
HsS ivvevvreevireonincenes esevesess| nome none none none A8 Leeeens
O3 teveveiisiressssnssssassssssnsss| NONE | none none none . trace
| 100.00¢| 100.060 | 100.00 | 100.00 | 99.93 | 100.00

1 Largely methane,

Besides the constituents of natural gas ordinarily reported Cady
and McFarland® of Kansas have reported helium from a large number
of gases from various parts of the United States. The following table
represents the average composition of thirty-seven gases from Kansas,
Oklahoma and Missouri, and seven from other parts of the country.

88 West Virginie, Geol. S8urvey Report, Vol 1 (a), p. BG6.
89 Clark, F. W., Data of Geochemistry, Bull. U.( S. (geol. Survey No, 330, p. 621,
» 2?;) Cady and McFarland, University Geol. Survey of Xansas, Vol. IX., 1909,
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CHAPTER IX.

THEORIES OF ORIGIN.*
INTRODUCTION

As a consequence of the great economic importance which
petroleum and natural gas attained a little more than a quarter of a
century ago, and have held ever since, the question of their origin®
is an ever recurring one. It seems therefore that a review of the
most important theories of origin would be interesting.

Even as early as 1804 Humboldt propounded the hypothesis that
oil was distilled by volcanic action from the strata at great depths;
but whether he considered that it was distilled from organic remains,
or that it was the result of inorganic reaction, is not stated.
Reichenbach writing thirty years later advanced the theory that it is
formed by the action of subterranean heat on the turpentine of the
pine trees. These theories, it seems, received little or no support.

In 1886, Berthelot, the noted French chemist, advanced a theory
to account for the origin of petroleum and natural gas by means of
inorganic chemical reactions. About the same time, T. Sterry Hunt,
of Canada, and J. S. Newberry, advanced the theory that the natural
hydrocarbons were formed from organic matter stored in the rocks
at the time of their deposition. This gave two theories of origin,
namely: the organic and the inorganic which, with some modifications,
still obtain.

INORGANIC THEORIES

The inorganic theories have been divided to two classes: the
chemical and volcanic. The volcanic theory is only one phase of
the chemical theories, but since its author, Eugene Coste, proposes
it as an independent mode of origin it will be stated as such, but
discussed with the other inorganic theories. )

Let us now make a brief study of the laboratory observations
on which the inorganic theories are based..

95 Quite a complete discussion of the theories of origin are to be found in:
Orton, E. Sr,, Occurrence of Petroleum, natural gas and asphalt rock in
west Kentucky, Kentucky Geol. Survey, 1901, pp. 27-61.
Orton, E. Sr., Eighth Ann, Rept. U. 8. Geol. Survey, ot. 2, pp. 488-506.
Redwod, Sir Boverton, Petroleum and its Products, 1904, pp. 261-261.
Peckham, F. 8., Tenth Census U. 8., Vol. X., pp. 59-T4.
Motissan, The electric furnace, 1904, pp. 260-264.
Clark, F. W., Data of Geochemistry, Bull, U, 8. Geol. Survey, No. 330, 1908.
86 Prof, Orton, in Petroleum, Natural Gas and Asphalt Rock in West Kentucky,
Ky. Geol. Survey, has shown that petroleum {8, beyond reasonable doubt the
original source of natural gas and solid bitumens; xo in this discussion the origin
of petroleum will Include gas and solid bitumen.
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CHEMICAL THEORIES.
DATA FOR CHEMICAL THEORIES

It has been shown that when cast iron is dissolved in acid

hydrogen is evolved. There are present, however, impurities which
were early recognized as being akin to hydrocarbons, and H. Hahn,
in 1864, attempted their identification. He separated .them by
fractional distillation and collected the gas in bromine. In this way
he found organic bromides of the general formula, CnH2nBrz, in
which the olefine hydrocarbons were present from C2H4 to C7H14.
By treating spiegeleisen in the same manner Hahn obtained olefines
up to Ci6H3z2. S. Closz! conducted a series of experiments from
1874 to 1878 by allowing either hydrochloric or sulphuric acid to act
on large quantities of spiegleisen: be collected the hydrogen ' vapor
by direct condensation and as bromides, then separated them by
fractional distillation and identified the distillates. In this way Closz,
obtained the olefine, C8H16 and the bromo-olefines, CyH13Brz and
seven paraffins, CioH22 up to C16H34.
. Moissan, in his experiments with the electric furnace has made
and investigated nearly or quite a score of carbides,? together with
hydrocarbons obtained by treating the carbides obtained with
different reagents. For the purposes of this paper it is necessary
to consider only those hydrocarbons produced by the action of water
on the carbides, because water is the reagent most likely to come into
contact with metallic carbides if they exist within the earth.

By inspection of Moissan’s results we find that:

(1) The carbides of lithium, sodium, potassium, calcium,
strontium and barium, treated with water; yield acetylene, C2Hz.

(2) The carbides of aluminium and glucinum yield principally
methane, CHy4.

(3) The carbide of manganese yields a mixture of methane
and hydrogen.

(4) The carbides of yttrium, lanthanum, cerium, thorium and
uranium yield mixtures of acetylene, methane, ethylene, and hydrogen.
The cerium, lanthanum and uranium . compounds also yield some
liquid and solid hydrocarbons. From four kilograms of uranium

carbide Moissan obtained one hundred grams of liquid hydrocarbons,,

consisting largely of olefines, with some members of the acetylene
series and some saturated, that is paraffin, compounds.

The above proves beyond any doubt that hydrocarbon compounds,
such as are found in the petroleum series, can be produced by the
reaction of water on carbides of both metals and alkalies. 1f
LaPlace’s nebular hypothesis of earth origin is the correct one, then
arbides, silicides, nitrides, etc., would be among the first compounds

Zgg Closz, 8., Compt. Rend. Vol. LXXVIIL, p. 1003, 1877: Vol. LXXXVI,, 1878,
2 Mofssan, The electric furnace, Lehrier's trans, p. 200 et seq. '



118 OKLAHOMA GEOLOGICAL SURVEY.

formed, and oxidation could not take place until later. If these com;
pounds were formed, some of them may have existed in the rocks
for long geologic times and may still exist at great depths and if

encountered by water, hydrocarbons would inevitably result. The

theories are possible, but can they be proved, or can it be shown
that any considerable amount of the world’s petroleum has beyond
reasonable doubt, been formed in that manner?

VOLCANIC THEORY.
STATEMENT OF THE VOLCANIC THEORY

The volcanic theoy, as stated by Coste assumes that all
petroleum and natural gas, except escaping marsh gas, are formed by
the entrapping of volcanic or magmatic emanations from abysal
jgneous masses. It seems that he assumes that these masses are
continually exerting a great upward pressure on the overlying
sediments and that the emanating gases possess the power to penetrate
the earth crust for an indefinite distance, through all kinds of strats,
and with sufficient force to dome up areas, as at Beaumont, Texas,
and Sour Lake and Jennings, Louisiana, anc_i.m-alfe. for themselves
reservoirs. 1t appears that he believes volcanic activity to be due to
the beaking out of gaseous emanations, which if held in, wpuld have
formed petroleum and natural gas fields. He also attributes the
impurities, as sulphur, nitrogen, carbon dioxide, etc., to volcanit
origin, as well as much of the saltiness of the waters encou.ntered, and
the gypsiferous character of the calcareous rocks occasionally met

with in these fields.
STATEMENT OF THE CHEMICAL THEORIES

There have been a large number of theories proposed to account
for the inorganic origin of petroleum and natural gas, but thost
which have received the greatest support were suggested by Berthelot,
Mendeljieff, ‘Moissan, and Sakoloff: while a hypothesis proposed
by O. C. . Ross in 1891 deserves mention, because of its uniqueness.

BERTHELOT'S THEORY,

As was stated in the beginning of the chapter, the first of Ehe
chemical theories was proposed by the eminent French ,cheml'st.
Berthelot, in 1866. Many writers have, at different times ;made brief
statements of this theory but the best discussion at hand is that b
Edward Orton,?® which is as follows:

He (Berthelot) supposed the alkall metals, namely: potassium and sodium
to exlist (in the InZerloxP of the earth in & free {mcombined state, and, unecessuly
at high temperatures. If, now, water, carrying in solution carbonic acld—anl
the crust of the earth abounds in both—should fiud access to thege metala

98 Orton, Edward, Petroleum, natural gas and asphalt rock, XKy, Ged
Survey, 1891,
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he pnointed out the steps of the chemical action that must take place, and that
would result in a serins of hyrocarbon compounds. In this case the proceas of oll
and gas formaifon would be deep seated and continuous, the reactions that give
irth to them being constantly renewed In the recesses of the earth.

MENDELJIEFF'S THEORY,

The next in importance among the chemical theories is the one
proposed by D. Mendeljieff, 2 Russian chemist of high repute. The
theory is substantially as follows: Ie assumes that since the center
of the earth is much more dense than the outer shell, it must consist
of metals. And the facts that iron carbide is found in meteorites and
iron is known to exist in the solar system (the latter as shown by the
spectroscope) and that basalts and some other eruptive rocks contain
relatively high per cents of iron, were, in his opinion, powerful
,arguments in favor of his theory that the interior of the earth contains
large amounts of iron—necessarily -at high temperature and under
great pressure—either free or as carbides. It seems, however, that
Mendeljieff was of the opinion that much of the iron, as well as many
other metals, are present in the carbide state,%

MOISSAN’S THEORY.

Due to his experiments with the electric furnace%® Henry
Mois-san, a French .chemist, came to the conclusion that petroleum
is, in the main, of purely chemical origin in certain nlaces. To put
it clearly, Moissan is quoted as follows: ' :

There Are probably petroleums of different origins. At Autun, for example,
the bituminous schists appear vo have been produced by the decomposiiion of
organic matter........

.Wie have shown with calciuvm carbide, under what conditions this compound
can be burned and give ciirbon dloxide. It is probable that in the first geologlcal
periods of the earth, nearly all the carbon existed as metalllc carbldes. When
water intervened the wmetallic carbides gave hydrocarbons and the latter by
oxidation, carbon dioxide. An example of this reaction can he found in the
neighborhood of Saint-Nectaire., ‘The granites, which form in this place the
border of a Tertlary basin, continually give off large quantities of carbon
dloxide gas.

We believe also that certain volcanic phenomena can be attrlbuted to the
action of water on the eawily decomposable metallic carbldes. Geologists know
that the Inst manifestation of a volcanic center consists of the emanatjons of
the various hydrocarbons becoming asphalt and petroleum and finally, as a
complete oxidation product, carbon dloxide.

A movement of the crust produced by the action of water on the metadic
carbides can produce a violent evolution of gases: at the time the temperature
is raised the phenomenon of polymerization of the carbldes intervenes to furnish
an entire series of complex products.

Hydrocarbons can then be produced at first,
appears and complicates the reatcions. In certaln places a volcanle figssure acta
as a powerful vent. It is known that the nature of the gas collected from
fumaroles varies if the volcano Is submerged in the ocean or sunrrounded by
atmospheric air. At Santorin, for exnmple, Fouque’ collected free hydrogen In the
Hlouths of submarine volcanoes; while only water vapor I8 formed in aerial

ssures, .

These carbides exist at high temperatures and probably exist in the depths
of the earth, In which case thelr decomposition would explain the formation of
solid, lquid, and gaseous hydrocarbons, and possibly the cause of some
+yolcanic eruptions.

The phenomenon of oxidatlion

99 Orton, Edward, Petroleum, natural gas and asphalt rock, Ky. Geol,
Survey, 1891, p. 82.
100 Molssan, The electric furnace, Lehners translation, pp. 260-264 in part,
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SOKOLOFF’'S THEORY. o 4 that al
; O e

N. V. Sokoloff, a Russian gegloglst, in 1890 arg that
bitumens are of cosmic origin: that is that they were .fox.'med mxt}all)I
during the consolidation of the earth, and enclosed within the prima
magma, from which they have since been transferred to the outer

layers where they appear as petroleum, natural gas, etc.

' ROSS’ THEORY. o o
The inorganic theory proposed by O. C. D. Ross,™ as state

Redwood,192 is as follows: »
by At dthe me’etlng of the Britlsh Associatlon in 1891 O. C. D. Rose advanced,

oleanic gases upon
a theory that petroleum Is a product of the action \?étign A hott, that

1 ounded his theory on the obser Ihat
:iilrlrllersltg'ne;ﬁsﬂgee::\ar;gtatlned in lahoratory experiments bg dtxl}oegeﬁc):tlggd oef-ss?x g
th phOt e e (sulphtglous aclguggdb(s)lt:}llphﬁg?itézg a};ld paraffins, with “i:

1d further pro ! oha
ggg;r:t‘;gg z(tmg{:ln;xvgxl'l and a couversion of the calclum carbonate of

psum, . . .
e g’ir‘:'r’lis hypothesis will receive no further mention, because 1t was

en experimentally. _ _ ) .
ot péﬁZﬁnaiz the sl,)tatements ):)f the various inorganic theorlesf VIE;EZ
have received récognition anq comment. Of the auth?rs ove t};e
theories, Berthelot, Medelhiefi, and Mapxssa.n atter(rllpg 0 g}:‘;r oohe
formation of hydrocarbons in thte deeﬁ{lmé%llcgtisgnanda(s:eo their cov

i n laboratory experiments; while s
:lllzs;)rlésse?lce of hydrgcarbons within the earth, and at'temllat :g acct?ltérsxz
for their transmission to, or near to the surface. Obv1oushy en', these
so-called theories are only different phases of the s-am(e1 t emgr,1 ater
many respects have similar objections, which will be advanced later.

DISCUSSION OF INO RGANIC THEORIES

If petroleum is of inorganic nrigin as proposed by any of the

' ies, then it seems to follow:
abov%;tl)leo’rll_;sat t?:a great oil fields of the world should be }ocated
in or very near regions of great magmatic intrusions and vu-lcamsm.k .
(2) That the decadent stages of \igécgpoes should be marke
duction of petroleum and solid bitumens.
b e Eg 3r ;at ’Il)‘;(;tu:ﬁl volcangl)c pipes and craters should be notable sources,
upply of the solid hydrocarboris.
of suaf)y (Zl‘hat all -greyat fault lines should be notable sources o}fl
supply of hydrocarbons regardless of whether the fault is throug
itumi trata or pure crystallines, ) .
b‘tunz?)ovus'l‘shz ?h?a pgases l’}éscaping from active volcanoes should
contain a relatively high per cent of the natural hyfiroqa-rbons.
(6) - That all limestones subjacent to oil fields shou'ld be
gypsiferous, at least in the immediate region of the p§tr'oleum field.
(7) That pegmatite dikes should always contain appreciable

amounts of bitumen.

sor itish Assoclation. 1891, p. 639.
ig; gzggféﬁf g{rtgoverton, Petroleum and its Products, Vol, I, p. 263.
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(8) That the passage of water to the depths of intense heat,
at least 300° C., should be a common phenomenon,

It has already been shown in this report under “Distribution
as Related to Physical Features,” that the world’s great oil fitlds
are well removed from regions of plutonic activity. Even on the
island of Java the producing regions are as far removed from
volcanoes as possible, and the petroleum in the strata near the center
of atcivity has been destroyed by—rather than formed by—the
proximity of magmatic rocks and internal heat. '

In past years the famous “pitch lake” of Trinidad has been
cited as an example of bitumen formed in the decadent stages of
volcanic activity and has doubtless lent great strength to the
inorganic theories in the minds of many of their supporters. Clifford
Richardson,193 however, has shown that the lake occupies the crater
of an old mud volcano, and none of the true volcanoes of the world -
are reported as haviiig at any time presented such a phenonienon.

Clark!® in his Data of Geochemistry, states that the “pitch”
at Trinidad is an emulsion of water, gas and bitumen with some other,
organic substances and mineral matter; thus He seems to think that
the bitumen is organic in its origin. According to Redwood!%% it has
been shown that the raw Trinidad bitumen consists of 33 per cent fine
clay and vegetable matter, and 33 per cent water, but he do€s not say
of what the remainder is composed. He further states that Wal|108
has reported that strata, which were originally shales rich in vegetable
matter, contain bitumen in situ at some distance from the lake. Wall
also states that the plant remains have undergore “a special mineral-
ization, producing a bituminous matter instead of coal or lignite.”
This operation he says, is not attributable to heat, and also mentions
that pieces of partly bituminized wood come from the same region,
The island is composed of sedimentary rocks rich in oil and gas, as

Is seen from the following extract from a writer in that region:
Deposits of asphaltic plt’h, and strong discharges of gas and oll occur
the southeast corner of the island, where the upper Mliocene rocks occupy most
the surface, the lower part, of the serles, which iz the richer in these
pydrocarbons, being visible only on parts of the anticlinal axes.

However, in 1897 Peckham!9? studied the occurrence of plant
remains within the Trinidad “pitch” and determined it to be exactly
the same as that in the lignite bed near the lake, thus making it seem
phat Wall was mistaken in his former conclusions. The fact, however,

¢mains that there are no indications that Trinidad is a true volcanic
fand and fronr all obtainable data it seems that the rocks of the,
egion are all fossiliferous sediments which are uniformly rich in

— .
" 103 Richardson, Clifford, Jour. Sel. Chem. Ind,, Vol. 17, 1898, p. 13; and Rept.
pector of Cement, Washington, D. C., 1892. :

' lel Célzagk. F, W., Dats of Geochemistry, etc,, Bull. U. 8. Geol, Survey No, 330,

, D. .
";gg Redwood, Sir Boverton, Petroleum and {ts Produets, Vol. I, pp. 97 and

i IOG'Redwood, Sir Boverton, Petroleum and its Products, p. 186,
107 Peckham, Proceedings American Philosophical Soctety, Vol, 36, 1897, p. 105,
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bituminous natter. Because the bitumen is associated with saline
thermal waters and solfaturic gases, does not imply a genetic relation.
Since the strata in other parts of the island are also tich i heavy
petroleum, it seems rather to point to the fact that the hot waters,
which may be heated by a deep seated mabs of magma, or by chemical
reaction, act as agents of transportation by rinsing the petroleum and
asphalt from the strata in which they were formed and bringing them
to the surface in quantities. . .

So far as data at hand shows, asphalt and other solid bitumens
are not found in merchantable quantities around old volcanic pipes
and craters, but more often occur along limited fault planeso® which
have cut through petroleum deposits. The best examples of these
phenomena the writer has examined are the rock asphalt deposits of
Oklahoma, where the wall rocks are saturated with bitumen for several
feet on either side of some of the faults while other occurrences are
plainly the result of exposure, by erosion, of oil bearing strata. The
same conditions obtain in the rock asphalt deposits of other states.1®
The asphaltites invariably occur as vein filling deposits in sedimentary
rocks and so situated that the vein material is easily referable either
to the petroliferous country rock or to a nearby known petroleum
bearing horizon. No commercial supply is kmown to occur in
igneous or metamorphic rocks. The faults along which rock asphalt
and asphaltites occur are few when compared with the total number
in the world, and are therefore the exceptions. Whereas if the natural
hydrocarbons originated by either the volcanic or carbide process,
or the two combined, all of the older extensible faults should be
caches for asphaltites, late= ones should contain some asphaltite and
have an abundance of associated rock asphalt, while the youngest large
faults should be notable vents for limitless amounts of liquid and
gaseous hydrocarbons (still in the process of forming within the
sub-sedimentary igneous laboratory) regardless of whether they cut
crystalline or sedimentary rocks. The facts are, however, that large
amounts of asphalt, petroleum or natural gas do not occur save i
sedimentary rocks. Then too, when petroliferous strata adjacent to
asphaltite veins have been explored by the drill their petroleum and
gas content is found to have been depleted for hundreds of feet on
either side of the vein11® whereas if the strata had received" their
petroleum through the fissure vein the petroliferous content should
increase on approaching the vein.

If the natural hydrocarbons are of volcanic origin the gases
escaping from active volcanoes and their fumaroles should, beyond

108 See Part I. of thls report.

109 Eldridge, Geo. H., Asphalt and bituminous rock deposits of the U. 8|
Twenty-second Ann. Rept. U. S. Geol. Survey pt. 1, 1901, pp. 219 et seq.
¢ 111(;3«(3)1;1rldgzes.7 Geo. H., West Virginia grahamite: Twenty-second Anu, Rept
pt. 1, » Do f . ‘
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doubt, contain such high per cents of those gases that there could be
no possibility of their arising from destructive distillation of
bituminous strata adjacent to the pipe.’

Many careful analyses of volcanic emanations have been made
from time to time. These are, however, as a rule poor in hydrocarbon
gases as is shown from the following analyses taken from Clark’s
Data of Geochemistry 11t

Analyses of Gases from Vulcano.

A. Gas from the crater {ssuing at a. temperature above the meltin int of
lead, This fumarole deposits bori 1d. was '8 ven
which emitted flome: DO c acld. The gas collected from a vent

A gas similar to the foregoing, but not accompanied by boric ncid,

C. SGulphfurou-s fuma.llioleﬂrﬁo? t};e north flank ¢f Vulcano,

. as from a cavity ed with hot water, o - 1te,’ ’
sltuated C:xea,rf the seashore. - . known as “Aqua-Bollenite,” and

J a3 from depressiong still farther from the crater, coll
having a temperature of 25° C, ! eoted oyer water

B T C T D

., | .
none none ° 6.4 86.0
27.50 69.6 Juveeseseoofroscreanes
'14.02 . N none
58.48 24.9 9.8 14.0
100.00 100.00 100.00 | - 100.00

Analyses of Volcanic Gas from Santorin.

A. Gas taxen May 4, 1886, from bottom of a fissure on Nea Kameni,
Collected over sulphurous water, at temperature 56°. ’
B. Collected May 12, 1866, at the foot of the cone Glorgios, from a small

. fumarole surrounded by crystals of sulphur. Temperature 87°,

. ike B and near it, the sulphur partl 1 4
Temasralr Lo p martly crystalized and partly fused.
D. "Gas from periphery of eruptive field, March, 1867.
E. Gas collecied near the port of St. George of Nea Kamenl, March 9, 1867.

| . B | C [ D | B,
HoS soevvnnn [ RSP trace 0.42 0.90 |eovenviee]ivennnnen
CO2 vunvvnovenes sersrraseinaneren 96.37 6.88 12.24 none 56.63
O2 tiveerrssossreoravans .49 18.99 16.41 20.62 1.84
Nz tievereirereresanonses 4.14 74.711 T70.45 79.38 41.41
CHL sveeennrescsssraronessssosoas]soseesaonnfiovessascilovnoeriorefosnonooies .12
100.00 100.00 100.00 100.00 100.00

111 Clark, F. W., Data of Geochemistry, etec.,, Bull. U, 8. .
330, 1908, p. 214 et meq. » Bull. U. 8 Geol. Survey No.
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Analyses of Gases from West India Fumaroles.

‘A. From fumarole on Mont Pelee, Martinique. Gas collected by Lecroix
after the great eruption of May, 1902. Temperature about 400°, Gas at first
gaturiztteg with steam. Around thls vent, ammonium chloride and sulphur were
eposited,

B. From the fumarole du Nord, Guadeloupe,

C. From the fumarole Napolen, Guadeloupe,

Gases A and B, previous to analysls, were both saturated with water.

B. | C.
62.8 . 69.6
none fione
none none
none none
7.5 2.7
36.07 | 22.32
.73 . .68
trace none
2.7 4.6
trace trace
99.80 | 99.70

Analyses of Volcanic Gases from Santorin,

A. Gas collected on Nea Kameni, March 17, 1866, . from the surface of
sulphurous water ina fissure between Glorglos and Aphroessa, temperature 78"
Three other similar analyses are tabulated with this,

B. From the same flssure on Nea Kamenl, temperaturg 69% Collected
March 25, 1866.

C. Gas collected March 7, 1867, over mea water, near the end of a still
Incandescent lava stream,

Occyrrence similar to C, but from a different stream. Taken March 5, 1867,

A | B. C D
trace trace  fiiiiiiiiiiiirifiennennnnns e
36.42 650.41 0.22 none
29.43 16.12 56.70 1,94

.86 2.95 0 1.00
.32 .20 21.11 a24.94
32.97 30.32 21.90 72,12
100.00 100,00 100.00 100.00

Of the above tables several were chosen because of the presence
of small amounts of methane (CHjy) gas. Clark gives nine tables
of analyses of volcanic emanations, representing thirty two samples:
of these but six samples showed the presence of hydrocarbon gases—
methane in every instance. According to Coste, the author of the
volcanic theory, marsh gas (methane) does not, belong to the
petroleum series. The thirty odd analyses of true volcanic gases cited
by Clark do not show the presence of any hydrocarbon gas other
than methane and therefore, according to the champion of the volcanic
the_ory, do not contain even a trace of hydrocarbons of the petroleum
series,

Coste says that the gypsum in the Spindle Top field is
“obviously” due to the action of solfataric vapors on limestone., If
petroleum is universally formed from rising volcanic or magmatic
vapors it seems that the heavy Trenton limestone, which contains the
petroleum in the Ontario-Lime-Indiana fields and is often conspiciously
saturated with bitumens in other parts of its known occurrence, should
be gypsiferous at least at the base. And that the Boone limestone
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which occurs only a few hundred fect, at most, below the entire
Kansas-Oklahoma field should be more or less gypsiferous throughont ;
but such is not the case in either instance. According to my own
observations in the Mid-Continent fields, it is not true of the Boone
and the reports of others who have studied regions where the Boone
formation and Trenton limestones are weil exposed make no mention
of associated gypsum.

These are examples from fields where oil usually contains some
sulphur; others might be cited, but it is unnecessary. It seems
therefore that all evidence of the metamorphic action of sulphureted
gases from subterranean igneous or volcanic emanation is negative in,
the large fields, and it appears that the gypsum of Spindle Top is
more apt to have been formed in the regular process of sedimentation
than to have been metamorphosed by invading gases from below.

The absence of appreciable amounts of bituminous matter of
any sort in pegmatite dikes need only be mentioned. It is to be
remarked, however, that the hydrocarbon gases are much more
volatile than those of the other substances found in such places, but,
even though such is the case, it is not unreasonable to suppose that in
rare instances the gases would be entrapped and form some of the
commercial deposits of solid hydrocarbons, if they had their origin
in abysal magmas. o '

The Carbide theory of origin postulates water at great depths
and at high temperatures, but makes no attempt to explain the process
of its getting there. -The earth has been divided into three zones,
namely: of fracture, of fracture and flowage and of flowage. It has
been shown beyond reasonable doubt by the authors of that division
that crevices cannot exist below the intermediate zone, nor even deep
into it, for the rocks yield to the intense pressure by flowage rather
than by fracture. Thus meteoric water carrying the necessary
elements could not descend deep enough to come in contact with the
carbides which, in many instances, require the heat of an electric
furnace for their free formation and to assure stability,

SUMMARY'

We find:

(1) That the great oil fields of the world are not.located in or
fiear regions of great volcanic activity ; :

(2) That the decadent stages of volcanoes are not marked by.
the formation of petroleum and solid hydrocarbons ;

(3) That old volcanic pipes and craters are not repositories of
the solid hydrocarbons in merchantable quantities;

(4) That the occurrence of bitumen along fault lines is the
{exception rather than the rule;

(5) That the fumes from active volcanoes, in a majority of
lcases contain no trace of hydrocarbon gases;
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(6) That the limestones subjacent to the great oil fields have
not in any probability been chan ged to gypsum;

(7) ~That pegmatite dikes do not, in any reported instances,
contain notable amounts of hydrocarbon in any form;

(8) That the presence of meteoric water at depths where heat
is sufficient for the production and preservation of any considerable
amounts of the carbides is extremely doubtful.

It therefore seems beyond doubt, that commercial deposits at
least, of petroleum and natural gas are not formed from the gases
which emanate from the volcanic intrusions of abysal magmas.

ORGANIC THEORIES

We now have to deal with a set of theories of an altogether
different nature from those previously discussed. The chemical
theories, as we have shown, do not attempt to account for petroleum
within the kind of formations where it is actually found, that is, ‘n,
of supply, thus calling forth some of the most mooted questions of
sedimentary rocks, but go down to the deep interior for their source
cosmology as well as putting the ultimate origin of petroleum so deep
into the earth that it is unreasonable to expect it to come near the
surface except in regions which have suffered profound distortion or
vulcanism. _

The organic theories, on the other hand, without exception
assign the ultimate source of petroleum to materials imbedded within
or near the present containing formations during their deposition
thus putting the very beginnings of that substance at least approx-
imately within the region where it is now found. Obviously, then,
the champions of the organic theories have the vantage from the
beginning, for they are not called upon to account for the transporta-
tion of petroleum through thousands of feet of unmetamorphosed
sediments to its present reservoir, nor are they confronted by the
questions of earth origin or the present or past conditions of its
interior mass and outer shell, all of which are of great importance
to the inorganic theorist. The organic theorists have, so to speak,
taken the “shortest cut from raw material to finished product.” They
have attempted to account for. the presence of petroleum by the
easiest possible process, and this, it will be remembered, is nature’s
invariable habit; she always works along lines of least resistance and
performs her task in the simplest way.

While the advocates of nrganic origin are at one as to the ultimate
source of supply of petroleum, that is, that it is organic, there is a
difference of opinion concerning the processes by which the
organisms are transformed from organic tissue to oil. This difference
has divided the theorists into two schools: (1) those who believe
that the hydrocarbons are due to primary decomposition of entombed
substances, the oil in consequence being formed substantially where
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it is now found; and (2) those who believe that petroleum was
distilled from organic matter which had suffered partial transforma-.
tion into hydrocarbon.compounds. After the petroleum was distilled
off the l:g.tter school maintains that it was forced, by hydrostatic
pressure, into overlying porous strata which serve as reservoir rocks
and in which it is found.

For convenience in discussion, the two views have been called,
tl.le"chepry of indigenous origin, that is origin in places, and the
distillation theory. It must be borne in mind, however, that no one
ever has held unreservedly to. the idea that petroleum is strictly
inCigenous, that is, formed entirely within the rocks where it is found.

We ‘will now make a short study of the laboratory experiments
relating to organic origin and then examine the theories themselves
together with the field observation for, and against each, ’

DATA FOR ORGANIC THEORIES.

It has long been known that hydrocarbons and nitrogenous bases,
more closely resembling those found in petroleum than the ones
'p.roc_luced by incrganic reactions, can be formed by the destructive
distillation of organic tissue, either animal or vegetable, under
conditions which preclude the free access of air. The first to attempt
to produce artificial petroleum in this way were Warren and Storer!
in 1865. They prepared a lime soap of menhaden (fish) oil and
subjected it to destructive distillation and obtained a mixture of
hydrocarbons hardly distinguishable from oil produced by the
destructive distillation of.coal or bitumnous shale. From the distillate
thus obtained they separated and identified pentane, hexane, heptane,
and octane pf the paraffin, or CaH2n+2 series; of the olefines, or
CnH2n series, amylene, hexylene, heptylene, octylene, nonylene,
‘decylen'e, undecylene, and duodecylene; and of the benzine or
aromatic, CnH2n—6, group, tolomene, xylene, and isocumene. Thus
they had prepared a true petroleum, a thing which according to the
best obtainable data, never has been done by inorganic laboratory,
processes. ‘

Thirteen years later the researches of C. Engler!12 were published.
He suhjected unsaponified menhaden oil to destructive distillation,
320° tn 400°, under a pressure of ten atmospheres and obtained
a distillate, closely resembling petroleum, which was found to contain
the paraffins, C5Hiz2, C6Hi4, and C7H16. Later he reported normal
octane and nonane and secondary hexane, heptane, and octane,'
pm)bably from the same experiment, but the data are not clear,
Englex:m and Lehmann in another experiment, obtained, besides
paraffin, the olefines from C6X12 to CoHi8 and some derivatives

1 Mem. Amer. Acad, (2) Serfes, Vol. IX,, 1885, p. 117,

11v2 Ber, Deutsch, Chem, Gesel. Vol. 21 1916
113 Ber, Deutsch, Chem. Gesel. Vol. 30, 1897, p. 2365,
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of the benzine series, thus confirming the work of Warren and Storer.
The differerce in results may have been due, in part af least, to the
fact that the latter used pure oil while the former removed the
glyceroids by making the oil into a soap.

In 1899 W. C. Day!* formed substances resembling gilsonite
by distilling a mixture of fresh herring oil and pine wood to carbon-
ization and redistilling the distillate. On subjecting the oil alone
to the same treatment a substance more like elaterite was formed,
The wood alone under like treatment gave a similar oil and a similar
residue. Both of.these artificial material contained some nitrogen.
Thus artificial asphalts strongly resembling the natural product were
formed. :

Vegetable oils also yield similar products.  Sadtler!!® has
proven it for linseed oil; Englerl16 has formed them from colza and’
olive oils, and J. Marcusson!!? has formed gas and oil that completely
resembled lubricating petroleum from oleic acid.

These are a few of an indefinitely long list of similar experiments
which have invariably shown the same results, In short, then, it
may be said that of those who attempted to form petroleum by
artificial means, those who used organic substances have more nearly,
succeeded than those who have relied on inorganic chemical reactions.
None have succeeded as well as is wished, due doubtless, to the fact
that an exact reproductiou of nature’s laboratory and environments is

impossible,

INDIGENOUS NRIGIN.

The opinion that petroleum now occupies the rocks in which
it was first formed, that. is, is of indigenous origin, has been
maintained with great vigor by T. Sterry Hunt an early day geologist
of Canada and J. P. Lesley, who made pioneer observations in the
Kentucky and West Virginia fields. Hunt's observations were, it
seems, confined to a region where the oil was most abundant in very,
fossiliferous limestone, the casts of fossils often being filled with oil;

hence he concludes :118

The facts observed iIn this locality appear to show that petroleum, or the
substance which has given rise to it, was deposited in the beds.in which ith
now found at the formation of the rock. We may suppose in these oil bearing
beds an accumulation of organic matters, whose, decomposition in the midst
of a marine calcareous deposits has resulted in their complete transformation
{nto petroleum, which has found a lodgment in the ecavities of shells and_coral
immediately near. Ttg absence from the unfilled cells of corals in the adjacent
and interstratified beds forbids the idea of the introduction of the oil into thes
strata either by dlatillation or inflltration. The same observations apply to the
petroleum of the Trenton limestone, and if it shall hereafter.be shown that the
source of petroleum (as distinguished from asphalt) in other regions is to bt
found in marine fossiliferous limestones a step will have been made towand
a knowledge of the chemical conditions necessary to its formation, |

114 Am, Chem, Jour. Vol, 12, P 478.
115 Proc. Am. Philes. Soc. Vol. 36, p. 93,

116 Engler, C., Congress. International du petrole, Paris, 1900, p. 20.
117 Chem. Zeltung. Vol. 30, 1906, p. 789. .

118 Am, Jour. Sci. Vol. 39, p. 169.
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It is to be remembered that the origin of petroleum has never
been _d;lstmgulshed from asphalt;i1® contrarily it has been shown that
the latter is a residuum of the former, as was stated earlier in this
paper. .

‘About the same date as the article cited above Hunt wrote in
support of his opinion:

That the great orthoceratite fossils of the Trenton llmestone are oft filled
with petroleum; that concretlons of the Marcellus and Genesee slates frgguenﬁy
contain 1t, while petroleum formed, he belleves, in the Corniferous limestone

below Impregnates the overlyin Devonla;
D vt ying nian sandstones of New York and

And again he writes some years later :120

In opposition t
?;igtijr;at;jgmren az:.]dslgwtg?sdt?%ggfvsglydlsrteifg&gg gfiegl,e vtv){la'gt ;;rpo%%iel:tsmbeelo(glghfg
e orracd. in thgpl})rsllesto; :e og:looé. the Devonian, 1 have maintained it exists, .

~ In these statements Hunt obviously has recognized the possibility
of the transfer of petroleum from its place of original formation to
other horizons, but still insists that it must come from ‘“marine
calcareous deposite” as he believed at the time of writing the earlier
paper to which reference was made. Nor does it seem that he ever

- admitted the possibility of oil coming from any sources other than

limestone, as is seen from a paper!?! written on the occurrence of
petroleum at Chicago in the middle of the Niagara formation, which
contained about 4.25 per cent of oi!. He says:
‘With such sources existing ready formed in the earth’s crust. it 5 t
:31 :at.‘,; t;x‘:aml)%%:t,i rr:ghggsglph-iica}i tt(,) search elsewhere for the ox'léln ;?e;::z:ro(l)e:;ev:
b erive

T RD0%e (o Substances. y some unexplaln‘ed process from rocks whioh
N hStategi briefly then, Hunt’s theory is that petroleum is formed
by the primary 'd‘ecomposmon of organic tissues; and because there
is generally in limestones more abundant evidence of former life, he
urges that these rocks must be the source of the greatest part of

.petroleum.- When the oil is found in the limestone associated with

fossi»ls,'he maintains that it is still where it was formed, but if it is
found/in any other kind of ‘rock he thinks it must have originated in
the limestones below and has been transported to its prcsenbt site. It
appears, therefore that he must have believed 2l petroleum to have
been produced from animal remains for the limestones are necessarily
without notable vegetable content.

Lesley, who also believed in indigenous origin was of the opinion
tha_t‘petmleum was formed from both plant and animal remains, In
writing of petroleum in eastern Kentucky he refers it to the great
conglomerate at the base of the Coal Measures. He says:122 '

119 Am, Jour. Secl. 2d ser. Vol. 353, p, 157
120 Am, Jour. Sei, 2 ser. Vol. 46, p. 361,
121 Idem. Vol. 3, p. 420, ol 46, p. 361.
122 Proc. Am, Philos. 8oc. Vol. X.. pp. 43-44.
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A conglomerste age, or hovizon of petroleum, exists, This is the main point
tc be stated, and must be kept in view apart from all other ages or horizons
of oil, whether later or earlier in order of geological time. The rock fitself is
full of the remains of coal plants, from the decomposition of which the oll
geems to have been made........ For hundreds - of square miles this vast'
stratum of anclent sea sand {s a thick packed herbarium of Coal-measures
plants........ We can easily conceive of the wide, flat, sandy shores of the coal
{slands of the anclent archipelago of the coal era becoming completely charged
with the decomposed and decomposable reliquiae of both the plants of the land
and the animals of the sea.

In others of his papers, Lesley sets forth his views on the
indigenous origin of Pennsylvania petroleum with considerable assur-
ance; but some of his latest writings show that his opinions became
somewhat modified but just in what manner it is hard to say. This
change of viewpoint is evident from the following :123

The origin of petroleum is still an unsolved problem. That it i{s in some
way connected with the vastly abundant accumulations of Paleozolc sea-weeds,
the marks of which are so Infinitely numerous in the rocks, and with the
infinitude of coralold sea animals, the skeletons of which make up a large
part of the limestone formations which lie severa lthousand feet beneath the
Venango oll gsand group, scarcely admits of dispute, but the exact process of Its
manufacture, of Ita transfer, and of Its storage In the gravel beds i3 utterly
unknown. That it ascended rather than descended into them seems indicated
by the fact that the lowest sands hold oil, when those above it do not, and
that upper sands hold oll when they extend beyond or overhead the lower.

Of the more recent writers, Whitel?4 is of the opinion that in
some parts of the Pennsylvania field, for example the third oil sand
of Venango County, had its origin in the formation where it is found.
He bases his opinion on the great abundance of plant remains found in
the formation at its outcrop. :

Robert T.. Hill says that the petroleum so widely disseminated
through the shales of the Tertiary of Texas is to be considered,
in his opinion, as due to the great abundance of organic matter
deposited with them,

H. Hoefer of Europe, considers the petroleum of Shropshire
as found in the strata where it originated, and Wall}25 has shown that
Trinidad oil and asphalt are indigenous.

Other authors might be cited, for they are a long list. We shall
now turn to the distillation theory.

DISTILLATION THEORY..

The second of the main theories noted above, namely: that
petroleum and natural gas are the produce of secondary rather than
primary decomposition of organic matter in the rocks, or in other
words, that they are slowly and continuously distilled from the
hydrocarbons contained in the carbonaceous strata, is far more
generally accepted than the theory so ardently championed by Hunt.
One of the tenets of this doctrine has always been that petroleum and
gas are formed simultaneously and forced, by hydrostatic pressure or
otherwise, into the strata above or out upon the surface where they

123 Rep. III,, 2d. Geol. Survey, Penn. p. 16,
124 White, 1. C,, 2d. Geol. Survey of Pa. Rept. of Progress, p. 239,
126 Quar. Jour. Geol, Soc, XVI,, p. 467.
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‘would become dissipated, if impervious strata were not encountered
to prevent them. This idea of the transfer of petroleum doubtless
gave greater currency to the theory, but it must be remembered that
though the transfei of petroleum from its parent formation was not

held as common, yet it was tacitly admitt
former tromy . Y y admitted by the advocates of the

. The first to suggest the distillation theory was J. S. Newber
in 1859, when he proposed it to account for tht)zl origiﬁI of oil and g:?s,
of the Appal'arc_'hlgn region. Ile regarded the process as one of slow
spontaneous distillation from the organic remains, both plant and
animal it appears, containeu in the Devonian and other sub-Carboni-
ferous 'shale‘s- and particularly the black shales which underlie the
productive fields. In his noted paper, Rock Oils of Ohio, he says:

The precise process by which
S petroleum is evolved from car
g:r!xlsl%i:le? in the rocks which furnish it, is not yet fully kn:g:?c%ggux;atifg
b ,d-n ordinary circumstances inspect it. We may falrly infer, however, that
8 & distillation, though generally performed at low temperatureé. !

'rhAgai? l'he writes ;126
e origin of tue two hydrocarbons
:xrl?1 ?;rlglreiis er?,;&iggoﬁtlg tl;lye g:’?‘oigogg:éggs ?irllgtﬂilzgaz)nlsotﬂégr;grg%eo%:drottlzll?ssr

Newberry bases his opinion on the facts, that ten to twenty
gallon-s_ of petroleum may be distilled from a ton of the Huron shale
by artificial destructive distillation, and that the oil wells of the Oil
Creek district penetrate into the porous sediments immediately over-
lying that formation. This theory of Newberry’s is very generally
accepted among geologists to account for the origin of oil and gas in
thos? regions at least, and with a few modifications seems equally
applicable to fields of other parts of the world. .

more recent statement of the distillation theory t

for the liquid and gaseous hydrocarbons of the Appalaﬂ:hiZ-naf'zgigg
was made by S. F. Peckham in his monograph, on petroleum, in the
Tenth United States Census Vol. 10, 1880, He says in part: ’

Bltumens are not the product
of the highest temperatures a
e 21,58 Son e el S et o
bere to discuss the nature or ori of motamorphic ot 5 1ot necessary
gin of metamorphic action. It H

our purpose to know that from the upper Siluri . S Carlcient for
perlods the currents of the primeval ocea; ore transporing, thsyCarboniferous
wnd, and eloy forming pravel pevel oo n were transporting them into gravel,

s great sand beds beneat Q.
gt:ybggggtsh l'?h:t;l\irty;,%;er' Tl;luersgﬁgr:ast 'aéccunt'lulatlons of seag'vehedtsh ear:ém:;ln?:lg
and pressure that involved the iorrgrtlttiolrlles gf Cthe  Appataaninrf goat, steam,

the Appalachi

f&lint egglsé)re, s??:taéda'd fgtg;‘g&kgu;nhgognlﬁm, liinnessee, 1n8¢x))lvlng tahne éz.f-lt;;nnlf;::\rxg

ata, olding them, and converting th 1 int
inthracite, and the clays into crystalline schist: 1 gy orn_ border,
eould not have ceased to act westward along n arpitrary lap, etern border,
md&z}%lyggé;% %utdta.rl}hell'] and farther from trllfa se.[:lﬂ::g?tmry line, but must have

eds of shale and limestone, contalning fucolid §
snd “even indigenous . petroleum v H T yemalns
baTKfeﬁ‘lttetl; Of obs Semaaoleum, must have been invaded by this heat-action

00 e i8 known about petroleum at this time to enable an

'lll the phenomena attending "its occurrence on any hypothesisyol?:tt?tezgéﬂg
d? m? that the different varieties of petroleum........are the products of fractional
ln:;t(g a.&l)%r:é natn?)f og«; molfﬂth? sttr}?ng;st proofs of this hypothesis 13 found in the
whioh To s et oa ! n In the Bradford oll under the enormous pressure to
—

128 Geol. of Ohio, Vol, L., p, 192.
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o e Bionces ot haat” eation &% & demiw far below the unaltered
rocks in which the petroleum {s now stored.

Such are the two phases of the theory of organic origin of
petroleum and natural gas as presented by early American geologists.
Briefly summarized they are: . _ N

(1) That petroleum is formed in situ by primary decomposition
of organic remains (mainly animal) imbedded in the rocks at the time
of deposition, o .

-(2) That petroleum is produced by the dlst}llatxon of orfgams
hydrocarbons in the formations and has generally been trans erlre
to higher porous strata. Newberry holds that the_ distillation is slow
and continuous and is always going on at ordinary temperatures,
while Peckham maintains that the distillation was .the result of
increased temperature and high pressure due to orogenic forces. "

Foreign geologists have discussed the question pro and co.n1 111
in. general have only arﬂrived'1 at .conclusmns which are but slightly

i nt from the American theories. ,
dlffex shér-t discussion and summary, of Peckham’s, Newberry’s, and
Hunt’s theories.seems essential. .

3. F. Peckham’s theory of distillation was devised to account for
the origin of oil in the Pennsylvania field which was the énly great
field in America at that time. He believed the formation of petroleunt
was due to “slow and gentle changes at low -t’?mp‘era.tu're, due to
metamorphic action upon strata at great depths, brought .about by
profound pressure and widely distributed heat which he considers was
a necessary accompaniment of the Appalachian upliit. It appears that
Peckham appreciated the fact that such a process would change the
rocks to a great extent, for he tells us ‘tq seek the source gf heat
action far below the unaltered rochs in which the petroleum is now
found,” but he does not attempt to say how far. Borings have been
made to a depth of 1800 feet below thie Berea grit at Canal Dover,
Ohio, but there is no evidence whatéver of metamorphic action in the
rocks. This is also true of all other deep borings of the field, even
down to the Cambrian sandstone of New York, which yields in some
places, and lies comparatively near the granitic basement of the
continent. ‘

He also states that the temperature was low; but how low?
Artificial destructive distillation of Carbonaceous matter in - shales
can hardly be carried on at less tpan 3509 to.4oo° F'.’ but suc'h
temperatures could not be reached it seems, without {netamorphlc
action, for Bischof and Hunt have shown that the alkallne.golutiom
common to shales, become powerful solvents of silica and silicates at
about 212° F., so that if temperatures adequate for the distillation of
carbonaceous matter after that fashion should have at any time
obtained, profound metamorphism would have inevitably resulted. 1t
seems reasonble, however, to suppose that temperatures below that
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necessary for rapid artificial distillation majy, in long periods.of time,
have accomplished what was impossible in a short time at the same
temperatures and that too withou. any change in the rocks of the
region,

It has been objected that if Peckham’s theory is correct, there
should be such residual prod-icts of distillation as coke, etc., present
in the rocks. This objection, however, is hardly valid because Englert??
has shown that organic matter, fish oil, may be distilled at 350° to,
400° I, with a pressure of two atmospheres without coke or other
solid residue remaining, and an oil similar to petroleum in every
respect be formed. He also showed that if the oxygen of the-oil
combined with a part of the hydrogen to form water that the residue
would be carbon, 87 per cent and hydrogen 13 per cent of just the
average composition of petroleum. While it is of course not probable
that Engler anything like re-produced natural conditions in the
laboratory yet it proves the possibility of the organic matter of the
tocks being so decomposed as to leave no residuum and yet form
petroleum.and natural gas.

Newberry’s writings were, in many respects, obscure. Just what
he meant by spontaneous distillation has, it seems, never been
determined. He speaks of “constant” distillation at “low tempera-
ture ;” now distillation is distinguished from decomposition in that the
substance is dissociated by temperatures far above normal, without the
presence of air. This is destructive distillation by which organic
compounds can be dissociated by heat without the presence of air,

The critics of Newberry’s theory have therefore, contended that
destructive distillation is envolved. I, however, it can be shown that,
under the pressure at great depths and with ordinary increase of
temperature with descent, the transformation could have been brought

about, then the foundation for this phase of the distillation theory will

be laid. On the other hand if we substitute decomposition of organic
matter at normal temperatures without air, for constant distillation at
low temperatures, we have approached very near Hunt's theory, The
objections urged against Peckham'’s hypothesis, seem to apply here
with equal force. Distillation, it seems, is not likely to be accomplished

at ordinary pressure below 350% F. and there appears to be no
evidence that the rocks of any of the world’s greatest petroleum fields

have been subjected to that temperature save perhaps in a few
limited areas. .
Hunt’s theory of primary distillation is the simplest of all, and
seems to have been formulated to meet conditions peculiar to the field
where the Niagara and Trenton limestones contain the oil under
tonditions which were such that the distillation theories were scarcely
applicable. His belief that petroleum was produced from limestone
only, must of course be entirely ignored. In his essay (p. 169) he

—
127 Ber, des Deutschem, Chem, Ges. (21) 18186,
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denies that the bituminous shales, so called “except in rare instances,
contain any petroleum or other forms of bitumen.” Just how he
could do this does not appear clear, because it is a well known fact
that petroleum (shale oil) was distilled from the shales of the
Ontario oil field as well as those of Ohio, New York and New
Brunswick before the fields of the United States or Canada were
developed. The facts in the case are that the exact reverse is true,
namely, that all fresh samples of compact shales contain petroleum,
not potentially, but actually, and in measurable quantities.128

On the other hand it must not be assumed that the shales have
a monopoly on the oil of the Mississippi basin, for nearly all the
important limestones carry petroleum in appreciable quanaities.

So far oil in the sandstones has been neglected. It often appears
that the sandstones are merely reservoirs in which the oil has
collected, but there are notable exceptions. Whitel?? thinks that the
oil in the third sandstone of Venango County, Pennsylvania, is
indigenous to that formation and also to several other sands of the
Catskill group in Pennsylvania and West Virginia. A. Beeby
Thompson130 thinks that the Baku petroleum originated in the sand-
stone formations of that region, and was formed from the remains of
marine animals killed by sandstorms, while it is the writer’s opinion
that s considerable amcunt of the oil of the Oklahoma fields is
produced from plant remaias buried in sandstones, though Haworth!®!
thinks the Kansas petroleum is formed wholly from remains in the
shales.

Hunt’s theory of the origin of petroleum in the limestones is
that it was formed in them, at the time the rocks were deposited,
by a peculiar transformation of the 'vegetable matter, or, in some
cases, of animal tissues analogous to them in composition; “but he is
unwilling to admit that similar deposits of like remains in shales
would be ‘transformed’ in the same way,” which seems to be an
undue precaution as there is no apparent reason why organic matter
which would act one way in limestones would not act similarly in
adjacent shales.

The essential tenet of Hunt’s theory, however, is not that the
il was produced contemporaneously with the rock, nor that it is an
especial product of the limestone; but that it results from primary
decomposition of organic substances.

There has never been an instance recorded where one could even
approximately observe the process of secondary distillation in

128 See Geology of Ohlo, Vol. VI., p. 413,

129 White, I, C., Report Q4 Penn. Geol. Survey and personal letter to the
author Jan. 24, 1910,

130 Oi1 Fields of Russia, p. 45 et seq.

131 Haworth, E., Kansas Univ. Geol. Survey, Vol, I, p. 243.
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operation, but primary transformation seems to be in progress in
several places at present. The one most familiar to all is the Trinidad
island bitumens which were examined by Wall and reported in the
Quarterly Journal of the Geological Society. He says in part:

‘When in sitn, (the asphalt) s confined to particular strata, which were
originally shales, contalning a. ecrtain portlon of vegetable debris, the organic
matter has undergone a special mineralization, producing bituminous instead of
ordinary anthracitiferous substances. This operation is not attributable to heat
nor to the nature of dlstillation, but Is due to chemical reaction at ordinary
temperature and under the normal conditions of the climate. The proofs that
this is the true mode of the generation of the asphalt repose not only on the
partial manner in which it ls distrlbuted in the strata, but =zlso on numerous
specimeus of the vegetable matter in process of transformation, and with .the
organic structure more or less obliterated. After the removal by solution of the
bituminous material under the microscope, a remarkable alteration and corosion
of the vegetable cells becomes apparent, which Is not presented in any other
form of the mineralization of wood...... ..BSometimes the emission i3 in the form
of a dense, olly liquid, from which the volatile elements gradually evaporate,
leaving a solid residue,

Occurrences where the bitumen appears to be in the transition
stage are reported from various places in Venezuela, Brazil, Mexico,
and islands of the Gulf regions. Peckham cites an instance in
California where the organic nature of the petroleum predominates
to such an extent.that a small quantity of petroleum contained in a
cavity in the rock “was so filled with maggots that they crawled over
each other precisely as they would in a pool of blood.”232

During the past summer it was the writer’s privilege to visit an
occurrence where a black viscous substance covered the surface of a
small sandy marsh caused by tlie over loading of a crainage channel.
New sand was washed in with every freshet and a cross section of the
deposit showed alternating bands of sand and bituminous substances
black and semi-viscous, very much resembling the asphaltic residuum
of exposed petroleum. The citizens collected some of the material,
prior to the visit and sent it to a reliable chemist who reported it to be
asphalt. The nature of the occurrence, however, was such that it
could not be a true asphaltum left by the evaporation of petroleum,
The receding pool of water, from the margin of which the material,
came, swarmed with water beetles, insect larvae and doubtless
anamalcules common to stagnant water and was thickly grown with
sedges and mosses. Gas, presumably marsh gas or methane, escaped
freely when the bottom was agitated. There was an oily scum on the
more protected areas of the surface, easily distinguishahle by its
physical characteristics from the ordirary ferric (iron) oxide so
common around seepages. That organic matter, suffering decomposi-
tion under water will form methane is a matter of common knowledge
and it does not seem possible that wilen great masses of such matter.
are deposited that the evolution of hydrocarbons would necesasrily,
cease when the remains were deeply covered and the escape of gases
prvented. In fact, Walthr, cited in another part of this report, has

132 Am. Jour. Scil, 84 series, XLVIII, p. 260,
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shown that in process of organic decomposition under water, 'carbon
dioxide is formed, but as soon as the available free oxygen is con-
sumed the decay of the organic matter will decompose some of the
water, thus giving rise to carbon dioxide (COz2) gas and hydrocarbons.

The observations given above are, to be sure, of a ratber
superficial nature in that no carefu! tests of the materials studied
were made. But if such tests should prove the observations correct,
as I believe they would, there could be little doubt that we have in
this occurrence an example of the formation, under ordinary con-
ditions, of natural hydrocarbons of the petroleum series. .

Finally then, it appears that the theory of primary decomposition
finds more in nature to support it than do those of secondary
distillation, though this process may be in progress in regions where
temperatures sufficient to produce destructive distillation are reached.
Such an instance has been noted in Java, where the heat from a
volcano caused oil to be formed in a nearby coal bed.!3® It is also
to be remembered that ordinary temperatures extended over long
periods of time should be competent to produce the same results as
intense temperatures of short duration, for the sum total of encrgy
developed in the former case would equal or excel that of the latter.

Such is a brief statement of the various theories of the origin
of petroleum and natural gas that have been proposed from time to
time and have met with favor, and of some personal observations,
that have been made on organic origin. Some liberty has been taken
in assigning the volcanic theory to a place among the chemical theories,
and some new suggestions have been offered as to why the inorganic
theories seemed inconsistent, but no new theory has been broached,
nor shall it be. It seems best in this paper to examine into the
opinions which most deserve respect, even though positive knowledge
is generally wanting. It has been the purpose to show how little real
knowledge we have on the subject, and it appears more discreet, in
the light of present knowledge, to regard all theories of origin of
petroleum as merely tentative until our knowledge is more positive
and comprehensive.

The fact must not be lost sight of, however, that present day
investigators, with a few worthy exceptions, are practically at one
as to the fact that petroleum and natural gas, and their kindred
solid bitumens, are of organic origin. This.phase of the question,
therefore, may be considered as partly settled, but as to how the
natural hydrocarbons are formed and as to the mechanism and
chemistry of the process, there is grave need of far reaching investi-
gation, careful study and scientific correlation of data collected from
the world-field, rather than the setting forth of supposedly general
laws, based on observations into conditions which obtain only in
limited fields. '

133 Redwood, Petroleum and its Produects, Vol. I., p. 165,

CHAPTER X.
THEORIES OF ACCUM.ULATION.
INTRODUCTION

The fact that petroleum and natural gas are not, like water, almost
universally distributed throughout the earth’s outer strata has .given
tise to many hypotheses and theories to account for their accumula-
tion into limited areas. The attempted explanations may be divided
into three groups, namely: the crevice and line hypotheses—though
the notion that “certain lirres” control oil deposition does not deserve
to be considered even as a nypothesis, it must be given space for the
sake of completeness—the anticlinal theory and the hydraulic theory.
These will be discussed in the order named,

ACCUMULATION IN CREVICES

One of the earliest hypotheses seems to have been advocated by
Professor Evans of Marietta, Ohio.’3¢ He said that oil is contained
in cavities-or fissures in the rocks, together with water, and gas,
atranged according to their specific gravities, He believed that the
cavities were often of great dimensions and sometimes connected in
such a manner that when one was tapped it was often posuible to drain
others from the same well. - There are some early reports extant
which state that drilling tools sometimes fell several feet into cavities
from which oil gushed, and Fenneman!® records a similar phenomgenon
}904. Bull, U, 8. Geol. Survey, No. 260, 1905, p. 438.
in the Florence, Colorado, field. Therefore the idea of accumulation
in crevices is not without some foundation, though oil is rarely reported
to occur thus. : s

Many persons, unacquainted with conditions in the oil fields, seem
to think that an “oil pool” is where oil has drained from the surround-
ing strata into a vast cavern from a subterranean drainage basin such
as surrounds a pond or lake on the surface. The ordinary way, how-
ever, in which oil and gas are present in the rocks is as a saturating
substance filling the interstitial .pores of -the coarser grained rocks. .

OIL LINES

Another idea which early gained credence among the oil operators
was that of “oil lines.” It is not an attempt to explain how oil orig-
inates or collects in the rocks, but because of the fact that there is,
as a rule, a well defined trend to the oil producing areas of a region,
the drillers, and often operators, reasonable in all other n:atters, assert

134 Bone, J. H, A, Petroleum and Petroleum Wells: 1868, .p. 13
135 Fenneman, N, M., The Florence, Colo., oll fleld: bgﬁtlb'. Econ. Geology
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that oil will be found along any line extending in a given direction
if it is persistently prospected.

The notion became popular in America during the early days of
the development of the Pennsylvania fields and is still held, even by
oil men of considerable reading and culture. The “oil lines” of the
Appalachian region trend about N. 45° E. Careful investigations
tend to show that this trend is intimately related to the geologic struc-
ture of the country as is also the general north-south trend. of the

Oklahoma oil pools.

That many oil men disregard these structural relations and Gologah_Limestone w’ﬂéﬁ"“f Biy
depend on the “line” is easily discovered by a short association with satte Shatle o
them when they are freely discussing development and prospecting. l;ﬂﬁhﬂ/——————*%\—"
i :
THE ANTICLINAL THEORY M
. g Gas
The fact that by far the greater number of oil wells in the United Shole ===
States and Canada are along anticlinal axes was early noticed. This ' Sharles o
observation gave rise to the anticlinal or structural theory of oil and ¢

* ; . 3Miles —

gas accumulation, It is impossible to say to whom the whole credit
is due for the origin of the structural theory, because a number of
geologists proposed it, independently, at about the same time.
T. Sterry Hunt, who published a paper setting forth the principles of
the theory in the Canadian Naturalist in 1859, was, it appears, the
first to publish on the possibility of the relation of oil deposits to
structure. E. S. Andrews, of Marietta, Ohio, reached the saine con-
clusions independent of Hunt and published his opinions in the Amer-
jcan Journal of Science in 1861, while H. Hoefer, of Aastria, records
like observations, independent of either Hunt or Andrews, in his
“Petroleumn Industry of North America,” pages 77-80.

Though it is difficult to determine who was the first geologist to
discuss the principles of the theory, the first to put them to tne crucial
test was I. C. White, 3" of West Virginia. ‘As a result of these tests
White succeeded in locating several of the most prolific gas fields in
West Virginia,

The theory, briefly stated is: Since petroleum and natural gas
are lighter than water they will rise into the arches of ¢he anticlinal
folds in the rock when associated in the strata with it. Assuming GENERALIZED SECTION OF THE MAIN OIL AND GAS FIELD,
the presence of petroleum in the rocks, there are, according to this
theory, four prerequisited, before oil and gas can collect in paying
quantities. These requirements are:

(1) Water in the forination.

(2) Porous reservoir.

(3) An impervious stratum above the porous reservoir rock.
(4) An anticlinal fold.

136 For further discussion see: Redwood, Petroleum and its Products; Wihit

I. C.1.37RRpC}rt].l Y;f. Va.tGe?I?slyrveV%hYtol. Lt (a); 10th Census, U, 8, Vol. X, s
u ccount o rof. hite's tests may be found in Sclence 2

1885, or Vol. I. (a) W. Va. Geol. Survey Report, 1904. » June %,
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If any one of these conditions is wanting it does not appear tha}t
the theory can well hold for the followin greasons: (1) If thereis
no water present, then the oil is the heaviest liquid in the rocks ar}d
will tend to collect in structural troughs, or synclines, 1nstea'd of in
the anticlinal arches. (2) Unless there is a porous reservoir rock,
such as sandstone, dolomitized limestone or similarly porous sub-
stances, the petroleum ‘will necessarily remain scattered throughout
the formation. (3) If the rocks are of an homogenous texture
throughout the oil and gas will not collect under the arches, but con-
tinue to percolate upward to the top of the ground water level at least,
and as much higher as the force of capillarity and the expansion of
the gas would carry them. (4) If there are no structural irregular-
ities, such as anticlinal arches or quaquaversal domes, the oil and gas
will gradually percolate up the dip of inclined strata, if the strata
have a uniform dip, to the point of ingress of the water, or remain
widely disseminated throughout the formations. )

Experience has often seemed to so thoroughly prove the anti-
clinal theory that it has come to be considered, by manuy, as the anti-
clinal law of accumulation, If the rocks contain both oil and water
it often seems to be uniformly true; but if there is no water present it
is but reasonable that the oil should seek the lower levels and be found
in the synclines. '

Ralph Arnold!38 in his recent bulletins of the United States
Geological Survey has added much data to the positive side of the
question of the structural relations of oil and gas fields. He reports
oil from synclines in several localities. In some of the wells, as the
Kentucky wells in the Sespo fields, he accounts for this phenomenon
by the fact that the syncline is situated between two consequent anti-
clines on one limb of the great Topatopa anticline; while in some
others, it appears, that the strata contain no water and the petroleum,
therefore, seeks the synclinal trough,

Many of the most progressive oil operators of the world now
begin prospecting a new field along anticlinal axes, though those of
the “old school” and many of the speculators prospect in a hap-
hazard way along “oil lines.”

With the important provision that the strata must contain water
as well as oil the theory is, beyond doubt, worthy of consideration.

“On the continent of Europe, and in Russia, no other theory
(than the anticlinal) has any followers whatsoever.”189 White and
others have shown its efficiency in the Pennsylvania fields:3
Blatchley maintains it is true for Illinois;14® Arnold reports it from
California; the writer has found it true for many of the Oklahoma

138 Bulls. Nos. 309, 317, 321, 322,

139 White, 1. C., Rept, W. Va. Geol. Survey, Vol. I. (2) p. 53.

140 Blatchley, W, 8., Petroleum Industry of southern Illinols, ang Bull
Illinois Geol. Survey No. 2.
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pools, though in some cases one or the other of the modifications,
to be discussed later, seems to be applicable, and Fenneman!4l and
others have shown that the small fields of the Gulf Coastal Plain are
under quaquaversal anticlines. '
The modifications of the anticlinal theory referred to.above are
the arrested anticline or terrace, and the effect of large lentils of
sandstone embedded in shale. The former was first observed by
Edward Orton Sr., while the latter is mentioned by Gale.142
; The “arrested anticline” modification as stated by Orton is as
ollows :

Though distinct arches .are for the most part wanting in Ohlo geology,
there is another sort of structural deformation found here which Is connected
In a direct way with the oil and gas of eastern Ohlo. The structure referred
to Is associated with, the arrest or suppression of the prevailing dip of the
rocks for a given space and the establishment of g terrace or level bench In its
place. If the serfes had been level instead of being inclined at the slight angle
which mark most of Eastern Ohlo, the movement ‘to which the present terrace
3 due Wwould have resulted in a low arch, but the uplifting force wasg too feeble
to do more than counteract for a short space the normal dip by which the
entire serles {8 affected.

This form of structure obtains in the Coweta field in Oklahoma,
and has been noted in other regions not yet prospected, while anti-
clinal fields are frequent between the Kansas line and Tulsa, and
prevail in the Hogshooter and shallow fields.

The petroleum and gas in the Oklahoma fields occur, as a rule,
in sandstorie interbedded -in fossiliferous shales. These sandstones,
where drilling has been extensive, have been found to be from a few
to one hundred feet in thickness, but usually vary at different places
in the same field, sometimes thinning out entirely on one side of the
producing area. Where this phenomenon has been observed there
Is little or no evidence of structural disturbance, but the rocks exposed
at the surface usually shew a uniform dip, at low angles, toward the
west.

The sandstones which have been exposed by erosion are, with a
few notable exceptions, narrowly lenticular throughout the Pennsyl-
v'anian series in northern Oklahoma. The .lentils are usually from
five to fifty feet thick and from two or three, to twenty miles or more
in latteral extension. Since the exposed sandstones are lenticular it
seems that it is not presuming, to assume that many sandstone lentils
lie buried in the impervious petroliferous shales. ~Since these sand
lenses were deposited as bars on the shores of the ancient sea, doubt-
less they are convex upward, so that one, for example, with a maxi-
mum thickness of fifty feet and ten miles in diameter, would neces
sarily cause a gentle arch to be built in the superimposed sediments,
thu's forming a catchment basin for petroleum or natural gas even In
regions of level lying strata. In such a case the oil should be most

—-—
141 Fenneman, N. M., Oil flelds of Texas-Loulslana Gulf Coastal Plain:

Bull. U. §. Geol. Survey, No. 282 1906, -

142 Gale, H. 8., Geology of the Rangely oll dlstrict, Colorado: Bull,, U. 8.

@eol. Survey No. 350, p. 46.
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abundant where the sandstone is thickest. If, on the other hand,
the rocks form a monocline, and the shales enclosing the sandstone
are sufficiently impervious to oil and gas, those hydrocarbons will
collect along the highest edge of the lens, provided there 1s associated
water. Drill holes through the producing sand under such conditions
would be likely to show that the sand increases in thickness, from
the gas territory down the dip of the strata through the oil bearing
belt and to persist beyond where oil was present in paying quantities,
while the sand would “pinch out” up the dip from the gas pool.

Obviously a deposit caused by either of the phenomena just
described would present no surface criteria by which its proximate
location could be Jetermined. The only way in which such subter-
ranean conditions can be learned is from a study of the logs and collar
levels of the wells. So far it has not been possible to collect suffi-
cient data in any locality in Cklahoma to be certain that the oil does
come from sandstone lenses. There are, however, one or two regions
where there appears to he no evidence of anticlinal folding, or even
an arrest of the normal dip of the rocks, where oil is being produced.
A few driller’s records show the sand to thin up the dip and the local
operators and drillers speak of the oil sand “pinching” out to the
east, so it appears that the petroleum is very likely obtained from

sandstone lenses,
CONCLUSION

From the foregoing, it appears, that the finding of petroleum
and natural gas in large crevices in the rocks is rare and that the idea
that there are “oil lines” running in a certain direction the world
over, are erroneous, but that in regions where the strata contain both
oil and gas, and water the lighter substances tend to collect in arches
in the rocks under impervious strata, but in the absence of water the
oil seeks the lower levels, and that arches under which the oil and
gas may collect in the beds, are due (1) to gentle anticlinal folding;
(2) to an arrest of the normal dip of the rocks, and (3) to accidents
of sedimentatiori by which great sandstone lenses were embedded in
petrolifferous shales.

During the past few seasons M. J. Munn of the United States
Geological Survey, has been carrying on detailed investigations in
the Appalachian oil fields. As a result of his first summer’s work he
has written two papers which have appeared in Economic Geology,
numbers two and six, of Volume IV, 1909. In the first article he
sets forth the data collected, while the second is devoted to conclusions
reached. In these papers he shows that the oil pools of Sewickley
quadrangle, near Pittsburg, are not confined to the anticline folds and
that especially those in the “hundred foot sand” occur at various
horizons, generally in conglomerate lenses, many of which contain
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no water. He then hypothecates water curtents within the forma-
tions during past ages and shows how such currents would have
rinsed the petroleum from the surrounding rocks and causéd it to
tollect in those places where the water currents were least, and how
it may have'then been held in suspension in the sand by th:: capillary
and hydrauliuz pressure of the surrounding water. There are a num-
ber of conditions hypothecated, concerning the behavior of petroleum
and gas in clay shales during their early stages of genesis and also
alfteg' consolidation of the rocks which he uses to arrive at his con-
lcl usions, The whole may, therefore, be considered as hypothetical
h;)w'ex{e_r, if he succeeds, by laboratory, or other methods, in proviné
s initial Statements he will have added to the sum of kx;owledge on
ac];:}xxlzllu!atlon, but will probably cast a doubt upon the anticlinal theory
l:,o ich, it seemed, was becoynmg fairly well established. It is hoped’
knwever, that these investigations will ultimately lead to a bettel:
owjiedge of actual conditions of accumulations.
Sarr papte}'lby ‘C‘;eorg§ F. Becker, Bullétin No. 401, of the Federal
™ y, entit ed Relatu?}ls‘between local magnetic disturbances and
f bgenesxs of petrolgum should be mentioned, but the lack of space
or 1Ids ?1 .Iengthy review of it at this time. g
,in his paper Becker points out the fact that it has often
i.:ttl;zdoti}lmft' tl}:ie needle of the compass is often more greatly distu?gteag
Beresoo, axl'z' u:soafl tgl,rl:ngti?tedl ‘?tatesi) than in adjacent regions. He
; relation between the petroleu d th
tause of the disturbance. He believes in the th ! aral b :
arbons are formed from metal carbidens edt ;ory o atural Bydreo,
rmed {; hey are now in th
vicinity of their origin. Hence the di tanb e/ tnks, to
e porsence of T metic cace e ;: urbance is due, he thinks, to
S - m the oil pools. Some ar
fazgtitgrllss t:sats }?(l)lw flielgiys trgzycg; Il)ocatedItb)f carefully platting magnggz
2 1 ass, is repor i
ke now being carried forward in Louisiana oxr: tl:iesdht;;;tﬁzcgznments



CHAPTER XI.

STRATIGRAPHY OF THE MAIN OIL AND GAS
FIELD OF OKLAHOMA.

INTRODUCTION

The region covered by the following discussion of stratigraphy
is sitnated in northeastern Oklahoma, north of the township line
between townships seven and eight north and east of the range line
between ranges three and four west. It comprises all of that part of
the Ozark Mountains lying within Oklahoma and, in addition, that
portion of the State which has been found to be richest in petroleun
and natural gas.

SOURCES OF DATA

The material embodied in this report is derived from many
sources. A large part of the region under consideration was first
studied by the writer as a member of the Oklahoma Territorial
Geological Survey during the seasons of 1905 and 1906, Much
information was also obtained while doing “free lance” work in the
Oklahoma oil and gas fields during the winter of 1906-'07, and the
summer of the latter year, whils in 1908, after the present State
Survey was organized, I made a reconnaissance survey with complete
outfit, through the southern part from Tulsa to Braggs, thence
northward to Ft. Gibson and west as far as Porter. The Director
of the Survey, (. N. Gould, and D. W. Ohern, Professor in the
department of Geology at the State University, have -also made
extensive investigetions in that part of the State and their store of
information has been frezly drawn upon. Roswell H. Johnson, a
geologist at Bartlesville, has aided much by furnishing data concerning
field observations and contributing logs. There are many others who
aided greatly, appreciation for which is here expressed.

There is no litcrature extant on the geology of the entire region
under consideration and but little has been written on the detailed
stratigraphy of any considerable portion of it. With the exception
of the Tahlequah and Muskogee Folios!4® and the work of Ohernl#
in the Nowata and Claremore quadrangles all the worl that has been
done is in the nature of reconnaissance surveys.

143 Tahlequah folio (No, 122) and Muskogee folio (No. 132), Geol. Atlas U, 8¢
U. 8. Geol. Survey, 1905 and 1906.

144 Ohern, D. W., A contribution on the stratigraphy of the older Pennsylvanisa
rocks of northern Oklahoma: Oklahoma .Unlversity Research Bulletin No, &
Norman, 1910,
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NOMENCLATURE USED

It is the intention in the preparation of this paper to intrgc}ucc
as few names as secems consistent with the stratigraphic conditions
found in the region. When formations, which were named and
defined in Kansas have been traced south intv Oklahoma the Kansas
name has been preserved, unless there seems to be a stratigraphic or
lithological change in the formation of sufficient importance to render
the Kansas definition inapplicable to the Oklahoma section. When
it is has seemed advisable to propose new names for the formation or
to subdivide them in any way the name proposed is a geographic one,
tither that of a town or stream near where a typical exposure occurs..
There has also been an attempt to preserve those names which have
been yroposed by different writers on the geology of the region. But
if for any reason a remapping a1d redefining seems necessary the old
classification together with the original name has been discarded, not
however, without an attempt to make the synunymy clear.

In general it has been the aim to make the nomenclature and
definitions used conform to those set forth in the research hulletins
of the Oklahoma University, entitled, “Proposed Groups of the Penn-
sylvanian Rocks of Eastern Oklahoma,”14% and Ohern’s p..per referred
o above, both of which are now just coming from the press.

TYPOGRAPHY

INTRODUCTION.

The surface of northern Oklahoma slopes to the east. at, an

average rate of about eight feet per mile, while the strata ia that
portion of the State normally dip west at low angles. This slope of
the surface to the east and the gentle dip of the formations to ths
west gives rise to the “stairstep” relief so often seen in various parts
of the State. The forms of relief are due, in general, to two factors—
rosion and structure. Broadly speaking the surface of the entire
fegion under consideration is that of an old land surface once worn
down nearly to base level, then elevated and again subjected to the
agencies of erosion. . .
In that portion of the region lying west of the main line of the
anta Fe Railroad, the topography is characteristically that of a
ntry composed of nearly homogenous beds while east of that line
be folded structure of the rocks, together with the varying resistance
B the members, has, in many instances, greatly modified erosion thus
moducing another type of topography. :

TOPOGRAPHIC DIVISIONS.
_The topogaphy of northern Oklahoma falls naturally into five
jnctive belts or zones each due to erosion modified by the character

145 Gould, Chas. N., Ohern, D. W., Hutchison, L. L. ] . 3
Bate University of Oklahoma, 1910. L, ‘Re earch Bull. No. 2.
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and structure of the rocks. The zones, namgd in the.prder in wh_ich
they will be discussed, are: the Ozark Up}lf't, the Limestone Hills,
the Sandstone Hills, Flint Hills, and Low Plains,

THE OZARK UPLIFT

The term Ozark Uplift as here used includes that portion of the
Ozark Mountains which flies in Oklahoma. Broadly speaking it 1s
bounded on the northwest, west, and south by Spring, Qrand,.gr}d
Arkansas rivers; more narrowly, it is, included “almost entirely within
the outcrop of the Pitkin limestone.

The general relief of the Ozark region is that of a dome
dissected by deep narrow valleys and gteep-sxded canyons. T1h4:
valleys may be classed as valleys of corrosion, v_a‘lleys of solution,
and valleys of structure. The line of demarkation between the dif-
ferent types of valleys is not sharply drawn. In many instances at
least two of these forces have combined in the: process of valley
making. .

All the streams of the Ozark region in Oklahoma flow from‘the
highest part of the Jome outward. This peculiarity of drallnagggwes
a drainage map of the uplift a definite radiate appearance .wn.?h the
common center in the vicinity of T. 21 N, R. 25 E., that is in the
southeastern part of Delaware County. The principal streams are:
Illinois River, Greenleaf, Sallisaw, Spring, Barren Fork, Lee and

Spavinaw creeks.

The entire Ozark Uplift in the State is well wooded. The only
open prairies are small glades along the crests of some of .the -hll'ls
or on slopes where the subsoil is a hard clay shale. The timber in
the valleys and along the streams consists chiefly of ash, elm, walnut,
hackberry, birch, sycamore, burr oak, red oak, black oak, maple and
pecan. The clay shale ridges produce little timber except post oak,
while the sandy divides grow an abundance of black jack, hickory,
white oak, and some pine.

THE LIMESTONE HILLS

The term limestone hills is here used to include that topographic
~ zone which lies west of the Ozark Uplift, north of the Arkansas and
Cimarron rivers, and extends west to the line of the Oklahoma
Eastern Railway and Buck Creek in Osage County, and noyth to the
State line. Geologically, the region consists of alternating limestones,
sandstone and shales with several beds of workable coal interstratified,
Many of the sandstone ledges are very prominent, but the greater part
of the characteristic forms of relief are due to the outcropping of
the resistant ledges of limestone.

146 Taff, J. A., Tahlequah folio (No. 1£2), Geol. Atlas U. 8, OU. S, Geoli
Survey, 1905, Fig. 1, Col. 4. -
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The general relef is caused by regularly dipping beds which
have been cut by streams running either nearly parallel to the strike
or at acute angles to the dip, that is, the topography generally has the
characteristic “stair step” appearance previously mentioned. Since the
beds normally dip to the west the steep escarpments are usually on the
east side of the hills, the west slopes being more gentle. These
conditions obtain throughout the limestone hills except in a few cases
where the western dip has been interrupted by an anticlinal fold, such
as is found in the sShallow and Hogshooter oil and gas fields. In
these regions short west-facing escarpments and gentle dip-slopes to
the east often occur east of the axis of the fold, while along the axis
of the fold the formations are sometimes weathered into bald knobs,
flat-topped mesas and buttes, topographic -forms characteristic of
level-lying strata. ;

The greater part of the Limestone Hills area is a roughly rolling
prairie. Timber occurs mainly along the water courses and on the
sandy divides, Hackberry, elm, ash, maple, sycamore, cottonwood,
hickory, birch, box elder, and locust abound on the valley lands ; the
clay shale slopes produce some post oak, and the sandy divides grow
black jack and some of the hardier hickories and white oak.

SANDSTONE HILLS

The topographic region for which the name Sandstone Hills is
proposed lies south of the Arkansas and Cimarron rivers, extends west
from the east line of the State to the vicinity of the main line of the
Santa Fe Railroad, and south to the Arbuckle Uplift and Cretaceous
overlap, thus extending beyond the limits of the region under present
consideration. The transition from the limestone hills region to the
sandstone hills is not abrupt, but is, on the contrary, very gradual.
The limestones north of the Arkansas and Cimarron rivers are
gradually replaced by sandstones. The latter are often less persistent:
than the limestones thus giving rise to entirely different topographic.
features.

The structure of the region is very irregular. That of the
eastern portion consists of profound folding and sometimes local
faulting, so that it can not well be described in a general way, while
that of the part lying west of the Missouri, Kansas and Texas Railway
usually consists of low dips to the westward. Under normal conditions,
the characteristics “stair step” arrangement of outcrops with long dip
slopes to the west predominates. If the sandstone members are.
friable the relief presents a more deeply dissected contour with-
narrow valleys and rounded buttes, while folding and terracing are
locally effective.

That portion of the Sandstone Hills region within the area
considered in this paper is drained by the Cimarron, Arkansas and
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North Canadian rivers. The tributaries of these master streams ar¢
generally short and swift, have steep clay banks, narrow valleys and
gravel bottoms.

The timber is found chiefly along the creek and the river bottoms
and on the sandy divides. Post oak grows on a few of the clay shale
slopes, but as a rule the clay formations are treeless prairies. The
timber of the low lands consists principally of walnut, birch, willow,
sycamore, cottonwood, hackberry, elm, hickory, and oak. That ?f
the sandstone ridges is chiefly black jack, running oak and certain
varieties of hickory.

FLINT HILLS

The term Flint Hills is used for the region occupying the eastern
part of Kay County, Osage County west of Beaver Creek, and the
extreme northern part of Pawnee County. Geologically, the region
consists of alternating beds of shale, cherty limestone, and occasional
sandstone lentils, which are the southern extensions of the Flint Hills
members ot the Kansas region. . This topographic zone is almost
co-incident in area with the Chase formation mentioned later,

The drainage is into the Arkansas Piver by short tributaries.
The principal streams, besides the Arkansas River, are Beaver, Little
Beaver, and Turkey creeks.

The relief of the region is abruptly rolling or broken due to the
resistance of the flinty ledges of limestones alternating with soft
shale beds.

The timber occurs almost wholly along the water courses. A
few scattered patches of black jack are seen on the divides in the
southern part where the sandstones are most prominent.

LOW PLAINS

The topographic province of Oklahoma known as the Low
Plains was first described by Gould™7 in 1905. As then defined it
comprehended an area greater than is included in this discussion, as
the accompanying map covers only the eastern part of the region.
That part of the Low Plains included in this report occupies western
Kay, Noble, Logan, Oklahoma and Cleveland counties, and the
eastern part of Grant and Garfield counties. In guneral the region is
gently rolling, steep bluffs are uncomimon, and high hills are unknown.
The water sheds are the remnants of the old peneplain to which the
region was once reduced, and slopes so gently eastward that one
scarcely notices the descent.

The Low Plains may be said to be located in three drainage
basins: the North Canadian, Cimarron and Arkansas, although the
waters all finally find their way into the latter stream. The general
trend of the rivers is to the southeast through broad shallow valleys
all of which are sand choked except the North Canadian.

147 Gould, Chas. N., Geology and water resources of Oklahoma: Water-supply
Paper U. S. Geol. Survey No. 148, 1905, :
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The timber of this. province consists of black jack and post oak
on the sandstone ridges and the Quaternary sand hills area lying
north of the principal streams, and of elm, ash, walnut, hackberry,
box elder, cottonwood, etc., along the streams, ‘

STRATIGRAPHY

INTRODUCTION.

The geology of the greater part of the region considered in this
report is as yet imperfectly understood, and many of the statements
made are to be considered as tentative. The grouping of the Penn-
sylvanian series proposed in Oklahoma University research bulletin
No. 3, referred to in the beginning of this chapter, is an attempt to
divide the Pennsylvanian series of Oklahoma into major divisions, the
detailed stratigraphy of each of which is to be studied later. In the
light of present knowledge the discussion of stratigraphy of the
various groups cdn only be of a general character.

. The geological range of the formations of this part of the State
is wide. Rocks of every .period of lower Paleozoic times, except.
the Cambrian, are represented and Cambrian rocks are doutbless
present but not exposed. Nearly all the known outcrops of the
various formations are represented on the accompanying map. The
following table sets forth their order and age.

Classification of the Rocks in the Main Oil end Gas Fields of
Ollahoma,

V. Carboniferous.
Permian serles, in part.
c¢. Enid formatlon,
b. Marion and Welllngton formations.
a. ?ha.%(’a formation,
. reford limesto! 3
B. Pennsylvanian serles. tone, base (1) of serles.
4. Ralston group.
....undifferentfated,
a. Pawhuska formation-—base of group,
3. Sapulpa group.

(State line to Ramona,) (Ramona to Arkansas River.)

¢. Wann formation, c. Ramona formation,
1ii, Stanton limestone member, {li. Avant limestone member,
ii. Copan member. il. OQchelata shale member,

1i.  Avant limestone lentll. . Dewey I
{. Dewey limestone lentil, y limestone member.
b i&: }1Iofgs‘hoottier member,
. url formation, b. Skiatook formation
a. Lenapah limestone,—base of group— '
5 g mpen gToup: a. Lenapah limestone,
(at the north.)
a. (I)\Iolwat% formAat.ion. (at the south.)
c. olaga. ( Altamont llmestone ) north e. Scminol
formation ( Bandera shale ) of d. Hold:m(rau?gnsgl}g;g?m“.
¢ Pawnee llmestone ) Watova c. Wewdka formatlon,
b. Labettq shale, b. Wetumka shale,
a. ClaremWe formation—base of group— a. Calvin sandstone,
1, Musl((oge% groupil )
at the north) at the south.
Vinita formation, undifferentiated. ¢ th-)
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Senora formation,

S iaster ahalo.
Hartshorne sardstone,
Atoka formation.

PTOLOINRE

sizslppian series,
A Mlszl I:I”lrikln llmestone,

ville formation.
b fay\%églngton sandstone member.

a. Boone formation,

. Devonlaa.n. Chattanooga formation, "
Sylamore sandstone lentil.

1. Siturian. 8t. Clair marble,

I Ordovxctifn"ryner formation.
a. Burgen sandrtone,

IGNEOUS ROCKS.

i i sideration where
vy regl?sl Fort‘i\eé ggnSpavinaw Creek,
rn part of Mayes County, and
d about three quarters of a
les above the mouth of

There is but one area '
igneous rocks are exposed. _Th}lls arezt;.e
a tributary of Grand River, in the eas >
consists of a small granite dike situa e'x e
mile west of Spavinaw post office, or st
Spavinaw Creek.

The first re

i cond report of the C ; "
O}vlver? Shc:nmi-zehneti;fwd a rego'granite which occurred near tlie mouth
whe

line,
i irty miles west of the Arkansas State '
IS\IpaFn%vzaliﬁngiss?gg ttll:ér r);gion, described the dlke,.?r;d ir;lac;;[t)gga;t:
SL{rro.undings with consid'erab.lseitcea(llret ﬁ: 158pga6v.in;1‘v}:er:rgrixo i 1 R an

i ri 7 i :
R e ge:revraltrtlioigsqgla\;ive to the occurrence of the d111<e. icline
made’l‘i’nomgilciesrock is exposed along the axis of a gertlt;;l eagulr e

hich t(:ends approximately north 307 east. As showg alirom P
the ; ion is about one-fourth of a mile lopg an fy o
fhe mtrl;?lo feet wide. The outcrop is not continuous, but const e
Tour o 11\17e ; osures.each from" 100 to 200 feet long, se_paraé ee f‘y)
.four STa fei?kgz distances. The intermittent ex.posuref irf follxd &
dittor S'01 rosion of the overlying strata. The limbs of the Sold
dlfferer;txa Ny ° east and west from the dike and affect t}}e pitch o i
o o, flo(:- some miles both above and.below'the mtlzusxoni(su
f:g{g:'altﬂll(::ngranite is a light brick redlintermlxed with black spec

i s. .

ofter El'llggreglz:;e’isnotfrh?irgi:i?il:; grfyiflaé dike are of Si.lur.iat'x age, w’}ll‘g:

h o i(:l r(t)1c1e surrounding hills are probably Mlssms&)ex:n.fdded
tSi(ljti:ian and Mississippian formations appear to have

. ike was made by D. D.
ference to the Spavgl:gi’ogéaf gvurvey of Arkansas,

148 Drake, N ) eological reconnaissance of the coal fields of the Indian
» . gl A g log!
Territory, Proc, Am, Philos. Soc. Vol. -D{}CVI-' No. 156, 2p. 826419,
»

to the classification
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simultaneously. In adjacent regions there are conditions that go to
show that the " Pennsylvanian series was folded at the same time as

the Mississippian. It seems probable, therefore, that the intrusion did
not occur earlier than Pennsylvanian times,

ROCKS OF. PRE-CARBONIFEROUS AGE.

All the exposures of rocks of pre-Carbonifercus age in that
portion of Oklahoma to which this paper relates are found in limited
areas scattered over what hag already bgen described as the Ozark
Uplift. The exposures are either along fault lines or in deep valleys
where the streams have cut thejr way through the superimposed
strata. .The sediments exposed below the Mississippian are of
Ordovician, Silurian and Devonian ages. So far there has been no
comprehensive survey made of the entire uplift so it is impossible to
give even the location of all the aréas where the older rocks are
exposed,

Taffl4® describes two formations, the Bergen and the Tyner, of
Ordovician age; one, the St. Clair Marble, of Silurian age and one,
the Chattanooga formation with its contained sandstone member, the
Sylamore, of Devonian age.

N. F. Drake in his paper on the (reology of the Indian Territory
Coal Fields!®™ mantions three areas,” the Spavinaw Creek, Illinojs
River and Sallisaw Creek areas, where Silurian ocks are exposed, but
failed to note the presence of Ordovician and Devonian rocks. - [t
appears, however, from his description of the lithological character
of the rocks of these areas, that he observed the other formations
mapped by Taff, but, probably on account of a lack of paleontological
data, failed to identify them. The Illinois River and Sallisaw Creek
areas occur within the Tahlequah quadrangle and the Spavinaw Creek
region has already been discussed.

So far as has yet been determined the pre-Carboniferous rocks
are economically unimportant except the St. Clair marble, found along
Sallisaw Creek, which has been found desirable for structural and
monumental purposes.

CARBONIFEROUS SYSTEM.
INTRODUCTION

The geater part of the rocks of Oklahoma belong to the
Carboniferous age. The thee main divisions of that-age, according
of the United States Geological Survey, are:

Mississippian, Pennsylvanian and Permian. ‘Rocks belonging to these
different series are well exposed in the State and constitute more than
ninety-five per cent of the surface of the region being considered. The
grater part of the Mississippian rocks of northeast Oklahoma are

149 Taff, J. A., Tahlequah follo (No, 122) Geol. Atlas U, 8. U, S, QGeol,
Burvey, 1905,

160 Proc, Am, Philos Soc, Vol. XXXVI. No. 156m, 1897,



154 OKLAHOMA GEOLOGICAL SURVEY.

limestones. Among those of Pennsylvanian age, shales and sand-
stones predominate, though limestone formations are important in the
Limestone Hills region. The greater part of the Permian rocks
consist of red clay shales and friable sandstone. The various groups
or formations which make up the different series will be discussed in
regular order,

MISSISSIPPIAN SERIES

The rocks of Mississjppian, or Lower Carboniferous, age in
northeastern Oklahoma are confined to the eastern part of what was
formerly the Cherokee Nation. Roughly speaking the area over
which they are exposed is bounded on the west by the Grand and
Spring rivers and on the south by a curved line extendiug from Ft,
Gibson through Marble City, thence northeastward to the State line.
Where the Mississippian series has been carefully studied, notably in
the Tahlequah quadrangle, it has been divided into three distinct
formations: the Boone formation, the Fayetteville formation and the
Pitkin limestone,

BOONE FORMATION.,

The Boone formation lies immediately above, but unconformably
upon, the Chattanooga formation, known as the Eureka shale! in
Arkansas. It is often called the Boone chert, owing to its locally
silicious character und is known to drillers as the “Mississippi lime.”
It constitutes the principal surface rock over several counties in
southwest Missouri, northwest Arkansas and northeastern Oklahoma,
and is the great lead and zinc bearing formation of Missouri, Kansas
and Oklahoma, This formation varies in thickness from 100 to 300
feet, in the Tahlequah region, is perhaps thicker farther north, for as
much as 450 feet of limestone are reported at about horizon of the
Boone by some drillers in the Shallow Field.

. Lithologically, the Boone formation consists of interstratified
chert and cherty limestone, with a thin limestone member free from
chert developed locally at the base.

FAYETTEVILLE FORMATION,

The Fayetteville formation lies conformably upon the Boone, and
is named from its typical exposure near Fayetteville, Arkansas. As
described in the Musiogee Folio, the formation varies from twenty
to sixty feet in thickness and consists of shale beds with local lifne-
stone lentils, In the Tahlequah and Fayetteville quadrangles a sand-
stone lentil occurs near the middle of the formation and is sufficiently
developed to be mapped and named. It is called the Wedington

The petivg Favettevills formatinn ie anprosimatelv 17
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feet thick in the Tahlequah quadrangle, while it has a vertical sectian

Qrvs Tod e

19051 Ta;r, J. A., Tahlequah follo (No. 122), Geol. Atlag U. 8., U. 8, Geol. Survey,
» D &
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of more than 200 feet in the Fayetteville region. The shales of the
formation are dark blue to black in Oklahoma but grow much lighter
in Arkansas. The texture of the limestones is locally variable, but all
are rich in fossils, some of which are rare blastoids. Its northward
extension has never been determined.

THE PITKIN LIMESTONE.

The Pitkin limestone, the uppermost member of the Mississippian
of northeastern Oklahoma, lies immediately above and is conformable
upon the Fayetteville formation. Its outcrdp is the western and
southern limits of the exposures of Mississippian rocks in the QOzark
uplift. Roughly speaking the horizon of this formation appears to
enter Okiahoma south of Baxter Springs, Kansas, curves to the
southwest, passes near Miami, thence bears southward to a poiat
near Fairland, from whence it trends southwest to the Missouri,
Kansas and Texas Railroad about five miles southwest of Vinita H
thence it extends southward in an irregular line meandering back and
forth between Grand River and the Missouri, Kansas and Texas
Railway until, at a point about fourteen miles north of Fort Gibson,
it turns east and forms a zigzag outcrop tc a point a little more than
a mile south of Tahlequah; thence it swings southwest past Park
Hill, follows far down the Illinois River, Sallisaw and Lee’s creeks
and finally passes from the State a little north of Evansviile,
Arkansas.

The Pitkin limestone varies locally, from a few feet to forty or
sixty feet in thickness. In the thinner portion, the formation is often
a clayey friable limestone. Where it is thicker and more massive
it is light blue to brown and often oolitic in texture.

PENNSYLVANIAN SERIES

INTRODUCTION,

The lower members of the Pennsylvanian series are the great
coal, oil, and gas bearing hoizons of Oklahoma, though workable coal

-and some economic deposits of oil and gas occur well up toward vhe

middle of the section,

The discussion of the stratigraphy wiil follow the general outline
/in sequence and gouping set forth in Research Bulletin No. 3,
Oklahoma State University, 1910, referred to above. The goups there
proposed ‘are, Muskogee, Tulsa, Sapulpa, and the Ralston groups,
beginning with the base of the Pennsylvanian series.

DEFINITION OF THE GROUPS.

These groups are defined as follows, beginuing with the lowest:

1. The Muskogee Groug includec 211 the rocks from the base of
the Feansyizam™] senies 1 the fase of the Ciaremore formation or its
southern extension. The name is taken from Muskogee County near
the center of the area occupied by the group.
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2. The Tulsa Group includes all rocks from the base of the
Claremore formation, and its southern stratigraphic eguivalent yet to
be detemined. The name is from Tulsa County.

3. The Sapulpa Group includes all rocks from the base of -the
Lenapah limestone, mentioned above, to the base of the Pawhuska
limestone and its southern straitgraphic equivalent. The group name
is from Sapulpa, the county seat of Creek County.

4. The Ralston Group is composed of the rocks occupying the
interval from the base of the Pawhuska limestone to the base of the
Permian series, which has been considered to be the Wreford limestone
for a number of years. The horizon is occupied by the Payne sand-

stonel south of Noble County.
STRATIGRAPHY OF THE GROUPS.

The stratigraphy of the main field will be discussed only in a
geneal way, the discussion being based on the resarch bulletins of
the State University formerly referred to in this chapter, and on the
author’s pesonal knowledge of the region.

MUSKOGEE GROUP,

The Muskogee group consists of a series of sandstones and
shales with occasional limestone lentils, and some coal beds of con-
siderable lateral extent. Vertically the group extends from an
unconformity at the top of the Mississippian series to the base of the
Claremore formation, or its probable southern equivalent, the Calvin
sandstone, on the west. The area included within the outcrop of the
rocks of the Muskogee group is included mainly within Craig, Mayes,
Wagoner, Muskogee, McIntosh, Sequoyah, Haskell, Le Flore, Latimer
Pittsburg, Atoka, and Coal counties though the borders often extend
into adjacent counties.

At the State line the approximate thickness of tht rocks of the
group, known as the Cherokee shale in Kansas, is 450 feet. However
the series thickens southward until on passing from Pryor Creek to
Claremore, Ohern and Wolf noted the following section:

Section—Pryor Creek to Claremore.

14. Shale with a few interbedded sandstones .
13. Massive, medium-grained sandstone
12, Shaly sandstone
11. Argillaceous heavily bedded fossiliferous limestone
10, BIUISH SHAIE 4ierersoersonoroscsnssasasossossnnssronssrarsorivsanenssues:s
g. Carhbonaceous shale cappe
limestone

Gray, fine-grained sandstone .
Arenaceous shale

Alternating shales and sandstones
Argillaceous fossiliferous HUMestone ..ceoscevrsoscorssnesorsans [ o

........ . rerseenn

Massive medium-grained randstone

Shaly sandstgPe ..... i d ..... 5 t .............. M
assive. medium-grained sandstone ,....esesessisrarivicesncoraronscenss

Miuteh tified . sandstones 54

Blulsh shale, weathering to a light yellow and a few stral

e
1 Kirk, Chas, T., Master's Thesis, University of Oklahoma, 1904,

.............

L
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The series continues to i i i

) ncrease in thickness southward i

1 . : rd until

;Il‘iiflfowegév:s the follc;v‘gng Aapproxnmate thickness for the series from
Xposure of the Atoka formation of th i

of the Calvin sandstone. A regipn fo the base

Senora formation ........evviiiiiinieiinennnninninns ;

§tuart shale .........
Thurman sandstone .

Boggy shale .........
Savanna sandstone ...........
McAlester shales ..... . .
Hartzshorne sandstone .............. . .
ALORE, FOTTBION +eveunrrnnnvnrnnennnsiriniie et OIS '8(2)38
seseassecenstasssieree 8
Total L ouvrriiiitiiniiiir i ; 9,350

. Thus the series of rocks occupying what appears to-
time-interval as that series which isp Zbogt;t 450 felc)alt) thick(;tbfhzhle{:;gg
line, has increased to more than 9,000 feet in .a distance of about
175 miles,
The Muskogee group is the great coal bearin i
and Oklahoma, though there are workable beds ofg c?aﬁlei;-?tfleK’%ﬁ?::
group yet to be discussed. There are at least seven beds of coal of
commercial importance in the main, fields in the southern extension
of the_Musk.ogee group, while there are two known beds north of th
Canaﬂlaﬁl RLver which seem to be of promise. )
has been assumed by some who have visit ion
the change in thmknegs from north to south is due tf)duflhceonr;g;r?xrilt;h;;
overlapz but after having spent parts of several seasons in that region
the_wrlter 1s, as yet unable to discover conditions which seem to
warrant that hypothesis as accounting for it ir toto though it appears
that ?;t ﬂienﬁmenon has l?lcally contributed to the,increase.
¢ Muskogee group has never been studied i ici tai

north qf the Arkansas River to enable one to seI?a::tes?tf filxiignfrai?tad
iormat}ons. and numbers and it is therefore treated as a siirllo‘ljs
formation in that region, though the Morrow and Winslow formatiog .
?}feTzﬁ(f;:z a}t]'e kx;)own ?js_ f.a:ir north as Wagoner., At the south, -howev;'s

as been -divided i i i i ,
e give;; e pzc;etnto eight formations according to the

TULSA GROUP.

The Tulsa group includes all the

qalv1n-Claremore horizon and the basrtf)c g? lxctl‘:r:le’g %e l:sepof fhe
lclhmestone., or the Coffeyville of Haworth of Kansas IE)St OW;TSO?S
thanges in Ok-l_ahor.na, Ohern, in his University researéh bulletini v
thress, is calling it thg Lenapah limestone. It is the same formatic::
FJ ich the writer tentatively called, in an unpublished thesis, the Tuls

nnestOne”ffom Tulsa south, and that is known as the “Che’cker b 3
limestone” in the region of the Glenn pool. The group outcrops (:;ra

161 Taff, J. A.
Burvey, 190, A Coslgate folio
162 Op. cit.

(No. 74) Geol. Atlas U. 8, U. 8. Geol,
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band about twenty miles wide from Kansas beyond the area under
discussion. The Lenapah limestone has not yet been definitely located
sotith of the north Canadian River, but it is believed that future work
will prove it to be ' the equivalent of a limestone exposed near
Holdenville.

The series included +within the Tulsa gtoup is the southern
equivalent of the Fort Scott limestone, Labette shale, Pawnee lime-
stone, Bandera shale, Altamont limestone, and Walnut shale of
Kansas geologists.

The Claremore Tormation was, for many years, considered to be
the southern equivalent of the Fort Scott limestone of Kansas, known
in the oil field as the “Oswego lime.” In Kansas the formation
consists, typically, of two limestones and a shale, but in Oklahoma
Ohern finds it to be composed of three limestones and two shales,
both of whichk contain coal, so that the Kansas definition is not
applicable to the Oklahoma section, and he therefore proposes the
name Claremore for the formation because it is typically developed
in the hills west of that city. The formation loses its calcareous
nature in the vicinity of Weelaka ‘Mission and the Concharty
Mountains, and th: approximate horizon is taken by the Calvin
sandstone which has been traced south past Calvin to the vicinity
of Ada.

The Labette shales, a name first used and defined in Kansas,
lies conformably upon the Claremore formatior and extends upward
to the next higher limestone, thé Pawnee, in that state. This shale
member is about 200 feet thick at the north end of the Shallow field
east of Nowata, which is somewhat thicker than it is at the State lite.
The upper limiting member of the Labette shales, the Pawnee lime-
stone, coalesces with the next higher limestone in the vicinity of
Watova and forms the Oolagah limestone of this paper, which has not
been definitely identified south of the Arkansas River. The Labette
shales therefore coalesce with higher shales south of that stream,
making a formation which is not yet named.

In order to better understand conditions the next three higher
formations at the Kansas line, the Pawnee limestone, Bandera shale,
and Altamout limestone (Lower Parsons) will be discussed together,

The Pawnee limestone is of variable thickness in Kansas—from
eight to fifty-two feet—but in Oklahoma it seems to be fairly
constant. It is separated from the next higher limestone, the Altamont,
of Haworth, by the Bandera shale from 60 to 100 feet in thickness.
The Altamont limestone is reported by Haworth1% to be not more
than ten feet thick at any place. The Pawnee limestonel5* is about
_nineteen feet thick east of Nowata, the Bandera shale thirty-five feet,

1638 Haworth, E., Vol, IX., University Geol. Survey of Kansas, p. 85.
154 Siebenthal, C. E., Mineral resources of northeastern Oklahoma; Bull, U, 8,
Geol. Survey No, 340, 1908, p. 219. )
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and Altamont limestone thirty-five feet, giving a total thickness of
about eighty feet. The shale continues to thin southward until in the
vicinity of Watova it ceases to be mapable and from Talala Creek
south it is only a shale parting of about eight feet. From the point
where the Bandera shale ceases to be mapable the three members
taken together form the QOolagah limestone which has been mapped
nearly to the Arkansas River, southeast of Broken Arrow. The total
thickness of the Oolagah at the town of Oolagah is reported by some
to be nearly 100 feet. It appears, from all available data, that the
Oolagah and the northern extension of its lower member, the Pawnee,
constitute the “Big lime” of the Oklahoma oil fields.

The upper portion of the Tulsa group consists of shale with coal
and sandstone lentils interbedded, and is called the Nowata formation.
It is the southern extension of the Walnut shale of Haworth’s last re-
port, but that name cannot stand owing to preoccupation. The name
Nowata was first proposed by the writer in an unpublished paper of
1907 and is defined as occupying the interval between the upper
Oolagah limestone and .the Parsons (Lenapah) of Oklahoma; the
former of these limestones has been discussed in this paper as the
Altamont limestone to the point where the Bandzra shale becomes
unmapable when it is considered a part of the Oolagah formation.

At Nowata, where a typical section is expoused, the Nowata
formation is about 150 feet thick, but in the vicinity of Mounds, it
has increased to a thickness of nearly 500 feet, while Taff!56 in the
Coalgate folio gives the following section for what seems to be the
southern extension of the group.

Thickness
in Feet,
Holdenville shale, in part 200
Wewoka formation Cerrersienee oo 700
Wetumka shale .,....o0v000 e 120
CRlVIN SANASLONS 4.t euerniineineineunrorernsesonsenesnnsonssneesesnsnnennsenses 200

Thus it seems that the probable thickness of this group south
of the Canadian River will aggregate nearly 1,200 feet, though it is
only about 150 feet at Nowata. There is only one known coal bed of
workable thickness.. It is known as the Dawson coal, and is operated,
chiefly by strip-pits, from Mounds to the vicinity of Watova. The
largest operations are at Dawson and Mohawk,

THE SAPULPA GROUP,166
The rocks of the Sapulpa group comprise all rocks from the
base of the Lenapah limestone to the base of the Pawhuska formation
(first defined by J. P. Smith),157 as these strata are exposed in the

165 Tatf, J. A., Coalgate follo (No. 74), Geol. Atias, U, 8, U. 8. Geol.
furvey, 1901

166 For detalled discussion see Oklahoma University Research Bull. No. 4,
by D, W. Ohern,

167 Smith, J. P., Jour. Geology, Vol, IL, 1894, p. 199, and Proc, Am. Philos.
foc. Vol, XXXV., 1896, p. 290,
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region under discussion. Neither the upper nor lower limiting
members have been mapped, as such, south of the Canadian River,

The area included in the group has an average width.of about
thirty-five miles and extends from the state line south probably to
the vicinity of the Arbuckle Mountains. It comprises Nowata,
Washington, Osage, Pawnee, Creek, Tulsa, Okmulgee, Payne,
Lincoln, Okfuskee, Pottawatomie, Seminole, and Pontotoc counties in
whole or in part, and probably portions of McClain, Garvin, and
Murray counties.

Included in the Sapulpa group in Oklahoma are rocks which in
Kansas have been described under the following formation names,
taken from Volume IX., Kansas University Geological Survey:

Pleasanton shales, Bethany Falls limestone, Ladore shales,
Mound Valley limestone, Galesburg shales, Dennis limestone, Cherry-
vale shales, Drum limestone, Chanute shales, Iola limestone, Lane
shales, Kickapoo limestone, Lawrence shales, Oread limestone,
Kanwaka shales. The approximate combined thicknéss of these rocks
as exposed in southern Kansas is 1,000 feet. In Oklahoma the
thickness of the group gradually increases until at the Arkansas River
it is probably 1,200 feet or more,

So far as known, with the exception of the Lenapah, none of
the limestone ledges exposed in Kansas persist as far south as the
Arkansas River. The Drum limestone splits near the Nansas line, and
the lower member, which Ohern calls the Hogshooter, disappears
some twenty miles north of Tulsa, while the upper member disappears
soon after crossing the State line. Two limestone lentils, the Dewey
and Avant, come in not far from Bartlesville and persist beyond the
Arkansas River where they also disappear. As the limestones disappera
near the Kansas line, sandstones become prominent and farther south
increases in thickness until they make up a considerable part of the
rocks of the group, although, as in other parts of the general region
occupied by Pennsylvania deposits, shales are the predominatin rock.

No accurate section has ever been made across the southern
part of the region occupied by rocks of the Sapulpa group, and for
that reason it is impossible to do more than to approximate the thick-
ness of the group along the Canadian River, ‘but it is probable that
in this region it is somewhere between 1,500 and 2,000 feet.

In its southwestern extension, the Sapulpa group passes into and
includes the eastern part of the Oklahoma Redbeds, being part of
the so-called Chandle= beds. = (Water-Supply Paper, U. S. Geol.
Survey, No. 148.) '

THE RALSTON GROUP.

The name, Ralston group, was first proposed by the writer in
an unpublished thesis on file at the Okiahoma University in 1907
As defined at that ¢me it includes the rocks in the upper part of
the Pennsylvanian series, beginning at the base of the Pawhusks
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formation and extending to the base of the Wreford limestone, and
its southern continuation, the Fayne sandstone, which has usually
been considered the base of the Permian ;%8 it is in this same sense
that it is here used. The group is exposed as a band averaging thirty
miles in width extending parallel to the other groups described in
this paper from the Kansas line south toward the Arbuckle
Mountains.

" Neither the Pawhuska formation nor the Payne sandstone have
been defini.ely located as far south as the North Canadian River and
consequently the limits of the southern part ot the Ralston group
which is exposed in Lineoln, Oklahoma, Pottawatomie, Cleveland,
McClain and Garvin counties can not be accurately demarked. In
the northern part of the State, this group is exposed in Osage, Kay,
Pawnee, Payne #nd Lincols counties. '

The equivalents of the following formations in. Kansas (Vol.
IX., Kansas Geological Survey), the combined hickness of which is
approximately 800 feet, are included in the Ralston group as the
latter is exposeu in northern Oklahoma. S

Lecompton limestone, Tecumseh shales, Decr Creek limestone,

Calhoun shales, Topeka limestone, Severy shales, Howard limestoue,
Scranton shales, Burlingame limestone, Willard shales, Emperia lime-
stone, Admire shales, Americus limestone, Elmdale formation, Neva
limestone, Eskridge shales, Cottonwood limestone, Florena shales,
Neosho formation. _
. These formations are exposed along the Flint Hills in southern
Kansas, but near the Oklahoma line more of the limestone members
thin out and disappear, while sandstones come in and thicken to the
south. No accurate section across the group has been made in
Oklahoma but it is probable that the group does not thicken to the
south as rapidly as do the groups heretofore described. In fact,
there is some évidence which indicates that ir Lincoln, Pottawatomie
and Cleveland counties _he rocks represeting the southern extension
of the Ralston group are not so thick as they are farther' north. -

The rocks of the group are ordinarily gray, black or blue, as
far south as southern Pawnee and northern Payne counties, but at
about that latitude the color changes and becomes a deep brick-red
and so continues to the southern limits. This area includes the
greater part of the so-called Chandler beds mentioned above.

" PERMIAN SERIES—IN PART.

Above the Ralston group, the sequence of limestones and shales
with occasional sandstones continves uninterruptedly for several
hundred feet. Kansas geologists have described these rocks under the
following names, the oldest below:

12, Wellington shales.

11. Abilene conglomerate.
10, Pearl shales,

168 Beede now considers the ElmdAlé as the provisional base of the Permian »
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Herrington limestone,
Enterprise shales,
Luta limestone,
‘Wiinfield limestone.
L'oyle shales.

Fort Riley limestone.
Florence flint.
Matfield shales.
Wheford limestone,

The limestones of the Chase stage contain much flint, yv*hxchf,
being resistant, withstands erosion and gives rise to a series t}(:
pronounced escarpments which, in sout}{ern Kansas, constitute te
Flint Hills The formations of the Marion stage are less ﬁeixstan,
and form few pronounced escarpments. The Wellington shales are

all soft rocks and weather into the flat 'plains of Kay, Grant and
Noble counties, Oklahoma.

i i dbeds along
In Oklahoma, all these formations pass into the Re :
the 1i:e indicated on the map. Several of the limestones, partllcula.rlz
the Wreford, the Florence and the Fort Riley, extend several ml!._;
into the Redbeds before finally losing their color and merging with
red sandstones and shales. _

This peculiarity of relations is r.epresented on the ma%a in Kazl'
and adoining counties, where there is exposed an area o lr_mn-;er?l
Permian rocks, triangular in shape, bou{xded by the Kansas line, tne
Wreford limestone and the eastern margin of the Redbeds.

ProwaomNwE

CHAPTER XILI.

PRESENT STATUS OF OIL AND GAS DEVELOP-
MENT IN OKLAHOMA

INTRODUCTION

It is impossible to discuss the details of all the oil pools of
Oklahoma in a work of the present limitations. The State is therefore:
divided into two general districts, called the Main Field and the
Minor Tield, and the development is discussed under these captions.

" The main field includes all development in the northeastern part of

the State—that is, north of the main line of the Rock Island Railway
and east of western Kay County—while the minor field includes all
known occurrences of petroleum or natural gas in the Arbuckle-
Wichita Mountain region from Madill to Granite.

In the main field the discussion will be of a general nature
except in the outlying pools such as those at Muskogee, Wewoka, and

Blackwell, where conditions are considerably at variance with those

in what may well be called the central pools which occur under
similar conditions from the Kansas line to Glenn pool, and from the
shallow field to Cleveland. The occurrences in the minor field are
widely separated and are found in formations of two diffcrent ages,
but under strikingly similar geologic conditions. ;

It may appcar to some that too much space is given to the out-
Iving pools of the main field and the occurrences in the minor field,
hut it is the present purpose not only to set forth the conditions under
which the large deposits, alrcady discovered, occur but also to
determine, if possible, the conditiors which scem to limit the probably
prolific territory. It is only by a carcful study of the “edge pools”
of the main field and of the isolate:d occurrences of the minor field,
that such probable determinations can be made. Hence the apparent
over-emphasis laiil upon the outlying development.

HISTORICAL SKETCH

The world’s first deep well drilled with the avowed purpose of
procuring a supply of crude petroleum was sunk in 1859 at Titusville,
Pennsylvania by Col. Drake. The venture was sticcessful and others
followed rapidly. The production of crude petroleum was remunerative

and the oil industry soon hecame established. The news of fabu'ous
wealth won from oil ficlds spragd rapidly.

In a few ycars Ohio,
Indiana and Illinois were producing more or less oil and hy 1884
Kansas was rejoicing over her first gas well.
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~ The Cherokee .and Choctaw Nations, ever ready to avail them-
selves of revenue, were attracted by the possibilities of their domain,
During the year 1884 the Choctaw Council passed a law entitled, “An
Act creating the Choctaw Qil and Refining Company, for the purpose
of finding petroleum, or Rock Oil, and increasing the Revenue of the
Choctaw Nation.” This act was approved and signed by Principal
Chief, Edmund McCurtain, October 23d, 1884. '

The Choctaw law legalizing oil prospecting preceded the
Cherokee law of like nature only a few weeks, for a law entitled,
“An Act authorizing the Organization of a company for the purpose
of finding Petroleum, or Rock Oil, and thus increasing the Revenue of
the Cherokee Nation,” passed the Council and Senate of that Nation
on December thirteenth and was signed the same day by D. W.
Bushyhead, Principal Chief.

Each charter required active operation to hegin' within one year.

Under the provisions of the Choctaw Act, J. . McCurtain,
. N. Wright, A. R. Durant and Allen Wright, were the incorporators
of the Choctaw Oil and Refining Company, while the Cherokee Charter
was granted to Robert L. Owen and James S. Stapler. Both the
Choctaw and Cherokee companies associated themselves with Dr. H.
W. Taucett of New York for the purpose of development. This new
company erected a derrick in the Choctaw Nation twelve or fourteen
miles west of Atoka on Clear Boggy and another at Alum Bluff on
the Illinois River about twenty miles north of Tahlequah. Everything
was progressing nicely and hope ran high, but-Dr. Faucett had faile
to file official notice of the commencemient of work in the Cherokee
Nation, and just two days before adjournment the Council of 1885
repealed the charter of the year previous. This holt from a clear sky
stopped all work in the linois valley. At this juncture Mr. Owen
evinced his legislative prowess by inducing the next council to
reinstate the charter, but the damage had been wrought. Dr.
[Faucett’s New York associates were frightened from the field. He
soon, however, secured assistance from some St. Louis men and
continued work on theé Choctaw well. The Indian members of the
company could not appreciate the cause of delay and their uncasmess
and attempt to force circumstances drove the promoters from the
Cherokee field. The work was pushed forward at the Choctaw well
west of Atoka until Taucett's death in 1888.

The following log taken from the dead pioneer’s note book
represents discovered conditions:
1888,

Choctaw, Indian Territory, Well!

Tocated on a branch of Clear Doggry R'ver, 14 miles weaterly from Ataka,
Atoka County. Choctaw Nation. Owners National Ofl 'rust Co.. of St. Louis.

Reenrd copied from the hook of the Manager—the late Dr. H. W, Faucett.
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Thickness. Depth,
Feet. Feet.

Blate blue (troubled with mud) ....eo0vressees
Sandstone and siate ....... ...?...-....‘.... ””.::"”””””“. e %gg
Sandstone and slate (troubled’ with mud) . . 379
Samdstone 11 1l e S
g:gg;tone and slate (small oll Indlcations) ,....ceoeveveeveecnres 524
EBNABLONG »vnervnrversrnesrnrsren o ——— 10 HH
Shale and hard sand ........ e JOSPRSRISRR ey s 859
BhOLIE vveerseneenrneens e OSSR 68
Slate and shells ...... . 40 724
More sand than slate ,.... ” . . 68 792
andstone (807 feet casing) .:.: 29 821
andsrtone and elate (sand at 833 feet) .....ec0vevvecerens secasene . 12 833
;a.:tgstone (oll at 917 feet tubed and tested, much salt water).... 120 953
Slate and sand Lol % 1008
S18t0, ClERTL +vsvrvrrverreenes ORI . v 36 1058
Slate and shellg w104 1162
g;zaflt:stone (salt water and good show of ofl) . 73 1285
Slots and shelis” 1 i
Slate and shells . s 18 1.77
Sand, shells and slate (300 feet water in hole) ....covvvuvsn veesae 19 1296
gg:gstone (1200 feet water in hole, stnall oil show at 1302 feet)... 12 1308
e o (ol Show ot 1347 Teot oll wnd gav ot 1901 teetd 111110 9 14ld

Still in sand and drilling July 23d, 1888.

) The events just rec_ted closed the first epoch of Oklahoma oil
history. The next serious attempt was made by the Cudahy Oil Com-
pany fostered by Micharl Cudahy of Omaha. '

This company, it seems, secured a blanket lease on the Creek

‘Nation and employed McBride & Bloom of Independence, Kansas, to

drill some wells for them. The first well was drilled during 1894
on what is now a vpart of the Muskogee townsite. Oil was found at
1,120 feet. Drilling continued to 1,800 feet and the hole was lost.
Hole No. 2 was drilled goo feet southwest of the first location. High
grade oil was discovered at 645 feet. This sand was shot and produced,
but as it was only for prospecting purposes, drilling was continued
to ‘1300 feet when for some reason the enterprise was abandoned.
Title to lands could be had in 1904 so drilling was resumed and has
not yet stopped in the vicinity of Muskogee.

- The Osage Council passed a resolution, on the 14th day of
March, 1896, to the effect that they would lease their lands for oil
and gas exploitation. The lease was soon consumated with Edwin B.
Foster. This gave him an exclusive franchise to operate in the
Osage country. The first well, which was located three miles south of
Chautauqua Springs, was sunk during the summer of 1896 to'a
depth of 110 feet and resulted in a five barrel producer. ‘

Encouraged by the prospects at Muskogee, McBride & Bloom,
during the early part of 189y, drilled a well at Eufaula on their own
responsibility. ‘The log of the well shows more or less oil at three
horizons and gas enough at 2,475 feet to fire the boiler. Drilling

was discontinued at 2,575 feet.
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The same firm was running another string of tools on the west
slope of Turkey Mountain, southeast of Red Fork, while the Eufaula
well was going down. This hole was sunk to 1,800 feet without
revealing even a show of oil or gas, '

In 1886 Edward Bird secured a lease on a tract of land west
of Chelsea where eleven producing wells were completed during 1891,
Governmental conditions, however, were unsatisfactory and the
property finally passed into the hands of the Cherokee Oil & Gas
Company, the present owners of the “Big Lease.” This company
had a large acreage of leases but the Curtiss Bill of 1896 forced them
to give up all “unproved” lands, thus reducing .their acreage to
twelve sections.

About 1893 the Cudahy Oil Company had secured 200,000 acres
of leases in the vicinity of Bartlesville at which time they completed
and began to operate several wells which they had formerly drilled as
test holes and plugged. Drilling was begun in earnest and continued
until 1896, when it was cut short by the Curtiss Bill. Like the

Cherokee company, the Cudahy company was shorn of all “unproved”,

territory, and as section twelve, upon which Bartlesville was located,
was the only land thus far drilled, the lease covering it was the only
one approved by  the Interior Department. :Conditions were so

unsettled that nothing was done in that country, except on the

Cudahy and Cherokee leases until after 1904, when it became possible
to get allottee’s leases approved by the ‘Department. Development
has been rapid and constant ever.since that time, and though the
Coody's Bluif-Chelsea, Bartlesville, Copan and Hogshooter fields are
among the best in the State it is believed that the possibilities of the
Cherokee Nation are only beginning to be appreciated.

The first development of consequence in the Creek Nation was
near Red Fork in 1901, when Dr. Fred S. Clinton of Tulsa and
Dr. J. C. W. Bland of Red Fork “drilled-in” the first oil well of the
Tulsa-Red Fork district. Since that time development has gone
steadily on, with the exception of delays due to Departmental inter-
ference, and poor markets. . ‘ g

When the region between Bartlesville and Tulsa had been pretty
thoroughly tested, operators pushed southward and during.the early
summer of 1906, Galbreth and Colcord finished Glenn well No. 1,
which rarked the opening of the greatest oil pool the world has
ever known. : ‘

Arbuckle well No. 1, at Madill, was discovered during the
summer of 1906, and that field is now shipping crude. .

Oil was discovered at Lawton, Gotebo and Cleveland during 1904,
and at Wheeler early the next year, while Granite preceded these
places by reporting oil in 1gor. None of these discoveries, have,
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except the one at Cleveland, as yet resulted in paying quantities of
petroleun. The Lawton field furnishes enough gas for that city, and
Gotebo has -mote than the town can consume. The discovery at
Cleveland resulted in a good oil pool, several thousand acres in extent,
that has paid well but is now on the decline. The Wheeler field
supplies gas for Ardmore, and the gas field at Blackwell, in Kay
County, now has more gas than local domestic use demands, while
the Ponca City field in the same county is able to supply the present
needs of the city. - : :

OKLAHOMA OIL AND GAS STATISTICS

No adempt is- at present made by this Survey to collect data
relative to production and development, further than as it is reported
by the various trade journals and the United States Geological Survey.
The following statistics are compiled from those sources, the Oil
Investors’ Journal of February 20, 1910, being the main basis of the
computations for 1909 production, ' ’

The following table gives the production and value of the oil
of the Kansas-Oklahéma portion of the Mid-Continent oil field from
1846 to the present. .

The Production and Value of Mid-Continent Osl,

Year's - :

Prod. Bbls. Value. Per bbl,
105,630 $ 62,765 $ .50
113,671 51,107 .45

81,098 32,489 .40
71,980 35,990 .60
69,700 62,276 .76
83,418 ) 75,173 901
191,486 164,098 .362
368,849 326,404 .882
1,071,125 1,130,622 1.060
5,617,527 5,447,622 970
12,013,495 6,546,398 645
23,118,648 10.247,550 443
62,476,516 20,617,828 .305
50,453,590 19,172,854 .38
47,918,619 16,771,482 .35
TOtA)S cevvvsocarererossovnacones 195,779,934 $80,723,109 , 568

It will be noted that the field has declined both in quantity and
value of its output since 190y, but it appears that Oklahoma probably
maintained her yield of last year or possibly exceeded it by a small-
amount, .

CAR SHIPMENTS.

Car shipments of Oklahoma crude from all sources amounted to
3,540,650 barrels. Of this amount the pipe lines loaded 1,083,997
barrels and the producers and others 2,456,653 barrels. The. daily
average car movement for the yeal was 9,700 barrels. Most of the
rail shipments were to Texas refineries, although Oklahoma refineries’
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used considerable yuantities and the fuel demand was of marked
importance as compared ' with other years, while during the last -
quarter of the year large shipments were made from Muskogee to the
Standard Oil refineries at Baton Rouge. . g

The car movements of the year were over the Frisco, Midland
Valley, Rock Island and Frisco-Midland Valley railroads. ;

The shipments made over the Frisco.were from Kiefer, in the -
western part of the Glenn pool; Mounds, a few miles south of the
same field; Tanaha, north of Sapulpa in what is often called the
northern extension of the Glenn pool, and from Preston, the little
town that is growing up near the Preston pool at the siding formerly
known as Hamilton switch. No shipments were made from the last
mentioned place until December, 1909.

The Midland Valley loading stations are, Glenn Pool, in the
Glenn pool oil field; Lefeber, a station south of the Arkansas River
opposite Tulsa, and Watkins, a few miles north of Glenn Pool station,
while Muskogee is the Frisco-Midland Valley loading point. .

Of these Glenn Pool was an easy first with a total of 1,363,386
barrels while Kiefer came second with 619,723 barrels, less than half
the amount shipped from Glenn Pool. Minor shipments aggregating
22,047 barrels were made in small quantities from various places.
The following table shows the car shipments in detail.

Car shipments of crude from Oklahoma, by months, in 1909.
(Barrels of 42 gallons.) '

Frisco. |
1909, Frisco. | Mid. Val. | Mid. Val.| R. L Miscel. Totals.

JANUATry .eveveiiees 91,380 109,298 9,669 ..veeren 3,072 213,419
February . 65,018 22,082]. 8,076| vovvvvns leeveeeee | . 96,178
March . . 101,571 72,924 6,604 ..... veee 342) - 181,441
PN <3 o | R 76,573 203,768 3,172 20,797 165| . 303,476
MAY conererranes .. 132,603 188,140 9,418 49,666 102 379,919
Juhe . eeesessuae 141,603 176,812 12,227 26,630 . 1,116 867,387
July ... [ 176,744 155.666 13,522 960 4,419 850,311
August c.oeeieniaeen 98,675 150,922 18,768 767 960 269,993
September ..... vees 123,636 94,895 22,327 384 3,944 246,188
October .....covevns 161,997 163,852 51 166 767 2,189 309,971
NOVEmMDbEr ..ovvevers 82,925 202.499 79,145 .. ..., ees 3,721 368,290
December ....c.ose. 97,771 178.843 127,456] ......... 2,013 406,088

Totals ..vcoovees 1,338,396] 1.718,701 361,550 99,961 .22,042] 3,540,660

PIPE LINE RUNS AND DELIVERIES.

The total aggregate of all pipe line runs during the year 1909
amounted to 44,471,865.83 barrels, or a daily average of 121,84071
barrels, as against 44,103,590.42 barrels during 1908, and 44,475,516.82
barrels during 1907; the respective daily averages of the two years
last mentioned was 120,501.61 barrels and 122,015.58 barrels. E

Deliveries during 1909 aggregated 40,218,279.28 barrels, or
110,187.06 barrels per day, as against 36,672,022.89 barrels or a daily
average of 100,196.78 barrels for 1908. Thus the runs of 1909
exceeded the deliveries by 4,263,586.55 barrels, a daily average of

OIL TRAIN LEAVIN G BARTLESVILLE,
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11,653.65 barrels, while the 1908 runs exceeded the deliveries by
7,431,577.53 barrels, a daily average of 20,304.83 barrels.

There are no statistics available which give Oklahoma runs
exclusively. All include the Kansas runs of the Prairie Qil and Gas
Company, but since Kansas production for 1907 was only 2,409,521
barrels, and during 1908 it went off more than a half million barrels,
it is only fair to assume that the pipe line rvus of Kansas crude for
1909 did not exceed 1,000,000 barrels, though production doubtless
was more. Since the total Oklahoma-Kansas runs of 1909 were
44,471,865.83 barrels the Oklahoma runs are estimated to he
43,471,865.83 barrels. Add to this the rail shipments of 3,540,650
barrels and we have a. total of 47,012,515.83 barrels. Tankage,
‘however, was drawn upon to the extent of 111,326.04 barrels during
.December and less this should have been counted both in being run
to and from the tanks it is deducted, leaving an approximate total of
46,901,180.79 barrels for Oklahoma’s 1909 production, as against
45,798,765 barrels for 1908.

The following tables set forth the pipe line movements, by
months, in detail.

Pipe Line Runs and Deliveries for 1909, by Months.

Prairie, Gulf, and Texas companles, {ncluding Kansas,

1509, [ RUNS. DELIVERIES.

| Barrels. | Dally Ave. Barrels,” | Dally Avg.
January ... 3,664,267.44 122,406.63 3,149,098.78 101,683.82
February . 3,267,781.65 129,398.11 2,699,104.62 96,396.69
March ,. . 3,789,644.44 139,587 .99 3,188,295.90 102,848,24
April . 8,439,825.86 137,492,562 3,280.263.36 109,342.11
May ... 8,696,784,70 122,710.14 3,403,536.85 109,791.51
June .. 4,032,635.37 132,849,12 8.253,015.95 108,433.88
July sievsinennenns 3,680,985.18 163,646.76 2,909,626.64 93,858,93
AUBUSE .viievenins 3,826,468.89 134,097.16 3,720,839.26 120,027.08
September ,,..... 8,861,888.73 | - 133,973.22 8,667.835.73 121,927,85
October ...esovveos 3,829,866.23 136,166,856 3,678,639.76 118,662,568
November ,.aeocess 8,796,698.57 131,935.68 3,678,154.87 122,606.17
Decembder ..,c.ooe. 3,686,630.37 132,115.54 3,599,967.67 116.127.98
Totals ........]  44,471,866.83 | 131,840.71 40,218.279.28 | 110,187.06

Tanked.
Barrels. Dally Avg.
I 1909 tuienernreestesnsrassrerosnsiassersriocisarees 1,262,685.62 3,431,74

The number of barrels shown here includes oil purchased in.
steel storage.
Taken out of Tankage.

1909. Barrels, Dally Avg.
DECeMDEr vovvvrrernscncsvesnsvrorssrrsssssssarocsnsss 111,326.04 8,691.16

STOCKS.

The stocks of Mid-Continent oil on hands January 1, 1910 is in
excess of those on the same date a year ago. . The following table
gives the latest available data on the amount of oil on hands
January 1, 1910.
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Pipe Lirie Stocks of Mid-Continent Crude.

Barrels.

Jan, 1, 1910. .
Pralrie O. & C. Co.. . 50.644,220
Guif P. L. Co., (Est.).. . .5,377,5 0
The Texas Company, (E . 2,_071, 00

sssssnsesessaceses 48,003,530

TOtalS vevvveeoreaverssnnvessoonieseseas PERRERET RN

*Includes only Oklahoma crude stored in Oklahoma. It ir estimated that
these companjes gn January. 1, 1910, had 3,224,000 barrels of Oklahoma crude stored
in Texas, making a totsl of 51,318,630 bariels of Mid-Continent oil held by the
three principal pipe line companies’ in the Southwest. In addition the Eastern
lines had 3,912,296 bar.els of Mid-Continent oll on January 1, 1910, indicating
a grand total of 55,280,825 barrels of this grade of crude in the tanks of the
principal pipe line companies at tiiv first of the year 1910,

All Stocks of Mid-Continent Crude.

Jan, 1, 1910. Barrels,
Prairie. Gulf and Texas Co0.'8 +.eevvvnnres Ceeesesesiasnarsrarsenanns eesses 61,318,630
Eastern Pipe Lines .,......0uu. .e 3,912,295
Producers and refinerles, (Est.) ......0... 7,000,000

ceeevs. 62,230,825

Total oivieeriinniiiieriinirionsanes T

FIELD DEVELOPMENT.

At the 1909 meeting of the Mid-Continent Oil and Gas Producers’
Association a motion prevailed to curtail development in the Oklahoma
field as much as possible. This action was provok~d by certain
rulings of the Secretary of the Interior which made pipe line building
across certain Indian lands almost impnssible, and by a bill, then
pending in the  State Legislature, which proposed to make the
operators of any and all domestic pipe lines, that crossed the public
highways, both common carriers and common purchasers of oil, and.
to compel all foreign pipe line companies to domesticate. .

As a result of the untiring efforts of the Association the rulings:
of the Interior Department have been greatly modified so that pipe:
lines may now cross the formerly forbidden Indian lands and in some,
other respects operating made less difficult. The threatened State’
law failed of enactment and the great pipe line companies, which are
the principal purchasers of crude oil have taken out State charters
so that the year 1910 has opened with a rising market and development-
is again resuming a more normal attitude.

In spite of the attempted restraining of development and the’
depressed condition of market there were 2,771 wells completed within -
the State during 1909, being 29 more completions than were reported
for 1908. Of these 2,522 were oil wells, having an initial daily
production of 200,603 barrels, which was 33,397 barrels less than the
initial production of 1908. Only forty-six completions resulted in
gas and but 203 holes drilled were dry.

The following tables show the results, by months, of drilling
from 1904 to 1909 inclusive:

TANK FARM AT RAMONA.
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Number of Wells C ompleted in Oklahoma, 1904-1909, by Months.

Jan. |Feb. . [May |June |July |Aus.|Sept. . [Nov, |Dec. ITotal_
.o covel veo 361
69 79 231 195§ 237 221 3C5| 380| 2,610
310} 286 404 218] 222 142 96| 180) 2,779
163] 174 366 899 864| 439 361| 241} 3,956
194| 162 229 224 282| 246 325 332[ 2,844
2560] 272 284 214) 189] 160 163 158| 2,761

Number of Dry Holes Drilled in Oklahoma, 1904-1909, by Months.
Year. Jan. [Feb, Mzay |[June [July |Aug.|Sept. Nov, |Dec. [Total
WM evvonne] oooef ooee eees P I [ 97
1906 eevveves 13 14 30 3 26 30 31 363
1908 cevenase 86 41 39 29 32 19 9 20| 348
1907 seeaenee 13 15 27 43 32 33 31 20] 318
1908 sovvaeen 23 11 22 18 38 28 25 28| 284
1909 soveennn 18 17 29 16 15 ] 13 8] 203

of Gas Wells Drilled in Oklahoma, 1904-1909, by Months.

Jan. [Feb. Apr, |[May |June |July Aug.|Sept. . |[Nov. |Dee. |Total

P 4 6 9l 17 6 16 6 98

9l 17 19 71 14 17 © 4 14 163

6f 14 16 13; 10} 10 14 9l 148

. . ‘16 8 7 7 8 11 13 7t 102

1909 ioeenn 4 1 0 3 0 6 9 6 46

. Number of Oil Wells Drilled in Oklahoma, 1904-1909, by Months.

Year, Jan. |Feb. May |June |July [Aug.|Sept. . |[Nov. |Dec. |Total
.. N I T voee) wees 279

46[ 61 186 1656 190 189 251 3437 2,059

266] 227 346 182| 176| 106 83| 146| 2,268

131 145 313 343| 322 396 306 212} 8,390

166 143 200/ 199| 236] 207 287 317] 2,668

228| 2b4 266 196{ 174] 149 141) 144] 2,612
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total sales of $860,159.00, the total produtcion being estimated at
11,924,574,000 cubic feet. This was more than twice the estimated
production of 1907 which was 4,867,031,000 cubic feet, with a value
of $417,221.00. The increase of the production of 1909 over that of
1908 is doubtless greater than that of 1908 over the preceding year.
Large quantities of gas are used for iindustrial purposes, the prices
ranging from one and one-half cents per thousand cubic feet, in the
most favored localities, to fifteen cents in more remote regions, while
domestic rates are twenty-five cents per thousand cubic feet, except
in one or two regions where the supply is limited and coal or wood
is scarce.

In the regions of the largest fields industrial gas is often used on
a flat rate, that is a certain fixed monthly charge is made for the
plant. The same is occasionally true for domestic purposes. This,
however, is a poor practice from every view-point. The consumer
often wastes the gas by careless usage, while the producer supplies
more fuel than he is paid for. Domestic consumers on a flat rate
often leave the fires burning all night “because it is just as cheap.”
This is also a pernicious practice, for if the pressure should be
checked for a short time by any cause, the fire would be stopped, and
suffocation would very likely result when the gas resumes a
normal flow. : .

During 1909, forty-six gas wells were completed. Their total
initial production is not known, but it doubtless aggregates many
mililons of cubic feet, as the Oklahoma wells which are reported as
“gassers” range from 2,000,000 to 40,000,000 cubic feet daily.

The following is a partial list of Oklahoma towns which are
supplied with natural gas for domestic and manufacturing purposes,
excepting Lawton and Ponca City, which have domestic gas only:
Bartlesville, Cleveland, Tulsa, Ramona, Collinsville, Pawhuska, Ponca
City, Sapulpa, Muskogee, Claremore, Inola, Ochelata, Bigheart,
Nowata, Lenapah, Delaware, Skiatook, Oolagah, Gotebo, Okmulgee,
Blackwell, Wagoner, Owasso, Vinita, Lawton, Mounds, Morris, Beggs,
Coweta, Bristow, Stroud, Chandler, Shawnee, Edmond, Guthrie,
Oklahoma City, Wheeler, and Ardmore.

The following table gives such data as are available concerning
the natural gas industry of the State:’

Record of Natural-Gas Industry in Oklahoma in 1906, 1907, and 1903,

| GAS PRODUCED GAS CONSUMED WELLS
YEAR No. of Pro- Val No. nf Consumers DRILLED Produc-
ducers slue Domestic llnduu(rial’ Value Gas | Dry tlve}ll.)t:c.
1906 ...... 50 $269,862 8,891 202 $247,282 81 33 239
1907 ...... 107 417,221 11,038 277 406,942 929 41 a344
1283 ...... b165 §60,159 17,567 356 860,169 73 40 c374
L T T R R P I L T

a, Includes 87 wellg “shut in" in 1907.
b. Includes 40 companies using gas from oll wells only.
c. Includes 100 wells “shut In’ in 1908.
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Statistics for the gas production of 1909 are not available and
it is hard to estimate—even approximately—the probable sales,
because of the fact that a Federal Court granted a temporary injunction
restraining the State from enforcing . the law forbidding the piping
of gas beyond its boundaries. After the granting of this injunction,
'gas was immediately piped out of the State in greater quantities than
ever before; therefore statistics for previous years are no criteria
for estimates of production for the past year. If this temporary order
becomes permanent and the State is not allowed to conserve her gas
supply. for the development of her vast deposits of raw material, in
the manufacture of which gas is the most desirable fuel, it is safe
to say that the gas field will doubtless develop more rapidly ‘and
that the State will soon become the first in the Nation in the
production of gas. It is also apparent that the interests controlling
the gns output wil] realize more largely on their investments under
the ruling of the Federal Court than under the present State law, but
the State manufacturing possibilities in Portland cement, clay, and
gypsum products, lime, glass, the smelting industries, cotton manu-
facture, and mills generally will be greatly hindered, so that the
ultimate loss to ‘the State wid be billions of dolars in profits and
property and hundreds of thousands of inhabitants.

OCCURRENCES OF OIL AND GAS IN THE MAIN
FIELD

INTRODUCTION.

As defined at the beginning of this chapter the main field
includes a:l occurrences of petroleum or natural gas north of the main
line of the Rock Island Railway, frorv Oklahoma City to Memphis,
and east of a north and south line passing through Kay County west
of Blackwell.

There have been discovered within this region, a number of
large oil and gas pools, some of which, notably the Hogshooter gas
field, and Glenn pool oil field, are world renowned.

The fact that operations began in what is now Oklahoma before
county lines were established led to a grouping of the production
according to Indian nations in which the development was located.
This grouping, though very awkward at present, still obtains. The
following is a list of the principal pools in the main field:

" Cherokee Nation, shallow sand :~—~Delaware-Childers, and Coody’s
Bluff-Chelsea pools.

Cherokee Nation, deep sand:—Canary, Copan, Wann, Jackson,
Cox, Webber, Ross, Hogshooter, Rice Creek, Wilson, Silver Lake,
Bartlesville, ‘Chambers, Caney River, Ramona Bird Creek, and
Flatrock pools.

Osage County:—Bigheart, Nelagony, Pawhuska, and Prue pools.

Pawnee County:—Cleveland pool.
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Kay County.—Ponca-City and Blackwell gas pools.

Creek Nation:—Glenn, Redfork, Morris, Baldhill, Tanaha,
Preston, Henryetta, and Haskell pools, and the two pools at Muskogee
known as the townsite field and Chicken farm pool.

Seminole County:—Wewoka pool.

THE CHEROKEE FIELD

The oil and gas fields of the Cherokee Nation are in two general
areas, one known as the “Shallow Field” and the other as the
“Cherokee Deep Field.” Of these, the former extends from Delaware

and Childers southward along the Verdigris River to a point about

five miles west of Chelsea, wkhile the latter consists of a number of

scattered pools. scattered throughout the greater part of Washington -

County and northern Tulsa County.
THE CHEROKEE SHALLOW FIELD

The shallow field consists of two large pools, tiie Coody’s Bluff-
Chelsea, and the Delaware-Childers, and a small pool on California
Creek about two miles north of Nowata, '

Of the two largest fields the Delaware-Childers hzs been most-

active during the year of 1900. The operations resulted in extending
the known limits of the pool toward Delaware. The wells brought in
were surprisingly large for the district and caused considerabie local
congestion. This, however, has been relieved by added facilities for
storing and transporting the oil, so that conditions, though still active,
are normal. The Coody’s Bluff-Chelsea field has been active but it
has attracted less attention owing to the fact that its limits have been
fairly well defined for several yeéars.

In the year 1909 there were 1,333 completions in the entire
shallow field.
wells. The average daily production per well was a little more than
65 barrels.

THE COODY'S BLUFF-CHELSEA POOL.

The Coody’s Bluff-Chelsea field extends along the Verdigris River,
east of Nowata, from the NE. cor. T. 26 N, R. 17 E. to a like point
in T. 23 N. of the same range. The productive area attains its
greatest breadth, about six miles, in the vicinity of Alluwe, while
the narrowest point is about three miles east of Nowata where the
width ccarcely exceeds two miles. In area this is the largest field
in the State.

The wells of the northern part are from 450 to 600 feet deep,
depending mainly on the varying surface elevations, while oil is often
found at not more than 200 feet in the southeast portion of the field.

The rocks of the region consist of limestones, sandstones and
shales of lower Pennsylvanian age. The wells are all started within

Of these eighty-eight were dry and four were gas-
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the horizon of the Tulsa group as defined in this report, while the
production is found within-the Muskogee group below. The wells
in the extreme northern part of the field are commenced above the
Pawnee limestone and since they finish in the same sand as those
at the south end of the field, which are begun a short distance above
the horizon of the Claremore formation (Oswego lime) they are
correspondingly deeper.

The producing sand of the Coody’s Bluff-Chelsea field is
correlated, by some, with the Bartlesville sand farther west. There
are not sufficient data at hand to either confirm or disprove .this
correlation, but, owing to the lenticular character of the sandstones
of the region, this field seems rather remote from the Bartlesville
region tc definitely correlate with that sand.

The following logs from this field are representative of
condi{‘ons: _

In NW. 34 sec. 19, T. 25 N., R. 17 E., about one mile northeast of

Alluwe,  Authority, Lightning Creek Oil and Gas Co.

Thickness. L'epth,
Feet. Feet,

16 16
4 20
15 35
8 38
30 68
6 73
10 83
.................................................... 29 112
Limestone (base of Claremore formation) ...eceeseseess 6 118
Sandy shale e ve 3 121
Shale ...... 16 137
Shale .... .. 273 41¢
Oil sand .. . ve 12 422

Bhale cveesennass teetretieseeisrenann tevssesrrananasnes ‘es 42% 46414

Well in sec. 35, T. 26, R. 16 E. on hill west of Verdigris River Bridge
east of Nowata.

Thickness. L'epth,

Feet. Feet.

Shale .ievverererensenrcnrinessnsoranes ceasee 45 45
Limestone (Altamont llmestone) ........... . 40 85
2] B S 5 90
Limestone (Pawnee limestone) ...vvcvvvneess 16 106
hale L. e serrveinrssennsnrirscosssorsararsrssoras vevees 160 255
Limestone (Claremore formation) ......evveveeecovcscns . 100 866
Sand v.eeeeeenenn tebniesserrtosrenns veres . 25 %85
Shale sievesrenrrorerrniensconnssinnss 400 786
[1:51 s R 40 826
Shale ...eveeee 20 845

This log does not show the separate members of the Claremore
formation (Oswego lime) as it should.,

Structurally the Cuvody’s Bluff-Chelsea field is anticlinal. The
fold plunges toward the north and disappears near the north end
of the development, while southward the rocks level up and have
assumed their normal westerly dip by the time the big Cherokee Lease
is reached at the southern end of the fild.
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A sample of oil collected from a 400 foot well, near Alluwe}
by Horace M. Adams and sent to the United States Geological Survey
for analysis was ¢f a dark green color, tested 36.4° Baume at 60° F,
and began boiling at 67°. This oil contained 6.14 per cent of paraffin
and 0.55 per cent of asphalt. AnotlLer sample taken from the same
neighborhood was of a greenish black color, tested 36.4° Baume,
at 60° F., boiled at 65° F., and contained 2.89 per cent of paraffin,
and 4.01 per cent asphalt. The third sample from this region was
taken from a well, 500 feet deep, near the west side of the field,
It was of a greenish black color, tested 34.3° Baume at 60° F. The
paraffin content was 9.10 per cent while the asphalt amounted to
only 1.26 per cent.

THE DELAWARE-CHILDERS POOL.

This pool lies between Delaware, a station on the Iron Mountain
Railway about six miles north of Nowata. and Childers Postoffice
seven miles to the east. Tt is roughly triangular in shape, its greatest
extension, which is about six miles, being east and west. Its greatest
breadth is three miles. The total arca approximates eight square miles.,

The depth of the wells in this pool varies from 670 to 830 feet.

The rocks of the Delaware-Childers pool cousist of lower.
Pennsylvanian sandstones, limestones and shales. All of the wells
are started within the horizon of the Tulsa group, but higher up in
the series than are the majority of the wells ¢f the Coody’s Bluff-
Chelsea region. Drilling in the west end of the pool is begun, except
perhaps in the stream valltys, in the Nowata formation; while at
the eastern end, the wells are started at or near the Pawnee lime-
stone. The oil is found within the Muskogee group in what seems to
be the same sand as that in the field previously described. It there-
fore may or may not be the Bartlesville sand.

No logs of wells in this field are at hand but in all major
features it should be about the same as those given in the discussion
of the Coody’s Bluff pool.

A sample of oil, from sec. 35, T. 27 N, R. 16 E., (Susan
Conner’s lease) analyzed by the Federal Survey, was of a dark green
color, tested 35.7° Baume at 60° F., boiled at 80° F., and contained
4.51 per cent of paraffin and o.75 per cent of asphalt. The well
sampled was 735 feet deep. A second sample taken from a well, 812
feet deep, on the Wolf lease in sec. 31, T. 27 N., R. 16 E., was light
green in color, tested 34.8° Baume at 60° F., boiled at 65° and con-
tained 4.18 per cent of paraffin and 1.69 per cent of asphalt.

¥

...} Ravtlesvile Trd.Ty. Lookiri¢ S.W.

OIL DERRICKS IN BARTLESVILLE.
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CHEROKEE DEEP FIELD

The Cherokee deep field consists of seventeen major pools,
besides several minor ones not ‘mentioned in the list given ‘in the
above. introduction. Detailed data on each of these pools could not
be had and the discussion is therefore of a general nature. The
pools of the Cherokee deep sand lie mainly west of the range line
between ranges fourteen and fifteen east and the Osage line on the
west, and are found at intervals between the Kansas line and Tulsa.

The largest single field in the group is the region immediately
surrounding Bartlesville and extending to a point about four miles
north of Dewey, known as the Bartlesville field. As was stated in
the historical sketch, some of the earliest discoveries in the Cherokee
Nation were made in this pool.

The rocks of the region consist of alternating limestone, sand-
stone and shales, belonging to the lower part of the middle Pennsyl-
vanian series. With the possible exception of those in the Flatrock
and one or two other minor pools, all wells in this region are started
within the horizon of the Sapulpa group as defined in this paper.
The wells in the north end of the Bartlesvil's field are begun above
the hotizon of the Dewey limestone as defined hy Ohern. This
limestone, however, disappears from the section before Canary pool
is reached, and the wells of. that pool are started a short distance
above the horizon of the Hogshooter limestone. From the available
data it seems that the greater part of the wells, at least.in the northérn
half of the Cherokee deep sand region, procure their production from.
the Bartlesville sand. There are a few small pools, however, the
production of which does not come from the Bartlesville sand, while
some of those that do produce .from that horizon, especially northwest
and northeast of Dewey, produce from a bigher sand as well as from
the Bartlesville.

. From such logs as could be obtained it appears that the
Bartlesville sand occurs within the horizon of the Muskogee group.
That is, all those wells which produce from the Bartlesville sand
penetrate the Claremore formation which is the Oswego lime of.
the drillers.

The following logs will give some idea of the records of wells
in the Cherokee deep sand, but many of them seem to have been so
carelessly kept that it will be impossible to definitely correlate the
formations The general geological conditions can be pretty
accurately determined by reference to the geological map and cross
sections given in a previous chapter of this report.
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Bell Oil Co. on Wm. W. Lowery Allotment in sec. 17, T. 28, R.

about six miles east of Copan,

10 inch casIng ..vcvvvvrrieriverrensersoroceans Ceseansansons

...... assarresenrsevsssoce

Lime .........
Lime .........
Shallow sand .

Shallow sand ............. N Casasescesrreasteereanas
Big lime ,...c.viiivieiennn e aeer iy T T B

Blg lIme ..oviiiiiiiiiiniiiniirsraseiniicsessasnns erreianans
OSWego 1IMe ..v.vvuiniirriirnerenvionnorvannoas [ tenssassereenan
Oswego lime .....iiiiiiiiiiiiirvniiiiiiiiiaonaeneane tederesrrarinannn .
Sand (showing of 8as) ....ivviveiiririineeennenns Cerresraresrrenans P .
Sand (showing of 8a8) ....viivervrinvenriannns ereseersetianrescsasrranianne
1 1 1 S eivaesesarenaenertatenaenrenne

122 21« veoenn eseeses
Lime ....... ersreseaer s eee ey Cereveas vearas rreeenesesses

DePth tiieiinrisrennrsctnennisersoneeirnrsies seteanerasenssieanas

cesrrserssseen

Well in sec. 6, T. 25, R. 14 E., about twelve miles west of Nowata.

Thickness.

Feet.
¢ P Cereareas reearvene 4
Clay ..... T S ceeresreseseannves 30
Gravel ... ieiiiiiieiiniieeiererianesees everene eenes .. ]
Shale «.ii.iviieenenrniinnnens erentensans verean cevsrernae . 20
Sand ...ciecirivsrieinecenns Brsreecrenaaneranas [ 30
Shale ...oiviriiieeiieioiionenneenrnnes 88
[ 11 o L 12
Shale ...vvieievierninreesionnnes Ceereeererens esseases ... 108
Limestone .....occovvvveeenianes eesenes Ceeaes cesrrerense B 18
Shale ...ieerirrireiiainsssrerecenesoesanreeaans vesesecans 90
LImestone ...vveiireinseanssesisnnssvoasnnns . . 35
Shale ..iiiiieieiiinirereiiiinnes 3
Limestone 40
Shale .... 156
Limestone 30
Shale 6
Limestone 30
Shale .... 4
Limestone 10
Sand ...... .. .. 40
LImestone ....ieeeeerrerrecrioresannssosas 8
Shale ,...cevveeenns cereaas [ ceresses 130
£ 7 2 U 20
Shale ......... et e e s O § 14
Shale ,.i......0v00e settisarnsesecees P 20

Tlepth,

Feet,

Well five miles southeast of Bartlesville in T. 26 N. R. 13 E.

Authority, Gilchrist and Weaver, Contractors, American

0il Co.

Thickness.

Feet.

‘28

214

40

Water sand ..... 15

- 1 - [ . 250

Sand (heavy oil LhowIng) .......ovvvvvevnnnnes .e 20

Shale ............00 et irraerenes 5

LIMe tivvvevirinsnnerneranenen ceus 90

Shale .iiviiriiiiuierirnisnareonnnnesennenanns 10

Peru sand ........ Cevatesecnantassasastssasanns . 40

NBJE seseenssrtoncessescnsrasasercoserstonsonssasscsssnss 120

Lime, (OSWEeE0) ..ovvvevncrenrivesannss 85

Shale ....... Cesseeseiseniiaebenany 810

Of) Band ., . .vintiinnnnnnnnnens , 8

Shale to bottom ..... Cieves Gevensecrertaasseneenssocnaans 26

L'epth,

Feet,
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I sec. 23, T. 21 N, R. 13 L., about three and one-half miles eas: of
Turley. Authority, R. H. Johnson.

Gas, 1062-1080; first ofl showing, 1120-1128; second showing of of}, 11421-)1116?.

epti,

. Feet.

Gag and WALET ... uvreeurersoreerronrsrcensocssrssaserororsusnsorssansoses 86
TOp Of 1iMe ..vvvvrivorassesnonasnossnnes P T P 1.1 1
Bottom of lime ..... D S PP -
Top lime «vvvvunes seeerarerransienas P : T 1.}

Ga8 SANA v ovevivierroianrenerstreestatssascnsrtsasssssasrccersserasenesssee 069
Bottom 1IMe .. ..vevesrrsaqgrvesersesssssasessssercsssssssosssesnssnsnnsesss D84
TOD Watler Sand +vv.ivvurvrasvscnseecsnssecssasressrrsssesossarssessasens D34

Black shale .........00.0 D 171
Shale black +v.vveennenen S eesaeneareesrerrarsersarbane 665
Lime ..iivevvennnrecnnnenes ceniaes 680
White shale .....eeepees crevnrasnne 700
L2 £ 1 706
Black shale .vevveiiiiiecennrrrrenennrennne 710

WHILE SRAIE .. vniinriansensvnssensennsoneeansone e o 130

Sand shells «eevvurses, et iee e esientaaretiberearorns Getestessenanaee 118
Black Shales ..evuvvrecorenrsenessoroossnercsnenssnnss T .13 |
Lime ........ . . 866
Black shale . 876
White shale 896
Black shale . 1042
‘White shale 1062
Sand, gas .. 1052-1062
Sand, good gray 1062-1080

Top of oll sand RPN . . 1080
23.000,000 gas well.

The normal structure of the region is monoclinal, with low dips
westward and northwest. The normal dip, however, is occasionally
interrupt!d by entire reversals, thus forming what is technically
known as anticlines. The writer has, from time to time noticed
anticlinal folds in various parts of the region now under discussion,
but time and funds have thus far forbidden a careful study to
determine whether or not there seems to be any relation between
structure and accumulation. There are, however, a number of places,
such as the Hogshooter field, a portion of the Flatrock pool and in
the Bartlesville field, well defined anticlinal. arches to which the
production seems to be pretty closely confined and it has always been
the writer's opinion that these anticlinal folds have to a marked
degree controiled the accumuiation of oil and gas within these fields.

A sample of oil taken from well No. 4, 1,200 feet deep, on the
Williamss lease north of Dewey, was of dark green color, tested 32.7°
Baume at 60° F., began to boil at 103° C., and contained 6.07 per
cent of paraffin and 0.47 per cent of asphalt. Another sample from
2 2,150 foot well in the Webber pool was black in color, tested 38.7°
Baume at 60° F., began to boil at 80° C., contained 3.68 per cent of
paraffin and 1.06 per cent of, asphalt. Both of these oils yield less
than ten per cent in voluyme on evaporation below 1500 C. :

OSAGE COUNTY.

The oil and gas production of Osage County is located in the
eastern third of the county. Development has been extensive in local
regions. The first development was just south of Chautauqua
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Springs, Kansas, but it has never resulted in more than a compara-
tively stnall pool. The two regions of most extensive development are
just west of Bartlesville and in the region between Matoaka, Wash-
ington 'County, and Avant. Small pools have been discovered in a
number of other places, notably northwest of Tulsa and in the
region from Bigheart to Pawhuska.

In 1896 a blanket lease was granted covering the entire Osage
Nation. This was renewed in 1906 to extend for another ten years.
The cornpany controlling this lease has done little or no drilling as a
company, although many of the individual mzmbers own production
in Osage County. The development has been accomplished by sub-
leasing to oil operators. In order to facilitate the letting of leases
the company divided that portion of the county adjacent to the
Bartlesville-Tulsa development into lots, one-half mile wide by three
miles long, extending east and west, except those lots which occur
south of Township 29 north, and eact of range 11 east, which are
three and one-half miles in length. The lots are numbered beginning
at the northeast corner of the county, in consecutive order from that
point southward to the southern boundary, thence northward on the
second tier to the state line and again southward on the third tier.
Hence a detailed discussion of the region usually refers to Osage
County by lots.

Operating activities were considerably hindered in Osage County,
during the last half of 1909 by some legal questions which, however,
were settled and operations have again begun to be normal. So far
as reports show there was nothing of phexomenal interest developed
in this county during the year, but such drilling as was done only
tended to increase the developed territory and maintain the general
output. There were ninety wells drilled within the year. Of these
ten were dry, ten produced gas, while only seventy were oil wells.
The initial produtcion of oil was 10,445 barrels, being an average
production per well of 149 barrels per day, or an average of nineteen
barrels per well better than the Cherokee completions, which were the
second best in the State.

The rocks of this portion of the country are of middle Pennsyl-

vanian age and belong to the Sapulpa group, as defined in this
report. They consist of alternating, heavy bedded sandstones and
shales with two heavy limestone lentils in the southeastern portion
of the county. Nothing has ever been published on the detailed
stratigraphy of Osage County, though in 1909 a field party with
C. D. Smith as chief, collected data on northeast part of the county
for a folio to be published by the U. S. Geological Survey.
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The normal structure is monoclinal with low dips to the west
of northwest. These normal dips, however, are occasionally inter-
rupted by terracing and anticlinal folling which results in arrested
anticlines and true anticlines. As in the regions previoulsy discitssed
the relation of the oil and gas development to the structure has not
been determined in detail. However, several pools have been
developed which have an elongated extension which suggests that
there is some intimate relation between the structure and production,
Evidences of anticlinal folding are often noticed in the region of
development, while many dry holes are known to occur in the
vicinity but they are often well removed from the effects of the
folding. The following logs which are from various parts of Osage
County, give an idea uf conditions as reported by the drillers.

The first well drilled in Osage County was by McBride and
Bloom, contractors of Independence, Kansas. It was drilled about
three miles south of Chautauqua Springs and starts at about the same
horizon as the well on Lot number 32 and therefore passes through
approximately the same formations. No correlations are attempted.

Three miles southfof Chautauqua Springs in northeastern part of
Osage Nation. July and August, 1896.

Thickness, . Lepth,
Foet, Feet.

BOIl «iiriiiinnniiineninienerrirsrenronariantineertaeenees " 16 15
Brown sand .... 10 25
Clay and gravel 36 60
Bhale ...ievneness 40 100
g;nii ................................ 20 120
L L 100 220
Soap stone ..... 230 460
Sand and shells 10 460
............................. veseses 40 500
Gray Blate ..veveievercrcesccsorveseonns eee 100 600
Sand ces 90 690
40 730
10 740
20 760
15 776
15 790
75 865
10 876
lgg 876
.................................... 990
Shale ..ceeveencnrens soesons 86 1026
Limestone ....eevveicenenns 26 1060
8and Jiieeeae ertessscsecnsane . 5 1066
T veesesenn veeease 20 1075
Band 8hale veeeeviicnrnirennrcsccsesccscenssconenss “eenee . 26 1100

' The following log is of a well located on Osage Lot number
thirty-two, about five miles northwest of Bartlesville. This well
sarted down about the horizon of the Gtanton limestone of Kansas,
\yhich is occasionally found on the tops of the hills along the Osage
line from a point about four miles northwest of Bartlesville to the
Kansas line, It is probably about the horizon of the LeRoy forma-
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tion of Kansas. Further correlation of the formations passed through
is not attempted here. By reference to the map accompanying this
report one can probably determine the formations drilled through.

Well No. 12 in Lot No. 32 in the Osage Nation. Autherity, Indian

Territory Hlwminating Ol Co.
‘Commenced producing June, 1902; pulled and plugged July
41, 1900.

Thickness. Lepth.

Feet. Feet.
Sand and gravel .......ierreeniiiiiriranesiiareiarraes 35 35
TIUE MU ottt ttieranerorsnnvsrrnseertrasasoerrsssoasssss 53 8
[ s | S R R eesiseaneces 4 92
TIATH SNALE vivrrvrrrnaeecaosrnsanscsnrrareteasssrsens 10 102
BT L T T R R RE RN R R 7 109
Light Shale ....veieiiieernieisennersncennane nnases 14 123
L T - T T R R R evenares oo 28 151
TAZNE Shide o oovrviiainersseeenenerneisennanencens eeeaes 88 239
T P Y T O R 28 277
TABHE SNAIE c.vvvurenrvnnrrerciesanesnnronatanauarssenes . 47 324
LT Y I R LR R IR 24 348
Light shale ,,........ . 206 654
LY TS - T R R TR R RRR AR A 31 585
R T C 1 1T TP L R .5 590"
Ak SHale o uvveieirrrrernerassstrorsorosstiasancsrervees 10 600
TAIME . vivverrannnreonsanrrsesas veeee 20 620
TABIE SHANE . uvvernrrrrrnrncninensaenananasoieionanernns 103 723
TAMO coveivrrnnvorsaanonrss e reeeneea . 24 47
DAtk 3hale . .veververerionaroaosirirsanes 10 757
50 1T T 37 794
[2) Y I R R R R RN 133 927
ETAE T T R 24 451
BIACK Shiile .veevrerrsscnaransrrsosiossaeranons reee 4 955
TLATTIE v veee v snssnseosassseennsosessossarasssssnsnnan . 21 976
PArk SHale ,.vvveererrrnerrsrcsrrseasssosssorannnsness 6 982
BT T A R R R REERE R 10 992
DATK SHALE v .vvvrrveensoacrveotrsntssssnnecssoararssssosse 43 1035

Sand, show Of Ol .cvvriuransinrrornriarerernreaincanananes 13 1048 -
TAENt SHALE «.viriirrriar e irieiieicornirernuaareemnreee 3 1061
T T TR REREERE 1057
BlIack SHAle ....veerrenrasercrenssrrssisessacanns resrenes 5 1062
T T LR R R RS 3 1065
Light shale ....oeeeveineriroenes eeibeneas e . Ve 8 1073
SHell Rl o .vveersennnnnoassonrenss e 5 1078
TAght Shale .. .ovveierrarrrosenserrunreeranerens 20 1098
L 1T T R R TR DR N 4 1102
[ 1 R REERR ereaeney 108 1210
Sand .. J R E R LR R T R R 10 1220
TAZNE ShAle (.vvrerivrencansonersnesseneeunansrsarrrsacece 15 1235
SHEll HINI@ o vevrerrsrernnvesarsosnrsonessassonstiones e 3 1238
Tight shale ..ovvenvneanrrsanrereninonnne e eiereerarees .42 1230
Shell HIMEe v ivrrerernsreonarorssasissssnstarsscnss verenes .2 1282
TWhite SNAIE o .veverraroaninaorrsoreeasnnes erereeraneaies 18 -+ 1300
Brown gritty shale ......eviereiinrrirsoereanne. reeenes . 15 1315
Jiard shiell sand . ...ovvereerriorivaarerseenves Civene 3 1318
IIATK SNALE vovvrnervvarsserasnresroasasssoraosronacooons . 2 1320
Oll sand ...oievvervens F T [ 20 1340

The following is the log of a well situated about four miles
coutheast of Pawhuska. It enters the ground below the horizon
of the Pawhuska limestone, probably-about 100 feet below the top of
tire Sapulpa group of this paper. The heavy limestone entered at 230

feet is as yet unidentified. It is not known whether this formation,

outcrops at the surface or not, but it probably does.

‘l. . .l (‘

nglb&'\m oW vk, ~
EPAYRE witk io 5 TulsA -

FLOWING OIL WELL, FLAT ROCK POOL, NEAR TULSA.
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Well four miles southeast of Pawhuska.

Depth,

Feet.

BOIl, @tC, . asusrsrrovearnssressasasssessnsessasntsssnsessssncrarssssasssnsasasee . 20
L S S T R LR LR T 185
Red rock s.vvveveenncinnsenes . teecetsisersenseesasenesees 280
“White Ime ...vecviensennss Ceresressiserssrssassssesss 260
Slate and shale .......c.cv. tetveseisnssascnssenarese 360
IR@ sacsesvcorrsassonnsanas X tiretirtenesassareensees 400
Slate .eeeevennenns beversnnaens Ceerreieeuae teeeesiesineonann tesesersenanss 420

LimMe .,civeveserenennannas 460
ReA TOCK 4.viunriinnereineorensrenrsessnssesnnansesanan vesereecanseses 480
LiMme .vveeevivecrnaanss Ceseeteraasenrereanas Ceeeaes R 111
Slate and shale ,...ceivvrverenss .. erssescsnesass 600

Hale coevvescersissrniiniceirrtcnreronns 640
Lime ,.,. 700
Shale ,,. 720
‘White sand 760
Shale ..... 780
Lime .. 795
Slate a.nd sha.le “es . . .. 823
Sand ..oeeeieiniiiinenns Ceteeaseriienrearisesenuns veversensas 840
Xime ... e se s eee et r et N eee e reruans . ‘e R 2 U
Slate and sha]e Cevesesesenas Ceeaerserasenasereriniinennas . 940
Shale .cevevieerrinnes . Cersseeriensens Cevereseenes .. veee. 1010
Shale sevececieersernrionanss resseesenes eeeseceeetraresraans seeess 1200
= P X1
L3 4 T« T RN vevevesesrsssess 1366
Shale ,.eeevvevvensn veaees S e ¢ 111
Lime e eessssesrrantennustarsrranyes . .. ¥ 1550

A sample of oil taken from a well I 487 feet deep, located on
Osage Lot number thirty-one, was bluck in color, tested 34.3° Baume
at 60° F., began to boil at 115° C, and on distillation yielded only
about three per cent helow 150° C. The sample contained two and
seventy-three hundredths per cent paraffin and one per cent of asphalt.
To show the rapid change in the character of oil in this field, another

~analysis of oil is given, taken from a well, 1,500 feet deep, on Lot
number thirty-two, immediately south of Lot number thirty-one. This
oil was dark green in color, tested 33.8° Baume at 6o° F., began to
boil at 1132 C,, and on distillation yielded about three and one-half
per cent below 150° C. This sample, however, contained seven and
‘nine-tenths per cent paraffin and one and twelve-hundredths per cent
asphalt.
: PAWNEE COUNTY.

CLEVELAND FIELD
The Cleveland field consists of an oil pool discovered in 1904,
lying within and immediately south of the town of Cleveland, in
T. 21 N, R. 8 E, and a small pool, sometimes called the Olney,
pool, about six mlles southeast of Cleveland near the headwaters of
Bear Creek.
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The first well drilled was on the Bill Lowery farm, just south
of the townsite a.d was known as “Uncle Bill No. 1.” The enter-
prise was promoted by local’ capital and resulted in a paying well
at 1615 feet. Development followed rapidly and almost-every town
lot was soon drilled. The city council had to pass an ordinance
forbidding the drilling of wells on the rear ends of business lots on
Main Street. The principal part of the field was found south of the
town on sections 16 and 17, although sections 18, 20 and 29 have
also proved profitable territory.

§
4
X

Two sands were discovered, known as the Cleveland sand and
Kelso sand. The Kelso sand, found on the Kelso farm southwest of
Cleveland, is above the Clevelaud sand and in the early development ' . L
of the Kelso 7ool drilling ceased on reaching that horizon. Owing | b
to the fact that at the time operations b:gan in the Cleveland pool
there was no-law fixing the minimum distance at which oil wells
should be drilled, development in this field resulted in gredt waste
to operators. Wells were often drilled on ardjacent town lots, so near
eack other that there was hardly room to build the rigs. In such ~&—-g9 3
cases many wells were soon exhausted and casings pulled without +
having repaid the initial cost. Perhaps nearly one-half the wells on
the townsite have already been abandonec.
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The limits of the pool 2ave been pretty well defined, for several
y~ars, by a series of dry holes drilled around ts margin. The rock rapem. | A
pressure has decreased to considerable extent, but the field is still a TWAZOR,. /

good steady paying cne.

During the year 1909 there were 2I wells drilled .in the
Cleveland ~ield only one of which was dry and but two produced gas.
The other eighteen were oil wells with an initial production of 1095 ¥
barrels daily. ’

S

I

- r--_.__‘P.____
The rocks in the vicinity of Cleveland consist of alternating {
candstones and shales, though there are some limestones renorted ‘
in the bluffs southeast of town, and the Pawhuska formation which
is the upper limit of the Sapulpa group ‘as defined in this paper, ' ) ' .
occurs five or six miles north of town and again .in the vicinity of, J'r' " Scdie: f;—/—_-- g mmm et eenen y'e o
Hallett and Jennings. The age of the rocks is, therefore, middle

 E—

2 3 4 Mies.

Pennsylvanian. All wells in the Cleveland field are begun below it Wt 6
the Pawhuska formation, and since the exact thickness of the %as/vge// pt f;‘jﬁ,‘,"ﬁ,‘;”e‘;’,"’///""g ' N llm :
Sapulpa group is not known, it is difficult to determine at what Y Hole — Pipe Line P NN  J—- “_ﬁ;___off\'

horizon the oil sand occurs. It seems, however, that it is probably
not lower than the middle of the Tulsa group. If the driller’s log of l

“Uncle Bill No. 1” is any criterion it is probably ‘not that far down Fomod SEE1
the geologic scale. CLEVELAND OIL AND GAS FIELD,
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The fbllowing is a log of the first well drilled in the Cleveland
field, as it was given to the writer:

Thickness. Lepth,
- Feet, Feet,
Red shale vvovvvvevivsnnrens esees ceveetisnesesaserenseesy 180 180
White Sandstone ..vieeeisrieisestroosserertesserssresans . 25 206
Red shale ........ teseenes 35 240
White sandstone . sene 26 265
Red shale ..e.... « 198 460
Limestoue ,.... Ceeeasns vesene veres . 23 485
‘Wihite sandstone ... 495
Red 8hale t.evvvireeniivnsnervoconss 534
Limestoneg and sandstone . 642
Red shale .......cv0nv0ven . e 670
‘White sandstone ....., . vee 695
Red shale ........ cereae 6 . 600
White sandstone ...... 700
Black shale ....... e 800
‘White sandstone .. . 820
Black slate ........ . 1020-
Gray 8andstone ........ 1215
Dlack slate ....eeeeavee hessnsees 1340
Gray sandstone ...... . 1355
Black slate . e 1570
Ofl sand ........ veese 1590
Gray sandstone ....... .. 1605
Second ofl sand ..... P R N veees 10 1616

The limestone recorded at 485 feet in the above log is probably
the Avant limestone. It will be noted, however, that no deeper
limestones were recorded. If the Lenapah limestone, which marks the
base of the Sapulpa group, extends westward as far as Cleveland, it
was either drilled through without being noticed, or was not reached
at all. It is probable thht the latter, however, is not the case, as an
approximate section from Tulsa to Jennings taken in 1906 shows.
the Sapulpa group to be about 1,3u0 feet in thickness. The Tulsa
group is estimated to be about 400 feet at the outcrop due east of
Cleveland, thus giving a total thickness of 1,760 feet for the two.
groups. This would seem to indicate that the Cleveland sand is
between the base and middle of the Tulsa group as above suggested. .

The normal structure in the vicinity of Cleveland is monoclinal
with low dips toward the west. The writer, however, has noticed
what appears to be some reverse dips within the Cleveland field.
No detailed work has been done and it cannot be said with certainty
how extensivé the folding may be, nor in fact is it certain that the
apparent ezstward dips were not due to causes other than structure,

The following is a record of the hole drilled on the Ralston
townsite in the northeastern part of Pawnee County, from 1,000 to
3,300 feet. This portion of the log was obtained through the courtesy
of Mr. John Shepler of Pawnee, but he was unable to obtain the first -
thousand feet of the record. There are no attempts to correlate the
formations because they, as a rule, seem to be more or less dissimilar
to anything found in the outcrops farther east. It seems possible,
however, that the four heavy ledges of limestone near the bottom of
the hole may be tentatively correlated with the Claremore formation, .
which is the Oswego lime of thie driller.
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Well in T. 23 N., R. 5 E. on Ralston townsite.

Thickness,

Feet,

UNrecorded ..vevevesevsvorsrsssscrassasronsesveserseeesss 1000
Sand, ofl ........ 20
Red shale s.evvecvennnnes serersssrnaans 15
Salt BANA .ueverreseescnssroscsnsassrsssesssessssosssonssre 6
Blue shale .ic.evveavennens TS [
Salt Ssand (WALET) cievveriererroerorevesrsotsscssssssases 15
Blue 8hale ..cveviversviseisrisrvacoses P [
Blue 8aNA .ieevevsverratstonacrsresienes 26
Blue shale ...... cesesvsrereaane sevrranesereenenan eeeseen 3
2 - 1B ) 10
Salt sand ...eeeivnnnanes 15
Blue shale ,...cvevvnvees cessessernt 20
Sandy shale ......... 10
Blue shale .......... 16
Red shale ......... 10
Lime ...veedvsrsninsonense 5
Blue shale ,.......... erevee 40
Salt sand J.ivveevevinnnnnaas .. " 26
Blue shale .......... 45
Salt sand ........... . 16
Blue shale .....ieevunune e ieecaeraiaenes Geneaans 18
.................................. 28

Blue shaie 20
Lime .covverens heeeen . 7
Lime 8
Blue shale ........ .. 69
Lime ...c.vvviievienns 18
Shale ........ 15
Salt sand .... 16
Lime 6
Blue shale 12
Lime ..... b
Salt sand ... 10
Blue shale .. b
Salt sand ... 5
Blue shale 10
Salt sand . . 195
Blue shale . essrerenes 70
Salt sand ....... tressersreanes 60
Blue shale ......... ceeeennue 8
Salt s8and .....eoveveiennns . 72
Shale ..eievarecconersosss 60
Salt sand ..... tesesssiesessanne 20
Blue shale «ovvveieorvoeseenss 7%
Cap rockk soeveviovernsnnnenes 15
Ofl sand ..... . 70
‘White sand ,,......... ceas 15
Blue shale ..... . 50
Blue shale .....ccce0eans 100
Black shale ... [
Lime (O1) .... 5
Sandy lime , 20
Sand ........ 6
Sandy shale .. 30
Blue slate .. 3
Lime (gas) ... [
Black shale . 5
Shelly lime . 8
Shale ....... 3
Lime ........ b
Shale ..... . 4
LIMe tieeeivesrencans FS N teresssssane 5
Shale .......... ceversaereraesans eveosenecseseine ceseesens 2
LIMeE (BAS) euersesenrtsrsesctonscssscrsoncscssvonsassanes 6
Blue shale «.ecceeeenn thseseseerrtarrissresretesesrsaraas 20
Lime ..... 20
Black 8hale ....veresersetosassarsrsssescesssssesssssssons 4
LIMe ..eceveesstansorsarcniossesrasionsrsssssssssnssssses 40
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4 2576
40 2615
4 2619
..... 20 2639
d (gas) veans .e B 5 2644
recorded............................................... 656 3300

The Federal Survey has analyzed several samples of the Cleveland
tude oil. One collected from the Laterette lease within the townsite
ias of a dark green color, tested 34.4° Baume at 60° F., began to boil -
t100° C., and contained 7.75 per cent of varaffin and 0.03 per cent
f asphalt. The second sample from well number two, 1,620 feet
kep, on the Lowery lease, tested 35.5° Baume at 60° F., began to
uil at 850 C., and upon evaporaticn yielded 15.5 per cent by volume
tow 150° C. It contaired 4.38 per cent paraffin. and 0.82 per cent
Ephalt. The heaviest sample reported tested 31.5° Baume at 60° F
d contained 7.26 per cent of paraffin and 0.63 per cent of asphalt.

KAY COUNTY.

The Kay County oil and gas development consists of two small
ks pools, one at Ponca and one at Blackwell, and one or two isolated
klls in which a small amount of heavy petroleum was discovered.
the well belonging to the last named class was rilled near Newkirk.,
i appreximate analysis of the oil will be given later.

PONCA CITY FIELD

The production oi the Ponca City pool copsists entirely of gas,
bough occasionally a little oil is encountered.V The operations are
mned and controlled by the Ponéa Ciy Qil, Gas, and Mineral
bmpany, composed of local business rien. They first began dis-
thuting gas in 1906 and during the three years 1906, 1907, and 1908
ty sold 178,000,000 cubic feet of gas, for household use only, at the
bte of twenty-five cents per thousand.

The first gas wells were drilled in the southern part of the
pvnsite, and in section 34, just south nf the citv. During 1909,
bwever, several gas wells, which are excellent for the district, were
bought in northeast of town. Statistics as to the production of 1909
ke not at hand but it doubtless exc=eds that of previous yazrs. The
Illy capacity of the wells ranges from 300,000 to a little more than a
ilion cubic feet.

According to the latest available data there are about a dozen
rlls which produce gas and probably as many which have been
kndoned for different causes. Wells have been drilled to various
kpths, ranging from 5oo feet to 1,215 feet. The first pay sand 1s
ka depth of approximately 500 feet, while the second occurs at from
0 to 960 feet. The initial rock pressure at the shallow wells was
om 375 to 425 pounds. The present rock pressure, however, of the
der wells, is only from about 75 to 175 pounds per square inch.
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Geologically the Ponca City field is the highest yet described in NEWKIRK WELL

the main field. The wells are begun above the horizon of the . _

Wreford limestone which, according to Prcsser, is the base of the During the early part of the present decade a comp an);l off loc?tll

Permian series. From the log of well No. 38, on the Shelby lease TeD at Newkirk b.ande-d- themselves together and }? r%specfte dOI o1’

south of Ponca City, it appears, however, that the Wreford limestone Their er.ldeavors did not repay their outlay, though they tound some
heavy cil. The quantity, however, was too small to operate. After a

is probably encountered at a depth of about 74 feet. The following . e 7 _ Mg : .
log seems to be an average of the logs of the deep wells in the Ponca few more wells had been driled in eastern Kay County the Newkirk
people abandoned the enterprise.

City field. No correlations are attempted, because the stratigraphy

. . ! L
from Pawhuska to Ponca City is not well enough understood to | A p 8 18
warrant definite conclusions.
. . N *-——-*
Shelby Lease Well No. 38 south of Ponca City. ¥
o
Thickness. Tepth, .
Feet. Feet, I 4 8
Soll ..viviriinnen . 6 ¢ i 1
Limestone 1~ 18 i
Red shale 32 60
Limestone 24 74 X .
Red shgle .. % 1?&% t%l ! 1
Blue shale . ] I,
Red shale . 10 170 2 gF ¥* g3 2
Blue shale 20 190 $4 | =
Lime ..... 25 215 D
Reg shale .. 50 265 . *y ™
Blue shale . 10 276 (A He
Tima ..... . 5 230 Pinca
I]311ue shale ....... . %g %gg AR
M ,veerens asesssrsanee tesssavesatsssrase ey PRI ——— L -
\SANd, MO BAB .eeeerrvscrnsrnssraseans 40 365 £ ¢ 77 ‘
LTI vvvrnrernnesvmnnsvavaaeaanneens o RSSO, 5 270 oo
Red shale ....... OROOOI SRR L s 396 Len A/ |
Lime .o..iliiiiis RSN DRSO e 10 0 7 A—
ed BHAJE «1vssredervararrssristiiorearanns raneeae [ LI ;
Lime . ORI LN m 52 '*t* JN |
Red shale ,.,..... TR Ceensevvresan tesranee etasessensey 0 g .
Lime ..oeveiniis SRRSO 12 492 P bt e Bt
Red SHAle o rrr e eran vt et itanananas 18 510 + 4 !
Broken sand ....... eecsassersanesererans PN 10 520 N
Red shale ......o.ees Ceeees e “reees . 30 550 Scalke of Miles.
dC?lse;d at 550. 20 - o N B W .
Red shale ...ccveveveaneses I R R R R R R 0
?:ue shale ...... e .‘1&2 586 ; f{gamﬁonordrf///ng
Lime L vee v 620
Rlue shale . .. [N 25 645 Snme— ”!"nm
Lime ..... AR e %5 670 o Ot el
BIUG Shale o e ene e e it e r e 15 635 t Gas Well
Iﬁllme i ceven . 2g 705 Dry Hole
ue shale . eeerevauns sesessrasne 710
Lime .. ) PORP SIS 765 PONCA CITY GAS FIELD. -
Ling SR&%e .. et 00 [ The following is a log of the Newkirk well as reported in a
f}:‘nee s.hale ..:... ...... PR Ceereeseravesaas Ceseresaanne i’; g:g thCSlS written in 1906 by Guy Y. Wi]liams: ]
Blue Shale vevrreerennns SRR i, . 32 923 Th;?é‘gess- %e%tth-
SN g mhaie 1L g 30 surface and lmestono o.ioensesener s 3
(Pulled all casing and plugged hole according to law.) Eﬁ?‘:satggztone and limestone ...coovivsienennes .. 152’ %g
The operations during the past year in the Ponca City field Tight Shale sereemreennernnern el 10 35
have only been what might be considered normal, that is, the drilling Bed shale uorvererernressirnniiensne 0 EH
of 1909 has averaged pretty well with that of previous years since i:r&dyhzlhale ORISR 35 1’(1)55
the discovery of gas. Structural conditions in the region have never Limestone oLl 12 118
been carefuily studied and it is impossible to make any suggestions Red ghale .ovvvensiiieenineees v 1s8
as to the probable future of the field. THE1E orovvnernrenrensrnoeraren 5 17
I P P 63 200
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Limestone «....... teterearivaresran evene 10 210
Red shale ,........... . 25 235
Sandstone ..c.e0e 10 2
Shale ....evoenn 5 250
Red sandy shale 10 26!
Sandstone . 265
Red shale .. 24 289
LImestone seeiesesosvecssserstarsnsnsscsen 10 304
Limestone . 41 345
Light shale Cetesaes ssaveservierenereceves 6 350
Limes‘one .- R E R R R R ) ] 355
Shale ...... [N e ey ersresesererarens reee 8 863
Timestone -.:cevrveoraenonn tive senaraens ieees [P . 26 383
Shale ..... e nesresanereinsinean eeees evriee e 15 403
Limestone ... 43 446
Sandy shale 10 456
LImesStone ..veecrecooseoeasrsosssccossne cervee vesenereans 19 476
Light shale 40 515
LIMeStONe ..covaseeecsononrasn, sranooasns 5 520
Shale .....c00ven P TR L) ereevecas 130 650
Limestone 6 655
"Shale ..cevevenen 116 770
Limestone 10 780
Light shale ..... cerrenee 23 803
Limestone ... 10 813
Sh-ole ...... 13 325
Limestone 7 832
Shale .... 63 895
LUNESTOME +eeecorerososrosssssasaresostsonssssstonsscssss 10 905
e 33 68
....... cors 10 948
............... veses 20 968
Salt water sand .....eev0en desesarieneenes 37 1005
Shale ..... teeessereirsastesrrbeenans F P M 65 1070
Limestoue ..cevese . : [P veraesb ! 8 1078
Shale .,.ceeeeess Ceterasesasnisesrsnaanione eveeveeenns .. 22 1100
TAMESLOT @ .uvevoerorenrrosssoreosuotoscantresseaascansnoes 15 1116

No correlations are attempted, Zurther than to state that the lime
stone at the surface is what is locally known as the Newkirk limestone,
The geological section of the region is not yet well understood, but it
seems probable that the twenty-five feet of limestone from forty-five
to seventy feet may be the Wreford or the base of the Permian series,

A sample of oil taken from the ahove weil was analyzed by Mr,
Williams, now assistant professor of Chemistry in the State University
at Norman. His results were in part as follows: Gravity, 34° Baume
at 60° F. On distillation, 7.48 per cent was given off below 302 F,
while 40.43 per cent was vaporized betwcen 202° and 572° F. ‘After
the second distillation the residuum was found to contain 81. per cent
of lubricating oils and 17.99 per cent of coke. The oil also .contained
a trace of calcium oxide and iron oxide and nearly one per cent of
sulphur.

BLACKWELL POOL.

The Blackwell gas pool consists of a number of wells lying due
north of the city of Blackwell, in western Kay Couuty. The nedrest
production is within one quarter of a mile of the city limits, while
that farthest ouf is more than five miles to the north. Until within
the past few months the output was cuntrolled by two -companies.
These, however, haveé now consolidated and the city is served by a
single corporation. So far no paying oil wells have been discovered.
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The development in the Blackwell pool during the ycar 1909 was
steady but there was nothing phenomenal in the drilling results, except

that the best well of the field, located in the northernmost extension of
the field, was brought in during the last days of December.

| Scale of M/‘/e:’.sé

o g * % : j
¥* GasWell. ¥ Oty Hole.. = Fipg Lires.

BLACKWELL GAS FIELD,

Geologically the Dlackwell field is the highest in the State, The
wals are begun well up in the Wellington and Marion formations
of Permian age, perhaps not less than 500 feet above the basc of
the Wreford limestone which has, for a number of years, been con-
sidered the lower limit of the Permian rocks in Oklahoma and
Kansas. DBecde, however, now considers the Illmdale formation as the
base of the Permian. If Beede’s conclusions are correct the Blackwell
gas occurs within the Permian series. If, however, Prosser’s con-
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clusions are confirmed the production is from the upper portion of
the [ennsylvanian series.

The rocks of the region consist.of alternating sandstones, shales,
and limestones of varying texture and thickness. Of the formations,
the shales are usually gray to black, while the limestones are whitish
to cream colored. The sandstones are usually nearly white. Red
formations seldom oceur, although the logs given in .the following
pages show several thin strata of red shales or sandstones. Tt is to
he noted, however, that the non-red formations predominate.  The
Permian rocks of this portion of the State are more often highly
fossiliferous than are the typical Redbeds. These two facts, namely,
that the rocks are usnally dark in color and frequently contain-
(uantities of fossils,make it probable that oil and gas have originated
in the rocks of the Dlackwell and Ponca City regions. urthermore,
there scem to he no unconformity between the Pennsylvanian and
Permian rocks of northern Oklahoma. Therefore it docs not scem
necessary to look heyond the Permian for a source of supply for the
oil and gas of Kay County, though it is not yet certain that production
comes from rocks of that age.

The region surrounding DBlackwell is a nearly level-lying plain
covered with several feet of residual soil so that exposures of rock
in place are very rarce. ‘This malkes it impossible to dectermine the
structure in detail.  Such observations as have been made seem -to
indicate that the normal structure is monoclinal with low dips to the
westward. There are no data at hand which tend to account for the
fact that the gas development lies in a narrow helt with a nearly
north and south trend, '

The following logs quite thoroughly represent conditions as
reported by the drillers who have worked in the field.

0. GREEN WELIL NO, I.

28 N.. K. 1 IV, about siy ailes north of

On SV, 14 sec. 23, T.

Blackzeell.  Authority, Union Oil and Gas Co. -
Thickness, Depth,
Fret. Feet,
Surface sofl .o e 26 2%
Watep sand (f 12 37
(5111 R 15 5%
[ T 110 T R R R 1 K]
3 LT 7S L R 27 hi
DR D T AT 2L LT T S E R R E R R 4 he]
F S T TS 1S LR R R 2 84
Lime (gas show at 160 feet) ...oovivvreieainionen PN 26 112
Taitne and SNAOLe o e s 104 216
LT S LR R R 44 260
Qandy SRALC Lo i s 15 275
L Y T O R F R R R 9 284
JROQ TOCK et etvannoeonnnenooesntaresssiaesssesnssonaanias 128 419
TAme and shale it i e iy 13 425
Qand (K11 WOLer) it 8 433
L 2T T T R R ) 7 410
Jied rOCK coiiiien e . 30 470
i1t 520

TAmMe and SHAIE L. ivv et -
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Sand and Hme (sal
Shate °1C lime (salt water) svreivne 1 3
LimMe .evveevverennes e, 2 £2%
Shale ..ovverrerinereens 8 546
Red TOCK +vuvvvveneenns ol 18 562
Red rock (hard) ....... ORI, 2 564
R TOCK 4varrnernnernns . 3 567
LIMG vnverrrnessnnerenneen RN 20 587
Red TOCK +.vvveevnes . . e 8 593
LAITO . vvvenrnrvnnenennenn et 600
Shale +ivreevrnerennrnnneen IO 5 605
Red FOCK ., vvrrnrrernnernnernnnins SRRRRIOR 16 620
Band (salt Water) .....iieeveviernerersrroncornas 24 634
3 T S OO 4 648
Lime .iivevvenrrnrnanssares 20 668
Shale ..... ORI, e .16 683
Red rock ...veveeee Ceereaaerruren eserasarasrrreeas 44 727
s;lme......... . verenne . ebereteteseaasraenanas 3 730
16 vveinnrrennn SRRt 3 733
Red rock ,....... iesrseesatasnanes Cesresiaearnet esaens 31 ’564
Lime ..... 10 774
Sand (BAS) ..viverssrsnsesesian [} 780

Rock pressure 350 ﬁounds.
Capacity 2,260,000 cubic feet per day.

BRANINE WELL NO. I.

In W. Y5 NW. 34 sec. 2, T. 27 N., R. 1 W., about three miles north
* of Blackwell. Authrrity, Union Oil and Gas Co.,

Thickness, Lepth,
Feet, Feet.
Surface soil ........... eieiessaseacsnnarassresresnsesree 45 4b
Sand (water at 65 fEet) seerivrrrernirvronorenens sessases 10 1
SRRIO v.vene vevrennensensennvnnenriaiinenin, e 40 95
Limestone ........... .. an ]1‘5
P 1 1 266
Red rock . 40 3056
Bhale 40 345
Limestone- . 20 365
shale ..... 2 390
L Salt wa -
mestone
Shale ... 32 gg
Reddrock 20 460
and ,....
Limestone . %(()) 238
Red TOCK .iuveevsssssrnerescrnnnranscssares sevonee 10 490
LIMESLONI® +vnrssrnerernnrnrinennss ORI U 18 505
Sand ..iieveeeneoss crssaesesterretene saveserveveses 10 515
Salt water at 510 feet.
Limestone ......ovevvveenes erenueen . 20 636
BLUO SRAIB +rernersersrnsinvreenesrenianennieieniains 5 540
Red TOCK svvvvnevnsn D PSR el 1B 556
REA TOCK +rvvnvvnsrnernsnseneansneiirnnneirnenaennines 6 575
LImestone ....vvevevnerneirerosocasasoarinnnases 10 685
REA TOCK +evvvnsuennsnssnennse i siiniiiiiiiiiiy 45 630
LIMESLONG +nvvvrnvnronsnrnsrnrnonerernonenes L 10 640
shale ........ O OSSOSO OIS 1 £50
Limestone .'. 10 660
SHRIO +vuvenvrurnenserit v —— 20 630
REA TOCK vvvvseneressnnnnnnenaunnunsossrrseesesserersnees 85 765
LIMEBLONO seusvavuirrrsnrseoornsncnnssssnsesonenssssnsses 25 790
SANA (BBS) «oeverrvveeresnerreravesrnrsraraensassocanrees 10 800
Shale ....eeeves . . 10 810
Limestoue 15 825
Sand (gas) ' 82§
Limestone 112 940
8hale .e..... 35 975
Sand (gas) ... & 930
LIMeBLONe .iveeescvsrncrrassorsssoanssssaseracssssrnannns [ 986
SaNA . .. iieraceetairiraraneiarrararesreisrarrernsestsrrene 40 1025
LIMesStone ..veveerevesrsvnrssersossonssasarseonsasesnsnee 10 1036
11 0 A PN 35 1070



210 OKLAHOMA GEOLOGICAL SUPYEY.

Limestone ig %ggg
Somte b 1
Limestone 10 180
SNALG vvvererocssessasssssonsroansas lg i%gg
Limestone ere bt b
Shale ..cocvvvreses 19
Limestone .o vees ces ?g Y
30 1315
10 1325
Limestone ees 2(5) ig;g
Sand ..iivererereccenes . ceee .
Shale ..... .. . 25 1416
Limestone 30 Iiég
Shale .... %g %470
TAIMEStONO® +vuevervasassssossrassraecsossnnsssnnecssrsses 1 nn

sand (salt water)
Plugged at §

CITY WELL NO. 2,

In NW. Y4 NW. Y% sec. 23, T. 27 N., R. 1 W.; on townsite of Black-
well. Drilled by City of Blackwell.

Thickness, Lepth,
Feet. Feet.
Surface sofil g 1;
Red clay ...covsreorassocnsesss H 1
Sand ..ecevene -
Clay sovevee 25 A
Slate «....0. .40 175
Blue slate . 90 HY
Limestone ... lg e
Light shale 23 280
Limestone aae
Lime (water) 67 Pt
Red shale ,,. 6?_ i
Light shale . gb pii
Limestone ..... . HH
Bhale ...evevieecscones Verenssnesareerraanes . 25 1
Lime (salt water) .....eeveses . 4g pi
Red shale ...... . 7 H
Limestone ....eee .. .. 42 se
Reng,lhale t 708 feet i
rst gas a eet,

Black sand %g ;2:
Light shale a6 (EH
Limestone 3t e
Red Trock ,..coevevevees ¥
Fine sand (salt water) . gg e
REA ShAJE <vveeertessnecsstssotsvesssotorsssscatsasntooes 4 4
White SANA «oveerresnssosarsarisssasssssansscrsssanossens

Light flow of gas at 865 feet 10 902
‘Light shale ...... vereresees g 916
Fine sand .... 18 928
Red rock .... © oo
Y, imesStone ...crreeocecernsranctnricecraserissoere 3 A
Fine sand (salt Water) .....coievesncocroronocnsessacsesr

Too much salt water, Lost reamer and string of tools—had to abundon well.

By inspection of the above logs it will be noted that the gas
occurs at various depths ranging from 640 feet to 980 fect. So far
as exposed the formations do not have sufficient dip to warrant the
supposition that this is the same sand throughout the field. It is more

probable that several different sands produce gas in the Blackwell

district. The deepest well in the field of which we have record, is
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known as Branine well No. I, about three miles north of the city.
It was dug to a depth of 1500 feet but no gas was found below
980 feet.

So far there has been no crude oil discovered in the vicinity of
Blackwell. Considerable quantities of naphtha, which sometimes tests
as high as 70° Baume, collects in the gas mains. This, however,
does not indicate the presence of large quantities of oil of that nature
in the sand, as is supposed by some, but is due to the condensation of
some of the heavier gases when exposed to temperatures lower than
those of the well.

It seems that production in western Kay County has been confined
to the region as defined in this report. Several wells have been drilled
in the Redbeds farther west in the State but t.us far none of them
have yielded either petroleum or natural gas. At present there is a
well being drilled at Alva with the hope of finding either ofl or gas.
At last reports they had attained a depth of nearly 3,000 feet and
were still drilling,

THE CREEK FIELD

For convenience in discussing the oil and gas development of the
Creek Naticn is divided into four districts,  namely the Muskogee
district, the Bald Hill-Morris district, the Redfork-Glenn pooi, and the
Preston-Henryetta district.” This division is not entirely artificial but
is based on the fact that these groups place ‘the Cevelopment in a
series of pools, the wells of which arc ‘begun - at about the same
geological horizons.

‘ NUSKOGEE DISTRICT
. The Muskogee oil and gas field consists of two pools known as
the Townsite pool and the Chicken farm pool.

THE TOWNSITE .POOL.

The first well drilled on the Muskogee townsite was in 1894
by McBride and Bloom of Independencs, Fauns.,, who were drilling,
for the Cudahy Oil Company. They discovered a small amount of
light oil but the find was not followed up until 1904 when between
thirty and forty wells were drilled near the Katy railroad on what is
now the southern part of the townsite. None of the wells in the
townsite pool were large producers, although all yieldad a very high
grade of oil. The limits of the field were pretty thoroughly
determined by the close of 1905 and drilling was suspended because the
pool was very small. A refinery was built at Muskogee which used
practically the entire output of the field. The production decreased
and from time to time wells have been abandoned until now only a
few of the original ones are prcducing.
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The townsite fie'd is, geologically, the oldest production in the
State. That is to say, the wells occur farther down the geological scale
than those of any other pool. The rocks belong to the lower halt
of the Winslow formation, of lower Pennsylvanian age. That
formation has an average thickness, according to Taff’s description
in the Muskogee folio, of about 800 feet. The oil of the townsite
pool occurs at depths ranging from 1020 to 1060 feet. Logs of the
wells show .hat the rock section consists almost entirely of sand-
stones and shales to a depth of 700 feet, where a heavy limestone, the
Morrow also of Pennsylvanian age, is encountered. The - Pitkin
limestone, of Mississippian age, cccurs below the Morrow. It also
seems to be represented in some of t.e townsite wells. This, however,
is not the universal condition as will be seen from the following log.
W ell in old townsite field, Muskogee, Oklahoma. Drilled October and

November, 1896. Authority, A. P. McBride.

Thickness, Lepth,

. Feet. Feet.

Soll ..... e rerrerteraesaneenes R 15 16
Brown sand .....eeee0ne ireee 10 25
Clay and gravel ....oeercencrossosossees tesacoveanansrnets 33 60
Shale ...ieiiervnnen Cessevesnes temevesrrarenenriaeane 40 100
Sand and salt water .......... .. 20 120
Shale ...ivvensrennnnes eeeee 100 220
S0apStone ..eevesvrcrriiainns ees . 230 450
Shale and shells .......... 10 460
Sand ..... 40 500
Gray shale ....... 100 600
Salt water sand 90 690
Shale ....,eee0 40 730
Sand and lime ., 10 740
Shale ............ Ceeeerarsrisarseeresrertsons 20 760
Salt water sand ...... Ceereserrsenatrns 15 776
Shale ..evevesreans ceesen 16 790
Shale ...coeveeivneos teveessanessaes vernee ki 865
Sand (smelled of Odl) ..ocverirerrosrenaenn . 10 875
Dark shale ........ veesenenves . 100 975
Black shale "nd 1imesione ,....evcecereveses . 15 990
Shale ....oveverevensnnns . 35 1025
Limestone ........ o . 25 1050
Sand ..... f 13 1056
Blue slate .. . 20 1075
sand shale ...... . 25 1100

Drilled to 1100 feet and quit with a full flow of salt water,

By inspection it will be noticed that but one limestone of import-
ance is recorded in the above log. This has a thickness of twenty-five
feet and as it is the first limestone encountered it is, beyond reasonable
doubt, the Morrow. If such is the case, the Mississippian series was
not entered in this well, thus making it appear that the Winslow and
Morrow, at this point, are very much thicker than the section given
by Taff in the folio ahove mentioned.

Structural conditions around Muskogee are very irregular
From such data as the writer has been able to collect it is impossible
to determine whether the oil of the townsite pool occurs within the
horizon of the Pennsylvanian series or near the top of the

Location or drilling’
Tank

Pipe Line

o
@

A My,

Scoler
®

Oil Wel) ™~
Gas well
Dry Hole

.
*
+

MUSKOGEE OIL AND GAS FIELD.
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Mississippian. In some cases it seems that the latter is true, while in
others it appears impossible for the bottom of the well to be below
the Pennsylvanian rocks.

A sample of oil from a tewnsite well, 1000 feet deep, tested 40.4°
Baume at 60° F., was light olive green in color and began to boil at
110° C. On distillation about six per cent by volume was vaporized,
below 1500 C. The sample contained 3.88 per cent paraffin and no
asphalt.

CHICKEN FARM FIELD,

The first we!! drilled in this pool is located on sec. 9, T. 14 N..
R. 18 E. It was drilled during the winter of 1906 and 1907, and was
the largest producer of high grade crude that had ever been discovered
in the State, so it attracted a great deal of aitentor. As a result
operations became very active and drilling was rapid. The field has
been fourd to be very spotted, but was extended over a ~onsiderable
area lying mainly west of the Missourd, Ka.asas and Texas Railroad
and southwest of Muskogee, though development of the past few
months hcs extended northeast nearly to the old townsite pool, and
across the Katy tracks along Coata Creek. '

The occurrences are very erratic. Some of the wells went to a
depth of more than 1000 feet, while at the distance of only a few
_hundred feet another well sometimes develops gnod pay at muca lese

depth. The Chicken farm pool is the one which is now referred to in
current discussions of ihe Muskogee field.

The rocks or the Chicken farm pool are alternating clay shales
and friable sandstones nearer tie top of the Winslow formation
than those of the Townsite pool. The sandstones on the hill south
and west of the field belong.to the Boggy formation as described by
Taff in the Muskogee folio. Thus the rocks on the surface of the
field are about 150 feet from tle top uf thz Winslow formation. 1i,
therefore, the thickness of the \Vinslow formation is not moe than
800 or 1000 feet, and the Morrow, Pitkin and Fayetteville formations
do not exceed 240 feet as estimated by Taff one would ~xpect to
enter the Boone formation (Mississ’ppt lime) in this vicinity at a
depth of about 1100 or 1200 feet. No carefully kept well records
are at hand and it is not known what the formations penetrated by
the drill are. It las, however, been the writer’s privilege to examine
a number of logs from this field and so far as he has been able to
determine none of the wells of which they were records had entered
the Boone formation or Mississippi lime. It therefore seems that at
least the greater part of the oil of the Muskogee region is found above
the so-called Mississippi lime of the drillers.

Operating activities in this pool during the year of 1909 were
below normal but owing to the fact ¢hat the oil was of a high grade,
and therefore usually commanded a better price the region was looked
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upon with more general favor than those pools which produce heavier
oil, but the erratic nature of the occurrences discouraged development
to a marked degree.

Several analyses of crude oil from the Chicken farm pool have
heen made. Of these the following seem to be fairly representative. / ™ ;
One sample, collected by the Prairie Oil and Gas Company, was olive . _ T
green in color, tested 37.5° Baume at 60° F., began to boil at gg° C.
and yielded 3.5 per cent by volume when distilled below 1500 C. This
sample contained 12.45 per cent paraffin and no asphalt, Another
sample which gave a Baume test of 39.4° at 60° F., began to .boil at
830 C. and contained 6.0 per cent paraffin and no’asphalt. Of ten
samples of oil analyzed from the Muskogee district not one contained
a trace of asphalt and some ranged as low as 1.24 per cewt in paraffin,

THE BALD HILL-MORRIS DISTRICT

This district contains two pools known as the Morris and Bald
Hill pools. A third area of considerable promise is being prospected
along Ash Creek near Haskell, but it is yet in the pr.liminary stages
of development and little is known of its value.

ViR 2

MORRIS POOI.

The Morris pool was the first to be developed in the Bald Hill-
Morris district. The first pay well brought in was on sec. 5, T. 13 N,,
R. 14 E. This was a good gas well and development proceeded with
considerable rapidity. It was soon discovered, however, that the field
was more or less erratic and holes were sunk in various directions and
at distances from the original well. Gas was discovered on the
Morris townsite and both oil and gas were found about three miles
southeast of the town, while later prospecting developed several good
gas wells between Morri. and Okmulgee. Development failed 1o
establish any connection whatever between the pool southeast of
Morris and the gas on the townsite. :

The first pay wel, southeast of Morris was brought in during the
summer of 1906. It is in this region that the main pool has been
developed. The formations of the region, however, are broken and
the pay is usdally spotted.

The rocks of the region consist of alternating sandstones and
shales (with occasional beds of workable coal) belonging to the
upper members of the Muskogee group as already defined. As at ~——
present understood, the sandstone capping the ridge on which the old S A N
Okmulgee Mission, petween Morris and Okmulgee, is located, is the.
upper limit of the Muskogee group. If this correlation is correct, J
the wells of the Morris pool are started and completed within the . ”
Muskogee group. It seems, therefore, that the production in the pool  wer 1im n : : 3 s © #:27”,"”"’””’”’
is entirely from rocks of Pennsylvanian age. The following log gives E;,’,’g,’{, Pipetine
an idea of conditions as recorded by the <rillers. '

_____ Y ? S S - S,

BALD HILL OIL AND GAS FIELD.
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Well in Morris field. On SW. % sec. 5. T. 13 N., R. 14 E.
Near Morris. v

Thickness. Lepth,
Feet. Feet.
Conductor ..eesecoscaes resssenses vevesuss vereraessenesnnn 18 18
Shale seeveevecvvcrnonse teravesssariecense 4 22
€08l syieererrasernerrsionnnnes verseesras ceerevas 3 26
Shale ,..eeeosersesessconnas seves . . 100 126
Sand ..eoeee00n . . . 12 137
Shale ....ee... 45 182
Sand and shale e seecns 30 212
Shale ..... vees . . 216 427
Lime ..oveveencens 10 437
Shale .... 260 687
Sand ..evieevee . . 10 697
Shale . . .. . 85 782
Lime ... 80 862
Band ....e000 100 962
Lime ..ieveeeeess 29 991
Shale eeceeevses . vereansess . 267 1248
[1:0 T E O . . . 20 1268
Shale ..eeeverveaees oue e . 3807 1676
Qi1 sand (show of oil) , 20 1595
Bhale ..eeverssecoss Weerasearnssesesassensens veveases 110 1705
Sand and lime with show of ol ... civviniiieriencrinane 13 1718

Gas appeared at 1767 feet and Increased to bottom of hole. Later the well
was sunk to a “depth of 1800 feet ard the sand was still present.

Surface exposures in the vicinity of the Morris pool are few and
it is difficult to determine the structure in detail. Such data as can
be collected indicate the region o de one in which the soft friable
sandstones and shales have bee. mashed and crumpled. Where con-
ditions are favorable for inspection narrow anticlinal and synclinal
folds are often seen which probab'y do not extend to sufficient depths
to influence accumulation. However, since the rocks exposed reveal
short local crumplings, it seems reasonable that similar conditions may
obtain at greater depths. Jt therefore appears possible that:the
accumulation of the oil and gas of the Morris region is controlled,
in part at least, by local structure the effects of which cannot be
seen at the surface.

Uperations in the Morris pool during’ the past year have been
fairly active when the depressed conditions uf the market and the
general ban on operations is considered. In general, however, the
prospecting has been more in the nature of wild-catting than of steady
development.

Analyses show that the Morris oil is especially high in paraffin
and contains little or no asphalt. Analyses reported show that the
oil tested from 35.5° to 37° Baume, while the paraffin content varied
from 6.75 per cent to 11.g9 per cent. Only one sample reported
contained asphalt and that only to the extent of 0.10 per cent.

BALD HILL POOL,

The first well drilled in the Bald Hill field was completed during
the winter of 1907 and 1908. It was drilled by Galbreth and
Chesley in the southwestern portion of T. 15 N, R. 14 E. The
results were satisfactory and a pool of considerable importance has
been developed in that vicinity. ' -

[
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The geological and structural conditivns are very similar to those
described in the Morris pool, excepting that the wells are usually
started in the Sapulpa group above the top of the Muskogee group
in which the Morris wells occur,

Activities during the past year have not been phenomenal though
some good wells have been discovered. Drilling in the vicinity of.
Haskell, about fifteen miles northeast ot this field, has resulted in
some very promising wells. Conditions are such that there is reason
to believe rhat a considerable pool will be discovered extending from
the vicinity ¢f Porter southwest toward sec. 31, T. 15 N, R. 15 E.

The oil of the Bald Hill pool is of a lower grade than that of
the Morris pool. Only two analyses are reported. Of these, one is
from a 1,680 foot well on the Buchanan lease. It was dark green in
color, tested 34.1° Baume at 60° F., and boiled at 120° C. It con-
tained 3.43 per cent of paraffin and o.15 per cent of asphalt, while a
second sample teste’ but 33.2° Baume under similar conditions, Loiled
at 131° C., contained 5.7 per cent of paraffin and 0.76 per cent of
asphalt, .

REDFORK-GLENN POOL DISTRICT

This district extends from the Arkansas River bottom, opposite
Tulsa, south to the southern limit of the Glenn pool north of Mounds,
and is divided into three pools or fielde, namely the Redfork pool, the
Tanaha pool and the Glenn pool. In point of production, this is by
far the most important district in the State, its importance being
largely due to the phenomenal production of the Glenn pool, which
is the most remarkable field the world has ever known.

The first discovery of oil in this district was near Redfork in
tgo1. Two sands were developed in this region, known as the
Redfork sand and the deep sand. While the pool is a good one there
is nothing phenomenal in its production. The Glenn pool was dis-
covered by Galbreth and Colcord during the summer of 1906. The
wells have been of remarkable production and promise great longevity.
The Tanaha field was discovered in 1908 in attempting to extend the
Glenn pool northwestward. Development ha. been steady in that
region and good pay has been almost uniformly discovered, but it
in no wise rivals the Glenn pool. '

The geological conditions of this entire region are very similar.
‘The Lenapah limestone, known to the drillers as the “Checkerboard”
limestone, outcrops on the north bank of the Arkansas River, just
above the Frisco bridge at Tulsa, in tue wagon road northeast of
Redfork, and on the hills in the vicinity of the “ninety-sixth meridian
pool.” 1t is also exposed in several places in the Glenn pool and east
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of Mounds. It is thus apparent that the wells in the Redfork and
Glenn pools are begun at almost exactly the same geological horizon,
while those of the Tanaha pool are started perhaps 100 to 150 feet
higher up in the Sapulpa g-oup. ‘

The normal structure is monoclinal with low dips to the west.
The writer has noticed several reversals of dip in various places from
the Arkansas River south to Mounds. No detailed work, however,
has been done to determine whether there is any relation between the
structure and oil accumulations or nol. A series of carefully kept
logs from east to west across the Glenn poo! seems to indicate that
the oil sand is an old beach bar of large dimensions, the greatest
development of which appears to have extended nearly north and
south through secs. 4, 9, 16 and 21 of T.\17 N, R. 12 E. The
sand in-this postion of the fielu has its maximum thickness and the
upper surface seems to form a broad gentle arch. The sand is overlain
with close-grained formations, which form a splendid cap rock. In
addition to the arching due to the contour of the sand there are some
evidences of slight folding. So thke Glenn pool accumulation, as far
as can be determined by a superficial examination, seems to be con-
trolled by anticlinal folding accompanied with irregular sedimentation.

The following logs of the Glenn and Redfork pools seem to be
an dverage of the drillers records in the district. '

On sec. 3, T. 17 N., R. 12 E. In the vicinity of Sebo and in the
Glenn Pool.

Thickness, Lepth,

Feet., Feet,

) I creens B B 20
Biu® 8hale (AODY) ..eeveeersocscnsosnssonsosonssnnsensans 45 65
ime ..... F [ K

Water s81Nd cvevereeesrovesasannes 5 W
Sandy 8l1ate ....cessecsveriereven 20 96
Blue shale (AODY) cvevevreveensns 60 145
5andy 81ate seuvevrcercecoroneenes 40 185
DObY 4iiienernsasoracnscnaresnanse 60 245
BANA +vvvvennanoncinionnrrersvenns 30 7R
Blue sand and shells .......v000es 50 325
LIme ..ivvvirvnneronsoncancersnenes 12 337
Blue shale and shell ......cc00vee 70 407
Blue 8lat® ..cvecnesrircncencnnades 243 650
Slate cetsssvnane 100 760
40 790
45 836
65 900
21% 92134
3314 955
Lime ...... 16 970
Sandy shale . 20 950
Sand ...... 6 996
Black =nlate . 50 1044
Blue shale .. 100 1144
Black slate ...... 68 1212
Sandy limestone 8 1220
Blue shale .,.... . 80 1300
Black slate ... 60 1350
Sand and shells 18 1368
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Sand and shells ........... 40 1408
Blue shale .... [ Ceererrevenne 8 1416
Sandy shale ..... 80 1496
Gas at ..... e 1500
[0} ) I .. 1557
Qil sand to ...cvvevene e 1610 -
Total depth .......... J T L LT L R 1612

IVell at Red Fork, Oklahoma. Located close to Turkey Mountain. 38
Drilled in January and February, 1807 to 1,440 fect. Later]
it was sunk to 1,800 fect without finding any ol or gas.

Feet, Feet, §

Thickness, T'epth,
Soll ..., Cebeaaaaas 38 38
White sand ,.... ree e 52 90
Slate ........ e e 13 103
White =and . 35 138
T'ark shale .. e 47 185
TAME . .v.iverinienerenicnaes eedereraas ver feee 5 : 260
Dark shale . . . T 40 300
Lime ........ 10 310

Black shale ........v0vs 100 410

White shale .ovevveeniienaen . 90 500 -
Dark shale ,......... . - 40 540 -
White shale ....... . 40 580
Dark shale ...ooeene 83 663
Gray lime ........0ne 10 673
TWhite Hme covvveiennieenns Ceeines 27 700
Black shale ........... et et aerea s . .. & 705
White sand ... 10 715
Shale ..veve veveose . ves 16 835
Lime ..oooviiienns .. : P 30 865

Rlack shal .. e 30 895
S 8and L.l 8 903
Da~k shale ..,. 76 979
Gray l™e coiiviieiinns 10 939
Black shale vvvvvevnnns 15 1004
\Whice shale ....... . 20 1024
Blacx shale ........ 25 1049
\White shale ........ 81 1130
Sand ..... e 30 1160
Black shale ....... 128 1288
RBlack slate . 10 1298
Sand ...iieeeienens 34 1332
White shale ........ 108 1440

A number of analyses of Glenn pool crude have been reported.
The vil is uniformly black and ranges from 35.5° to 38° Baume at 60°
I*. The boiling point varies from 8o to 112° C., while the paraffin
content ranges frnm 3.12 per cent to 11.46 per cent. All samples
reported contained some asphalt, the maximum being 0.g0 per cent
and the minimum being 0.11 per cent. A sample from a 2,340 foot
well in sec. 18, T. 16 N., R. 12 E,, east of Mounds, was light green
in color, began to boil at 175° C., and contained 8.44 per cent of
paraffin and 0.62 per cent of asphalt. This boiling point is the highest
recorded in the Mid-Continent field. "

PRESTON-HENRYETTA DISTRICT

The Preston-Henryetta disurict consists of the development lying
between Preston, formerly known as Hamilton Switch—northwest
of Okmulgee—and Henryetta. Development in this district is com-
paratively recent and no well defined pools have.been outlined. Oil

BURNING OIL NEAR TULSA,
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was first discovered at Henryetta early in the present decade but the
quality was poor and the quantity small so that the discovery attracted
little attention. Later, however, some good wells were drilled in
what is known as the Tiger Flat, south of Okmulgee, which created
considerable interest. ~ During the summer of 1gog one of the best
wells of the year was brought in near Hamilton Switch, northwest
of Okmulgee on the Preston farm. This discovery led to active
operations and the Preston pool was rapidly developed.

Oil wells having an initial daily capacity of 1,000 barrels or
more were drilled in and soms gas wells had a reported capacity of
from 36,000,000 to 40,000,000 cubic feet per day. Later prospecting,
however, has made the field appear rather disappointing in that the
great promise of the first few wells was not fulfilled. Several dry:
holes have been drilled at comparatively short distances from the
original Preston well.. Operators, however, are not discouraged and
prospecting goes on. It is thought likely that a very creditable pool
will be developed in this vicinity though it is not probable that it
will be a .second Glenn pool, as was predicted by some during the
first few weeks of its history. :

What is ordinarily called the Henryetta field is the development
in T. 12 N., R. 13 E.. or thereabouts, lying northeast of the town
of Henryetta. The wells of this district are usually in the neighbor-
hood of 1,200 to 1,500 feet in depth. Production is reported to range
from 250 to 500 barrels. [here has been sume deep drilling done in
the- vicinity of Schulter on the Frisco road a few miles north of
Henryetta. The deepest well reported is 2,340 feet but it seems to
have been dry. :

The Prcston-Henryetta district was the most active region during
1909 and is apparently still in the lead of the older fields in drilling
operations. .

The rocks of this region consist aJmost wholly of sandstones and
shales with one or two beds of workable coal. As at preseat under-
stood the sandstone on the hills in the vicinity of Henryetta and just
east of Okmulgee marks the upper limit of the Muskogee group, while
those in the-vicinity of the Preston pool are considerel to belong to
the lower portion of the Tulsa group. The wells of the Henryetta field
are therefore started and ccmpleted within the Muskogee group, while
those of the Preston pool began drilling in the Tulsa group and are
completed in the Muskugee group. The following log was reported
to the Survey by W. B. Pine. ‘ ‘ '
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Well one-half mile south of Henryetta, Oklahoma. Authority, W.

B. Pine.
Thickness. Lepth,
Feet, Feet,

3101 R e - 10 10
TVHILE SIALE v verneriorononsossssaroronesrorssosssssonnssse 89 101
Hard gray Hmestone .......covveeeveroriseresseansaseecs 4 105
Soft white slate ....ivovecevivnns .. 100 205
Soft grayish blue slate ........ 197 402
White sand (some water) .... 32 434
White shale ....ccvieviennaranes 76 510
Grayish blue shale ............0. 245 865
White sand (some water) . ..... 45 910
Soft white slate .o.veveeienns - 50 960
Hard gray =late ......... viiieiieaiinine 56 1016
White sand (heavy paraffin oil and gac) ..c.vcieveiieees 11 1027
White slate, few Hme shells ... ciieiieieiiieariiionones 865 1892
White sand (ArY) . ovviveerereoseresrsssearonse 15 1907
Hard gray limestone . .. vee. 101 2008
Soft white slate ...... 2013
Hard gray limestone . T 2020
Coal, fine quality ....... 4 2024
Hard gray limestone ............... . 266 2276
Soft gray slate ........vvveviveneen 30 2306

3 2309

Hard sandy lime shell

When we consider the fact that all the formations which underlie
the district outcrop between Fienryetta and the mouth of the Canadian
River without revealing any limestone members of more than a few
inches in thickness it does not seem possible' that the report of a
limestone formation nearly 400 feet thick can be correct.

The normal structure of the district is monoclinal with low Jips
to the northwest. Tauiting, which is said to disappear toward the
northeast as an anticlinal fold, is reported in the immediate vicinity
of Henryetta. It is not known whethe. the development northeast
of Henryetta is associated with this folding or not.

In passing through the region of Hamilton Switch before there
was any development in the field the writer noticed some terraces or
arrested anticlines, but it is not known whether thee is any probable
relation between structure and production in the Preston pool or not.

ISOLATED OCCURPENCES.

Wildcat drilling has discovered a number of occurrences in the
old Creek Nation which are not without promise. One of these is a
gas well southeast of Bristow which developed an initial rock pressure
of about goo pounds and is at present supplying the city of Bristow
with gas. Another is a well recently drilled a few miles south of
Kevstone, at the mouth of the Cimarron River, which is reported to
have had an initial production of 200 barrels, but has settled to a
good steady well of about fifty barrels. Two or three small wells
were drilled several years ago near the town of Manford, while the
small development known as the Smith and Swan wells northwest of
Sapulpa have been producing for a number of years. In 1906-'07
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some small production was obtained about four miles northwest of
Beggs, and later a good gas well was drilled farther west. Paying
wells have also been discovered south of Mounds.

CONCLUSION. .

At present the development in the main oil and gas field of
Oklahoma is bounded on the north by the Kansas line, on the east
by the main line of the Katy railroad and on the west and south by a
line from Henryetta to Blackwel', passing through Jennings. There
seems every reason to believe that the development will go southward
from Muskogee and Henryetta, and westward at least as far as
Wewoka, Bristow, and Pawnee. As on> approaches the Redbeds,
drilling will become continuously more difficult due to the caving
tendency of the formations.

SEMINOLE COUNTY.

As at present developed, the only occurrence of petroleum or
natural gas in Seminole County is in the two sections lying just east
of Wewoka, the county seat. Oil was first discovered here in 1908
when it created considerable excitement. Development, however, has
been very slow and the possibilities of the field are not yet determined.
This pool is the farthest southwest of any development in the main
field. The latest available data show that three companies, namely,
the Wewoka Trading and Realty Cempany, the Southwestern Miring
Company, and the Chipco Company, have drilled wells in this region.

The operations of the Wewoka Trading and Realty Company
resulted in one good well and three failures. A pumping test of.
sixty days showed the producing well to have a capacity of 144
barrels. It is not known whether this company has done any drilling
during ‘the past year or mot. .The Southwestern Mining Company
has so far as now known, drilled but one well, and it is dry. The
Chipco Company, at the time of the last report, had also put in a dry
well and had started their No. 2. -Operations have been quiescent
during’ the past year, owing in part to the low prices of oil. There
seems no reason why the region should not be found a profitable one,
for it is well within the geologic province in which oil and gas occur
most abundantly in Oklahoma. The following log of Well No. 4, of
the Wewoka Trading and Realty Company is representative of con-
ditions as reported by the drillers.

Wewoka Trading and Realty Co. Well No. 4 on sec. 19, T. 8 N,

R. 8 E.
Thickness. Lenth,
Feet. Feet..
LIENE CIAY 4veeunreoranosennesosrooronrssesnsrransscnnases 26 26
Blue ghale (StICKY) ..ucvevivererrernnarrercorssiorianros 32 67
Hard Hght Hmestone ...ccocvevvercnensnrsrrorerriosssnes 4 61
Dark blue shale ......c.vevveevnsvencsorsns Penevesrreriens 49 110
Light sand (water 116 feet) ,....ecivevaiieraiiinrneense 17 127
ghale ..... vsesressnsssreastans severes veverssesassirreens 7 134
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Sandstone (broken formatlon) ........ herarean 28
Blue shale, sand shells abou t170 feet ........ secosensnee 108
Red shale ..evvverceneane sona hresernaeereans 5
Soft, light sand, full of w..ter .............. 10
Hard dark sand ........ ereraeaees eeeaens eseeseneese 10
Shale ...ovvievosrnnrninnanses e 35
Dark limestone ......c..vccveeees Crereseanan ceersaenven 30
Dark shale ..... sererearnene 30
Hard Ifmestone ..........o00 veseooes sererreessereesnans 10
Light shale «...cecnuveens PR R 81
P'a~k shale ..... tenersessveres tevs saerareereresivenveses 24
Red shale ,....cc.0v00 O 1111
Dark and light sha.le seresense PPN receeeveees veses 160
LIMEeSBtONe .coovecrroronsansrsssossrnacsssosssdasssarnssosses 3
White 8hale cvviveeerrsrrneeees ssasvsresnns T R L 21
‘White sand, much salt water blg oll ShOW t.ivenscccens 42
Light 8hale ,..oveeeveesrenosaesses eerrseraieersreenneons 4
Very hard white llmestone...... ....... terrersessieennre 10
Shale ,..eeeeeennees 93
Sandstone, good show of green oll 931 feet ceeressrreren 10
Llght shale ....... P & 1
Black shale ,... ceeens 26
White shale, (sott ca.ves badly) eraesesunas .e 10
Hard Umestone ........... esserarteseraraes [ 5
Sandatone (medium hard) [ T 22
Brown shale ... TR R TR 16
Hard white sandstone TR R TR T L) 12
DATK BhAIE veeeesrrensorcoserssssvscrsssrocersvsnsosoesss 140
Black 8hale ...ioeerveevrascsesrrsssrscrosscacraosanssranse 13
Hard limestons ........e.- ceenss aeersenes ceve . 2
White shale (caving) ... veivevreinercssrsnase 20
Soft, white RANA ...ieeeevrrvecncsnccrrasnes 44
White shale .....ocvevivicriininanses 61
Dark shale, show of ofl at’ 1460 feet .... 26
White shale, sand and lime shells ...... B8
Hard white sandstone ......c.coi0evnecness 8
White shale, top of sand; gas when struck 654
Gray sandstot. e, flows oll and water .. 21
‘White, soft "and salt water .......000000 131,
Hard white sandqtone, hole full of salt water 2
White sandstone ... 156
Sandstone ...... . 10
Blue sandstone .. 18
Soft white sund ... 4
Cloge formation .....eovevirersossssososcsssssannee 614

No correlation of the formations paésed through is attempted
because. the stratigraphic relctions are not yet determined and it is
known that the formations which are found in the region from Tulsa

north, in all probability, do not extend this far south.

It may be,

however, that some of the liemstones recorded in the log occupy
nearly the sante horizon as some of those north of the Arkansas River,

The rocks of the region consist of alternatmg sandstones, shales,
and limestones, of which che shales greatly predominate, though sand-
stotles are very abundant. Wewoka is situated about four miles west
of what is at present considered the base of the Sapulpa group as
described in this paper. Thus the Wewoka wells are begun at about
the same horizon as those in the Flatrock and Turly pools north of
Tulsa and just a little lower than the horizon at which the wells of
the Hogshooter field are sunk. The thickness of the Tulsa group,
which immediately underlies the Sapulpa series, is not known in this
.region, but it seems that the wells, which are usually about 1,650 to

1,700 feet deep, must pass entlrely below the horizon of the Calvin
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sandstone, the southern representavive of the horizon of the Claremore
formation. If such is the case the oil at Wewoka occurs at
approximately the same geologic horizon as does that of the Shallow
field of the Cherokee Nation.

MINOR OCCURRENCES OF OIL AND GAS

INTRODUCTION.

It is the purpose of the writer to discuss under this caption the
small fields and isolated occurrences of petroleura and natural gas
which have been discovered in the southern part of the State near
the Wichita and Arbuckle mountains, - Either oil or gas, or both have
been found in considerable amounts at Madill, Hope, Wheeler, Lawton,
Gotebo, and Granite, while seeps of viscous asphalt and heavy oil kave
been found, as stated in Part I. of this report, 2t numerous places
from Bokhoma to Granite, north as far as Ada and Page, and south to
the Red River. Petroleumr and natural gas, however, have not been
found in paying amounts €ast of Madill.© The area, therefore, to be
considered in a discussion of the geology of the petroleum bearing
belt of southern Oklahoma includes that portion of the 3State lying
south of the township line'b:tween townskips eight and nine north and
west of the range line pas-ing nea. Durant. The general geological
features of this region have already been discussed in. Part I. of this
report and the reader is referred thereto for data on the regicnal
geology of the district. ‘

GRANITE.

The first attempted oil development in the vicinity of Granite was
in 1go1, when a lozal company drilled a dry hole in the NE. 14 sec. 35,
in the southern part of the townsite. The hole was drilled 380 feet
deep, when granite was encountered and drilling stopped. Nothing
further was done until the summer of 19ot, when another hole was
drilled north of Headquarters Mountain in the SE. }4 NE. %4 sec. 10
about four miles northwest of the town of Granite. A little oil was
discovered at a depth of 168 feet. A pump was installed and productio.l
proved to be about three or four basrels per day. The yield continued
nearly uniform until the following year when an attempt was made
to increase the production by shoo*ing, but the well was destroyed.
During that summer (19o1) Dr. Price and associates of Chicago,
drilled a dry hole in the NE. 14 sec. 10, T.6 N,, R. 21 W,, toa depth
of 800 feet. The following summer the same persons drilled two holes
in the SE. 14 sec. 28, T. 5 N,, R. 21 W., to a depth of goo feet. It
is reported that a little gas was found and that indications were good
for oil, but for some reason both holes were lost. In 1903 there was
a hole drilled on the NW. 14 sec. 10, T. 6 N, R. 21 E,, about 100 feet
from the one which had produced at a depth of 168 feet. The oil
was again encountered at the same depth, but after producing a few
hundred gallons, the enterprise was abandoned. There was nothing
further done in the.region until 1904, when the Myers Qil Company



236 OKLAHOMA GEOLOGICAL SURVEY.,

undertook the drilling of a deep well in the SW, 14 SW. 4 sec. 24,
T. 7 N,, R. 21 W. Work on this well was carried on at different
times during the years 1904-'05-'06 until a total depth of over 2135
feet was finally reached. No pay sands were struck. It was repor'ted,
however, that oil and gas showings were encountered at various
horizons. Accerding to the driller’s log, furnished by Mr. Stacy, who
was 1 charge of the drilling, several showings of oil and gas were
encountered. The log follows:

Well on W. V5 of NW. Y sec. 24, T. 7 N., R, 21 W., about seven
wmiles north of Granite.

Thickness, Lepth
Feet. Feet.
8
REA ClBY toviviunisrrotnosioses svavernorareasracnsasovonns 8
QUICK B8ANA ....iiveiirserrartrasasssassassssossssssssssnse 10 lig
Green shale (trace of gas) 92 e
Brown shale .. 4 138
Green shale .. 20 i
Red shale .... 46 b
Light gray shale ,....cccveviensen b P44
Red 8hale ...iiecrecrarverrssrarorsoseasscns seseraereres . 135 3
GIp TOCK (haTd) .eeevvinninnirsnsencnecnsnsansonse Cearsens 3 s
Green Bhale ......oovevsnnsncens ves 5 A
Red shale (hard) ,.....ece0vne ciresrree 28 38
Green shale (some gas) ... .. '15 o
Red shale (hard) ..... SN .. '807 A
Green shale (hard) .....ev0e000 3 LE
Mixed red and green shale (ha_ @) ,...covervvnvsireraensse 19
Mixed hard and soft strata of red and greeun shale, g
strong ges and oll showing at 750 feet ....ccovvvevrane 100 00
Green and red shate, hard and soft, caves badly ....... 50 S?g
Conglomerate, hard (salt water) .......... 65 320
Conglomerate, hard and soft (some gas) .. b o
Light shale (soft and salt water) .......covcenvsnns 8 e
Conglomerate, soft green and red shales (caves) ....... 10 s
Green Shale ....ceerviuieeiisrvoreiacoesassrnssrosresssons m s
Sand, close, ricky, hard (oll showing) .......... vesesens 44 1059
Hard sand rock .......cevveerteeiceatecncssrtosasasns ‘ee 12
Soft sand rock ( ya9 forces oil and water 1663
Blue limestone .....cvivveeiidorsnennoes 5 1653
Sandy conglomerate, some shale (gas) 73 Hoe
Sandy conglomerate ....ccooeeeeevenves 30 1180
Sandstone (quartz apperrance), c...ecesreseesnns vesereaas 36 ETd
Sandy conglomerate (y-llow oll, gas) ...... sevetnarre ves 26 124
Quartz sand (pockets of oll and gas) .... 176 1418
Green and red shale, soft sand (caves) . 15 1590
Quartz sand, gray (some oil and gas) .. 241 1862
Quartz sand, soft (gas, oil, salt wunter) . 8
Quartz sand, greenlsh ......cieveenniianes 90 15
Quartz sand, very ha @ ...c.eiveivernrens 26 188
Sand, light gieen, soft (SOMe BAS) ....ecvvvvroanecssoass 30 e
Sand, "Braylsh .. ..vveieeiiiiiviiriesioiosornersosnsacoees 67 2082
Sand, blackish ......... e evreereeiasenretiaeane resravanes 53

It appears that traces of either oil or gas were encountered in
nearly every sandstone of importance from the top to the bottom of
this hole, but no pay was developed. The formations penetrated were
sandstones and shales only. No limestone is reported.

At the time the writer visited the field, January 1909, there was
a little sulphur gas escaping from one of the 168 foot wells in
sec.’ 10, T. 6 N,, R. 21 E. This, however, seemed to be entirely an
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emanation of hydrogen-sulphide which probably had its origin in the
disintegration of iron pyr:te (fool’s gold) crystals of which are often
seen in the outcrops of the chalcs.

At present, everything is quiescent in the field and no new
development is being attempted.

STRATIRAPHY

The geology of the Granite region is comparatively simple. The
mountains of that country consist of red pre-Cambrian granite,
composed chiefly of feldspar, quartz, and hornblende.

‘The mountains rise like islands fron: the Permian Redbeds, which
form .he surface of the surrounding country. The Redbeds consist
of alternating red shales and sandstones with occasional blue, gray
or white streaks and are geologically younger than the Pennsylvanian
rocks of the oil fields in thé northew.stern part of the State. The
Permian rocks lie unconformably on the crumpled and faulted forma-
tions of earlier geological times.

What is believed to be the true oil bearing formations of the
vicinity of Granite are covered by a blanket of Permian rocks and
it is impossible to get at their structure from surfacial observation.

While it is possible that oil and gas may be found in paying
quantities in this vicinity the geological conditions are such that one
would not be warranted in considering it as probable a region as the
main Oklahoma field, even though neither region had ever been tested
by the drill.

GOTEBO FIELD.

The Gotebo field lies south and southwest of the town of Gotebo
in northeastern Kiowa County. There have been, in all, between
thirty and fifty wells drilled in the field. The drilling was chiefly
done by five companies: the Whitewater Oil and Gas Company ; the
Gotebo Oil, Gas, and Brick Company ; the Deering Oil and Gas Com-
pany; and the New State Oil and Gas Company. Each of these com-
panies has met with some degree of success, but the first one named
has been the most fortunate and is now supplying the town with gas.

The rocks of the region are composed, in the main, of typical
Redbeds sandstones and shales, though there are occasional calcareous
streaks, conglomerate beds, and thin members of gray to greenish
shales. As a whole the formations have the general appearance of
being near the base of the Redbeds though their horizon was not
determined with certainty. The formations are cross-bedded, to some
extent, and the structure could not be readily outlined. . There are,
however, evidences of folding in the vicinity of the main field directly
south of Gotebo, but no attempt was made to determine whether or
not there seemed to be any relation between production and structure.

At the last detailed report the Whitewater Oil and Gas Company



238 OKLAIIOMA GEOLOGICAL SURVEY,

had drilled twenty-five wells, five of which were dry; eight yielded
some oil but five of the oil wells had been abandoned, and the remainder
produced gas on completion. The best oil well had an initial flow
of fifteen barrels but had settled to a daily -capacity of five to ten
barrels at the beginning of 19og. The best gas well tested 550,000
cubic feet daily when it was first brought in. “The deepest well drilled
by the Whitewater Company is 600 feet. It made a show of oil but

was abandoned.
. L)
Several wells have been drilled by the Whitewater Oil and Gas
Conpany since these data were procured but the results are as yet
unknown.

WI7W
RIEW.
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1
During the year 1908 the consumption of gas from the White- /«-’;‘* -

cubic feet. The rate is higher than-in the main field, being for 4 #s-

water Oil and Gas Company’s wells amounted to about 13,000,000 / \% i ‘."3

$0.30 per thousand until the customer has consumed 20,000 cubic feet,

when it is raised to $0.40 for the remainder of his consumption. At ¥

f
the time the field was visited the gas suppl,” exceeded the demand and
an indusirial rate of $0.10 per thousand. cubic feet was being offered. —---08 gt jﬁ‘? 48 ---p----3¢

domestic purposes $0.70 per tiousand for the. first 5,000 feet, then i \ a5 °
‘ ANy B
The rates now current are not known. B /\\’_’/.._ J L

i T.7N.

[

The Gotevo Oil, Gas, and Brick Company had, at the beginning . C T T A _ y
of 1909 three dry holes and three gas wells. They were at that time ' /

down nearly 1,700 feet on their seventh well but had met with no 4 &
success. It was reported that they intended to go to 2,500 feet but / : K

nothing is known of the results. So far as known this is the deepest :
hole in the field. : » , \ L

A log of this well was procured and seems to bear out the idea ¥
exepressed in the peginning of the discussion on the Gotebo field . !

that the surface rocks are near the base of the Permian, as no heavy -

limestones are “nown at any horizon of the Permian in - western Scales
Oklahoma. It is as follows: PR BEE T, SR - 3 e

Thickness. Tepth. o OWWel o Drilhy
Feet. Feet, *  Gaswwll s Abanzgnad

+ Dy Hoe

Character of For aation.

Red and blue shale and sandstone .......c.oveeeiserares 500 500

Thin limestone, shale and granite boulders .......oveeee 150 650 GOTEBO OIL AND GAS FIELD,
Hard blue limestone ........covivereereeranes ;
Sandstone and shale, show of gas E
Hard bHlue HMeStONne .....ocvvreceeerisesesrsrosscstvsses 85 835
Red shale (caves Hadly) ..ovveviareenanies 15 850
Very hard limestone ........cocecviinenne 270 ‘1120
Brown slaty Hmestone ......oveveriveraerossenes 60 1180
White hard flinty limestone, mud filled fissures ......... 245 1425
Blue and DIack SHAle ...ciecvrsseeirionsssessoraiisnones 200 1625
Grayish Hmestone ........o.ceiireeerratcrineerees Pavauas 56 1630

SU in the limestone when drilling was stoppei.

The Deering Oil and ‘Gas Company had, at the beginning of the
year, three wells, one a gas well of about 300,000 cubic feet per day
which also produced a little oil, and two oil wells which yielded about
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ten barrels each. Since that time they let a contract for six more wells,
the first of which was completed at 480 feet and is a good gasser for
the Gotebo district. The results of the other five in the contract
are not known.

When the field was examined the New State Company had two
small gassers each of which had an estimated daily capacity of about
300,000 cubic feet. Some of their leases are adjacent to the Gotebo
Oil, Gas, and Brick Company’s leases and more drilling has probably
resulted from the activity of that company.

CONCLUSION

In general the production of the Gutebo oil and gas field comes
from depths ranging from 3ou to about 400 feet; though traces of
both oil and gas have been found at deeper horizons, none have paid
to operate except, perhaps, the new wells of the Deering Company.

The sand ranges from a few, to thirty-five feet in thickness and
is usually very open. The rock pressure is low, and water is often
troublesome.

So far as known at present only one deep hole ha: been drilled.
It was found barren and seems to bear out the belief that the oil and
gas are found near the unconformity between the Permian Redbeds and
tne older Paleozoics involved.in the Wichita Mountain Uplift. In the
light of present data it is impossible to predict the probable presence
or absence of commercial quantities of vil and gas at greater depths
in the field. '

THE LAWTON FIELD.

In general the geoiogy of the Lawton field is analogous to that
of the regions around Granite and Gotebo. The Permian Redbeds
overlie the older Paleozoic rocks which are thought to be petroliferous
at some horizons, and have doubtless yielded the -upply found in the
wells of this region. The Redbeds thin out, owing to uplift and
erosion, a few miles northwest of the field and are asphalt bearing at
or< or two places near the base.

The gas produced by the Lawton OQil and Gas Company is piped
to Lawton and distributed for domestic purposes only. The production
supplies the demand only in part.

The prospecting for oil and gas in the vicinity of Lawton has
been done chiefly by a local concern, the Lawton Oil and Gas Com-
pany. A number of dry holes have been sunk in other parts of the
field by various persons but this company is the only one that has
secured paying productios..

The first well was located on the N. 4 NW. 14 sec. 6, T. 1 N,,
R. 10 W, just five miles east of I.awton. It was completed in August
of 1904 at a depth of 400 feet, and had an initial rock pressure of
125 pounds and a production of about half a million cubic feet of
gas per day.
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During the same year the company completed a well southeast of
their number one. Gas was not found, as had been anticipated, but a
light production of black oil was obtained. Nothing more was done
in the pool until 1go6 when a dry gas well was drilled in the E. %
NE. ¥ sec. 1, T. 1 N,, R. 11 W., being less than a half mile from -
the first one. It had an initial rock pressure of 100 pounds and | - ,
produced a little fess than a half million cubic feet of gas per day. e 2 \ $ z ! 3

The third well drilled by the Lawton Company was on N. % | ’ \

NW. 4 sec. 6, a location southeast of the first gas well. Oil was \ ,

found at a depth of 320 feet. Packers were so set as to save the

oil and the well was drilled on to the 400 foot sand where gas was ) L.
found. The initial rock pressure was about 100 pounds, and the well o N S I

is estimated to have produced 300,000 cubic feet per day, while the \,;}'9 wory
oil produced from the 320 foot sand originally amounted to about AN TL
15 barrels daily. A pump has been installed and the well is still § | . N1t

producing a little oil. 8 N R S \\g: I S SO

The same company’s well, number five, was drilled during 1906 \\
in the north half of the northwest quarter of section I, a few hundred \\ SIJ
feet morthwest of number three. Oil was found at a depth of 400 i S— § g P

—~1 A

feet. The capacity has never been tested, though oil is reported to § ( |
be standing within thirty feet of the top. \4 """ &
The next well driiled was 200 feet to the southwest of number
five and was brought in, during 1906, as a dry gasser at a depth of -
400 feet. In 1007 the well tested nearly 450,000 cubic feet per day.
Well number seven was drilled, during December 1906, a few
hundred feet southwest of the ons last mentioned. Oil of an estimated }
capacity of two or three barrels a day was found at a depth of 250! \
feet, Drilling continued to a depth of 390 feet where the gas was \l / U
found and the well completed as a gasser. The last well reported by o '

this company was completed during January of the present year. TR G N TN R i
Showings of oil were encountered at 225 and 250 feet, but the sand N\ o oomg| N
v/ : | e T P ] ™
b

4

was dry at 380 feet. Owing to the general topography of the region

the sand at 380 feet appears o be the regular 400 foot sand, so it is

probable that this wili ultimately prove to be a dry hole. Besides the S B L Bl maa VR— -

wells already enumerated the Lawton Natural Gas Company drilled P PR

one in the E. 4 NW. 14 sec. 6. It was completed during 1907 and - : -

produced oil in the 400 foot sand but has since heen abandoned. / | | . ?»
Wells drilled by companies other than the Lawton Natural Gas «:l ,§ ! ! N /[ ;

Company have uniformly been failures, as none of them have produced 3 ~
either oil or gas in merchartable quantitiées. Those to the southward -
from the Lawton Natural Gas Company’s productions were drilled to + EX
various depths ranging from 500 to 700 feet, while one in sec. 21,

T. 2 N, R. 11 W. is reported to have been drilled to a depth of 2,250

feet: Neither oil nor gas was found, but an artesian well, flowing the

full capacity of a four inch pipe, resulted. Another well drilled about

a mile farther east is reported to have produced a little gas at 500 feet.

Locationsdrilling
Tank
Pipe Lina
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4 Wiles

Scale:

LAWTON OIL AND GAS FIELD.
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GAS AT HOPE.

The occurrence of gas at Hope consists of a single well drilled
four or five years ago in sec. 12, T. 1 N., R. 6 W., about three miles
northeast of the town. Little is known, save that a considerable
acreage of leases was secured and this one test drilled. It is reported
that a flow of about 3,000,000 feet of gas was developed but no
authentic record could be obtained. The residents of the region say
the well could be heard roaring for a distance of nearly a mile. The
gas was ignited by accident and the rig was burned. The well is now
plugged and a large cedar pole has been driven into the casing,
which is still intact.

STRATIGRAPHY.

The rocks of the region consist of typical Permian Redbeds to
an unknown depth. The well is located on an anticline which trends
slightly west of north and seems to be the last expression of the fauit
which passes northwest from Arthur across sec. 6, T.1S,R. 5 W.
The rocks on either side of the fault are slightly asphaltic in the
section named. :

The possibilities of the region are unknown but it is thought
not improbable that a field at least as good as those at Lawton,
Wheeler, and Gotebo is probable. Structural conditions rival those:
at Petrolia, Clay County, Texas, and are better than in any of the
Oklahoma fields just mentioned. The occurrence and source of supply
it appears, must be analogous to those at Wheeler to be described later.

THE WHEELER FIELD.
INTRODUCTION

The Wheeler oil and gas field is located in the west central
part of Carter County in'secs. 16, 17 and 21, T.3 S, R. 2 W, about
eighteen miles northwest ot Ardmore, and is often spoken of as the
Ardmore field. It is within fifteen miles of the southwestern part of
the Arbuckle Mountain Upliit and on the water shed between Caddo
and Walnut creeks. Ardmore is the nearest railway station, though
the proposed line from Ardmore to Waurika is expected to pass about
eight miles to the southward of the field.

The information concerning the field was obtained through the
courtesies of H. B. Goodrich, manager of the fuel oil production
of the Santa Fe Railroad, from published reports of the United States
Geological Survey, and by personal observations.

~ The presence of oil seeps and the occurrence of asphaltic
bitumen saturaring some of the sandstones has been known in the
vicinity for many years, and Eldridge!®® in his report on the Asphalt

159 Eldridge, Geo. H., Asphalt and hituminous rock deposits of Indian Territory:
29nd Ann, Rept., U, 8. Geol. Survey, pt. 1., 1900-'01.



246 OKLAHOMA GEOLOGICAL SURVEY,

and Bituminous Rock Deposits of the Indian Territory suggested the
possible presence of oil in the vicinity, however it was not until 1904
that actual prospecting, under the direction of the fuel oil department
of the Santa Fe Railroad Company, proved its presence. During 1993,
a careful study of geological conditions in the region was made by
H. B. Goodrich who recommended the present site as a possible
producing area. The company then secured 1,980 acres of land in
fee and began drilling in May, 1904. :

There are two classes of rocks involved in the Wheeler region.
These have been described in considerable detail in Part I. of this
report and will only be mentioned here in a general way. The rocks
consist of Paleozoic strata from Cambrian to mid-Carboniferous times,
and the Permian Redbeds. Ot the first group only the Glenn forma-
tion of Carboniferous age, probably Pennsylvanian, is of immediate
interest in considering the Wheelet field.

The Glenn formation consists of alteruating sandstones and
shales, bituminous at many places where exposed, witli some unim-
portant limestone lentils interbedded. It is te rock asphalt bearing
horizon at Overbrook near Ardmore and at Woodford, while the
Permian rocks consist of typical Redbeds sandstones and shales,
constitute the surface in the immediate vicinity of Wheeler, seem to
yield the oil and gas of the field, and lie uncciaformably upon the
Glenn formation. ‘

STRATIGRAPHY

Sedimentation was interrupted during or probably near the close
of Pennsylvanian times by a profound uplift in the Arbuckle Mountain
region which resulted in folding, faulting and upturning of the strata
involved in the deformation. Thousands of feet of rocks have been
removed from above the present Arbuckle Mountains so that the
strata which once arched over the entire system are now represented
only by a narrow rim which outcrops around the core of older rocks.
Practically the same conditions obtaincd in the Criner Hills region 30
that the expanse between the Arbuckle Mountains and those hills
represents a structural trough, or syncline, of the closed type composed
almost entirely of rocks of the Glenn formation. The entire region

STRUCTURE

appears to have been worn down nearly to a plain so that the rocks
in the syncline outcrop in a nearly vertical attitude, and have a
northwest-southeast strike. Subsidence succeeded erosion and the
Permian Redbeds encroached from the northwest and were deposited
in a nearly level-lying position across the upturned members of the
Glenn formation. There are occasional irregularities in the Redbeds

which seem to suggest folding but owing to the unevenness of

3
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deposition no dcfinite structural forms have been determined in the
regioni of the oil and gas production. It is not thought that the
Redbeds of the “Vheeler pool have been sufficiently folded to influence
the accumulation of the oil and gas.

DEVELOPMENT

Development of the Wheeler field was begun by the Santa Fe.
Railway Company in May, 1904, after they had secured nearly 2,000"
acres of land in fee. Tha first well was undertaken with a Columbia
drilling machine on the NE. 24 SE. % sec. 21, T. 3 S, . 2 W,, but it
was soon discovered that the formations caved bLadly and the hole was
abaridoned. The second attempt resulted in a flow of gas at about
150 feet which supplied fuel for operating purposes for about two
months, when the gas was cut off by a cave. The hole was then
continued to 516 fiet and converted into a water well. The third
attempt resulted in the luss of nearly ail the tools in the field at a
depth of about 500 fect. It was not until October 1903 that a strike
was made which seemed to assure success. The company had found
the work so heavy that they began the use of the standard drilling’
outfit and carried their fourth well to a depth or 860 feet where a flow
of 6,000.000 cubic feet of gas was struck. Deeper drilling developed
a pay of oil, and an attempt was made to take the gas off through an
eight inch casing and the oil throngh a four inch tubing, but the casing
was not down to the gas sana and the shale caved and ctopped the flow
~of gas. In 1906 it was discovered, in the sixth well drilled in the pool,
that there are two pays, one of gas the other of oil, separated by a few,
feet of shale, the oil being below. Since that discovery many of the
_ wells have been finished as combination oil and gas wells. Tn such
the gas is takén from the higher sand througn the outside casing
while the oil is procured through a smaller casing or tubing.

The paying production both of oil and gas comes from a depth
of 860 to 1,000 feet, depending, it appears, on the present surface
irregularities and the unevenaess of the old pre-Permian land surface
upon which the Redbeds lie. ‘Some of the wells produce gas only, and
others oil alone, but as a rule both gas and oil are encountered and
occasionally one or the other is present in appreciable amounts in
every Redbeds sandstone penetrated by the drill. Although the Santa
Fe Company has completed more than thirty wells in the field only
a few of which, comparatively speaking, have been dry. Production
in gas has ranged from three and three-fourths million cubic feet per,
day to 13,500,000 cubic feet, while oil tests have shown from five to
sixty-eight barrels per day of a heavy black asphaltic oil from 20° to 23°
Baume. The marketing of oil has never been attempted as the
amount available does not warrant. the construction of transportation
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facilities. Two of the wells were put to a pumping test for one year
and were found to produce as much oil on the last day as on the first.
This seems to be a remarkable showing for wells of heavy oil, and
probably indicates a long life for the field.

Two deep wells have been drilled ir the field: one to 2,427 feet,
the other to nearly 4,000 feet, but no pay was found below the 1,000
foot sand. The records indicate that the horizon of the Redbeds is
passed at from 860 to 1,000 feet and the Pennsylvanian entered. From
the vast thickness of shale and limestone recorded and the difficulty
of keeping the hole straight, the formations seem to be dipping at
high angles.

Other companies have taken leases surrounding the field and
from time to time have drilled wells but none have developed paying
properties, either in oil or gas.

PROBABLE SOURCES OF THE OIL

The conditions under which the oil or gas, or both, o¢cur at
Granite, Gotebo, Lawton, Hope and Wheeler seem to be similar in all
essential respects: that is, they occur near the base of the Redbeds
close to the unconformity between the Permian rocks and the older
Paleozoic formations, so that what is said concerning the source of
supply of the Wheelsr oil is equaliy applicable to the other four
mentioned.

The Redbeds formations contain asphaltic bitumen in the Wheeler
field, and at numerous places in nearly every diretcion from the
developed area, as may be seen by reference to Part I. of this report.
The same is true in northern Texas in the region of Petrolia and
Wichita TFalls. So far as has yet been determined the Redbeds are
at least several hundred feet thick at all places where these asphaltic
deposits occur, and since the high state of oxidation in the Redbeds
is due to the absence of organic matter a* the time of the formation
of the rocks it does not seem possible that the oil und gas could have
originated within the Redbeds,

In Carter, Jefferson, and Love counties, Oklahoma, and in that
portion of Texas immediately south, thick deposits of Pennsylvanian
rocks that contain either oil or oil residuum (asphalt) where exposed,
pass under the Permian Redbeds. In Oklahoma the Pennsylvanian
beds are so tilted and broken that the Permian formations lie in
immediate contact with their upturned edges. :if those Carboniferous
rocks which lie buried had remained exposed there would now be
nothing left but the heavy non-volatile residuum: but since the Permian
rocks were deposited before the petroliferous strata of the older rocks
had been exposed long enough for the volatile oils to escape they had
a tendency to seal up the leaks. Deposition, however, is slow so that
the petroleum and gas became disseminated through the strata.
Furthermore there is no reason to believe that transportation of the
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hydrocarbons from one formation to the other should cease with
deposition especially when the deposited members are as porous as the
Redbeds. Thus, in the course of time, any oil in the carboniferous
beds below the Permian would be conveyed upward and would either.
rollect in the Redbeds or escape through them. It seems that for a
long period of time the latter was true in the Wheeler field for, it
tontains one of the largest deposits of brea known in the United
Btates, and even yet gas is escapiiig on the SW. 34 SE. 4 sec. 21,
tbout three quarters of a mile southwest of the place where the first
well was drilled. In the light of present data the underlying
Paleozoic rocks seem to be the only reasonable source from which the
Wheeler oil and gas could have come.

Owing to the fact that deep d.illing has failed to locate the source
i supply in the Pennsylvanian rocks irimediately below the Wheeler
field, it is suggested that the oil and gas may [.ave been transported
long the line of unconformity and the original deposit may be
ncountered at greater depths at some other place in the general region,
Chere are, however, no data at present available on which to base
his probability.

THE MADILL OIL FIELD.
LOCATION

The Madill field consists of a half score or more of oil wells,
isually showing a little gas, located in the southeastern part of
[. 5 S.,, R. 5 E., or about one and one-half miles southeast of Madill,
he county seat of Marshall County,

TOPOGRAPHY

The region surrounding Madill is essentially an undulating plain,
loping southwestward. The Washita River flows throug:i its broad
hallow valley about six miles north of Madill and the Red River
kat a little less than twice that distance to the southward.,

STRATIGRAPHY

The general stratigraphy of the region has been discussed in
Part I. of this report, so but brief mention need be made here.

By reference to the geological map of the region and to the cross
bction attached to the map of the Madill field it will be seen that
he rocks north of the Washita are granites and older Paleozoic
ediments. At the time of the Arbuckle uplift the older sediments
fere raised to a nearly vertical position, then worn down almost to
plain. Subsidence followed this wearing down, the sea encroached
tom the southeast, and the Cretaceous sandstones, limestones, and
hales were deposited ‘unconformably, upon the worn surface of the
Ider rocks,
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So far, oil has been found only in the Trinity sand—the breaking
down of which affords the sand in the Washita River, and Glasses
Creek huttoms—of Cretaceous age. The Trinity sand is locally
conglomeratic at or near the base, with occasional streaks of clay
shale at higher horizons. Tle composition of the conglomerate
varies from place to place, depending upon the character of the older
formations from which it was derived. Usually both the sand and
conglomerate of the Trinity are porous, and it is these which form
the reservoirs for tbe oil which has been developed near Madill. The
approximate thickness of the Trinity sand in this region is 400 feet
but owing to irregularities in the old pre-Cretaceous land surafce this
thickness may greatly increase or decrease in comparatively short
distances.

The Goodland limestone lies conformably upon the Trinity sand
ard is the limestone which occurs at the surface in the vicinity of the
development, and forms the bluffs of Glasses Creek. Farther south,
however, higher members of the Cretaceous series appear, thus
increasing the depth to the Trinity sand.

STRUCTURE

Broadly speaking theré are two structural features in the
vicinity of Madill which may have a direct bearing on the deposits of
oil and gas in the region. One of these is the Arbuckle Uplift, the
other is the Cretaceous monocline. The Arbuckle Uplift involved the
pre-Cambrian granites of the Tishomingo district and all Paleozoic
rocks up to and including the mid-Carboniferous or Pennsylvanian
formations. All of the rocks were brought up together; the granites
being faulted and the sedimentarizs folded and upturned, with
occasional breaking and mashing, so that they are often found on edge,
or dipping in various diretcions at L:igh angles, in marked variance to
the younger Cretaceous rocks which lie almost flat or incline gently
in a single direction forming what is structurally known as a monocline,

Carboniferous and older Paleozoic strata are not exposed in the
immediate vicinity of Madill but they have been examined in con-
siderable detail beyond the limits of the Cretaceous overlap both ta
the north and west. Where exposed, the older formations are steeply
inclined toward the southwest, trend northwest-southeast parallel tc
the Arbuckle Mountain uplift, and thus pass from view under the
Cretaceous formations which occur as shown on the map of the
southwest field.

The structure of the Trinity sand and overlying formations ig
simple. They succeed each other as a conformable series, and probably
now have nearly the same attitude as at the time of deposition, that is
they lie almost flat. However, at the time of the post-Cretaceous
uplift the Arbuckle Mountain region rose higher than the region td
the southeast, thus giving the Trinity sand and succeeding formations
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a gentle southeasterly dip. There are some very slight warpings
reported but none which are thought to be of sufficient magnitude to
have in any wise affected the accumulation of oil and gas.

The most prominent structural feature of the Cretaceous of
Oklahoma is the Red River fault which trends west of northwest in
the vicinity of Red River, but it is not at all probable that it has in any
way influenced the oil deposits near Madill.

No careful examinations of the Madill oil have been made by
this Survey so the United States Geological Survey16® is quoted :

A fresh samyle of crude petroleum was obtalned from a well one and one-half

miles southeast of Madill a] d shipped to Washington In a gas and ofl tight
receptacle and analyzed in the laboratory of the United States Geologlcal Survey

by David T. Tay.

_ The crude Madill ofl Is very liquid. Its color in reflected light is dark
ollve and in transmitted Mght a dark wine. The specific gravity at 60° F. was
0.7887; the Baume’' gravity 47.5°. On distillation by Engler's method 100 cuble
centimeters of crude oil began to boil at 65° C. While heating from 65° C. to
150° C, 22 cubic centimeters of gasoline were given off, the specific gravity of
which was 0.7118. From 150° C, to 300° C. 38 cubic centimeters of kerosene
were glven off, with 'a specifi. gravity of 0.7788. After heating to this
temperature 86.8 cubic centimeters remained as a residuum, of which the specific
gravity was 0.8669. In this rosiduum 7.41 cubie centimeters were determined as
paraffin, no trace of asphalt being found. Eight per cent of the crude sample
and one mer cent of the ‘kerosene proved to be made up of unsaturated
hydrocarbons, :

The gravity of this oll, 47.5° Baume’, is approx! nately 7% higher than that
of the best oll produced at Muskogee, or 13° higher than that of the average
Mid-Continent crude oil. On distillation the crude petroleum gave 60 per cent
of lighter ofl (gasoline and kerosene), about 7 per cent of paraffin, and little
or no asphalt. The 60 per cent of lighter ofl ylelded approximately 22 per cent
of gasoline and 30 per cent of kerosene. The average crude oll from the
Mid-Cont'nent fleld, when distilled, produecs hardly 50 per cent of lighter olls,
with a ratio of about 1 to 4, kecosene predominating,

OCCURRENCE OF THE OIL,

The oil of the Madill district so far as developed, is all within
the horizon of the Triuity formation but in uncemented sand and
gravel near the base. Gas has often been encountered at higher
levels and asphalt occurs locaily impregnating other Trinity horizons
along the outcrop in the bluffs of the Washita River and Oil Creek to
the north. This would seem to indicate that oil may occur at these
higher horizons further south where they lie further below the surface.
There are, however, no krown structural or other geologic features
observablfe which will enable one to even approximate the most
probable place of oil accumulation.

The exact thickness of the oil sand is unknown, but from the
most reliable data at hand it appears that it is from tventy-five to
thirty feet.

' DEVELOPMENT.

The first paying well in the Madill pool was completed during

the summer of 1906 on the Arbuckle farm in the SW. % sec. 25, T. 5
S., R. 5 E. The exact number of wells that have been drilled since
160 Taff, J 2., and Reed.' W. J.. The Madlll o1l pool, Oklahoma: Contributions

to 8%c&nomlc Geology, 1908, Part II., Bull. U. §. Geol. Survey No. 881-D, 1909,
p. 38-39,
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is not known, though they have been drilled in every direction from
the pool. In April 1909 there were only four or five producing wells.
The largest oil producing well of the field was completed on the
twenty-second day of March 1909, and was rumored to be making
1,000 barrels, natural, per day. On investigation, however, it seems
that 400 barrels would have been a liberal estimate of its capacity.
The striking of this well revived operations in the fie!d and a’large
acreage was leased by variois companies, and several new wells were
drilled but so far as has yet been learned the etfort did not extend
the prolific territory far beyond the limits of the Arbuckle farm,

PROBABLE SOURCE OF THE OIL

Taff and Reed!®! have summarized conditions which appear to
control the source of the Madill oil in a report to the United States
Geological Survey, and are here quotzd on that subject:

The Trinily sand i3 known to contaln petroleum or bitumen, a residue -of
crude petroleum, at various localities In southwestein A-kansas, southern
Oklahoma, and Texas. At all the localitles where this crude petroleum or lts®
residue have been found the Trinlty sand iIs several hundred feet thick. This
sand is a beach or shallow-water deposit of siliceous sand with local cumparat(ve{y
thin beds of clay. It contains exceedingly scanty remains ~f organic life, either
vegetable or anfmal. I¥ere and there trin shell limestone layers occur in the
central part of the formation, and at widely separaied localities silicified wood
has been found, but nowhire is there sufficient evidence of the occurrence of
organic matter to warrant the assumption that the oll originated In the
formation that contains it.

In southwestern Arkansas and in northern Texas, ag well as in southern
Oklahoma, thick deposits of Carhoniferous rocks that contain oll resfddes underlie
the Trinity sand. Furthermore, tne Carboniferous beds are tilted ’'n such a
manner that their edges »roject against the base of the Trinity sand. Any oil
in the Carboniferous sirata bencath the Trinity would In the course of time
be conveyed upward and would either lodge in t¥at sand or find an exit through
it to the surface. There seems at present no other reasconable explanation than
that the oil of the Mad!ll pool had its source In the underlying Paleozolc strata.

Whether the oil tn {ts present position near the base of the ‘. rinity sand
is contiguous to the original oll-bearing strata of the subjacent rocks, or
whether it has migrated laterally, mavy possiuly be determined by the drill.
Should original oll-bearing strata beneath the Trinity rind be tapped by the
drill, the inference is that such oll-bearing rocks would b¢ found to trend in a
northwest-southeast direction, with the strike of the rocks in the Arbuckle
uplift as exposed in the district to the north and west of Madlll.

161 Taff, J. A., and Reed, W, J., The Madlll oit pool, Oklahora: Contrib, Econ,
Geol., 1908, Part II., Bull. U. 8. Geol. Survey No, 381-D, 1909, p. 41.
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