





































































































68 OIL AND GAS IN OKLAHOMA

Trinity sand, of Lower Cretaceous age, was deposited throughout
most of southern: Oklahoma, and probably on the Criner Hills. The
character of folding of the Cretaceous is indicated in the Preston an-
ticline of Marshall County, yet the Cretaceous beds do.rot reflect
folding in the older rocks in Cooke County, Texas.
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(INustration through courtesy of American Association of Petroleum Geologists)

Figure 12. Structure contours, above ses level, of the surface geology, Brock
(Crinerville) anticline. Contour interval, 100 feet. Datum, sea level. Location
of the discovery well is shown.

Later uplift has elevated the peneplain of the Arbuckles and the
antecedent Washita River. Still later uplift has elevated the lower
peneplain of the softer rocks. It is difficult to connect the anticlinal
hills of Healdton, Hewitt, Velma, and other fields with differential up-
lift in post-Cretaceous time because most of the anticlines in the Mid-
Continent region have been hills at several times since the Ordovician.
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STRUCTURE

Surface Structure. The axis of the Crinerville fold extends
northwest and southeast, but it might be termed a “geological accident”
because of its superposition on truncated Ordovician limestones and its
faulted relationship to the present Criner Hills with downthrown beds

dipping steeply toward a normal fault, and also because the fold dies
out at a shallow depth.

ONE MILE

(Ill}xstra,tion through courtesy of American Association of Petroleum Geologists)

PFigure 13. Structure contours of the Brock (Crinerville) oil field, below sea

level, on the ‘‘second’’ oil sand. Contour interval, 50 feet. Location shown

of sections D-D of Figure 15. The anticline at the surface cannot be recognized
at this horizon, depth 900-1,800 feet.
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The surface structure contour map of the anticline (Fig. 12)
is based on planetable mapping of limestone outcrops. In order to
- confirm the presence of a northeast dip where there are no exposures,
several excavations were made in the Pennsylvanian shales at the
faulted contact with the Criner Hills, and two lines of shallow holes
were drilled across the axis of the anticline. Instead of drag dips, steep
northeast dips were found in the shales at the fault plane.

The anticline is a symmetrical fold which starts in sec. 2, T. 6 S.,
R. 1 E, as a nose.cut off on the south by a fault against the Criner
Hills. The axis runs parallel to the fault at the west side of the Criner
Hills as far as the center of the west line of sec. 17, T. 5 S,, R. 1 E,,
where it is cut off by a fault. North of this point the limestones bend
broadly around the Criner Hills and do not seem to be affected by the
Crinerville fold. The length of the fold is 4 miles.

Closure was not found along the anticlinal axis, though there is
almost a closure in the southeast corner of section 20. In section 34 the
axis plunges more steeply northwest and older beds occur at the surface.

Faulting is very common at the surface, but minor faults die out
at a shallow depth. o

Subsurface Structure. The structure on the second oil sand is
shown in Figure 13. There is a general southwesterly dip, with high
areas in sections 20, 28, 34, and separated by synclines. The cross-
faults at the surface (Fig. 12) are not clearly shown at this horizon,
but those with the largest throw may extend to this depth. Another
fault is shown in sections 21 and 17 parallel to the Criner Hills because
the Ordovician was found in the easternmost well 400 feet higher than
in the offset on the west in section 21. The correlations are too unsat-
isfactory to prove that this fault cuts the Pennsylvanian.

The eroded and folded surface of the Ordovician (Fig. 14) re-
sembles the structure of the second sand, but the west slope is much
steeper and there is a more pronounced flattening in the E.}4 of
section 20. The Pennsylvanian sands overlap this surface, and each
has a separate short line against it. The highest, or first, sand has
its 'shore line on the eastern edge of the field in sections 28 and 34.
Low hills and valleys, with a local relief of 50 feet or less, have been
found on the surface of the limestone, and some of the hills project
above .the pay sand in the SE. cor. section 20, the SE.14 section 28,
and cen. section 34 (Fig 13). The larger valleys underlie those
shown on the second sand map. This relief is in places so local that
both in section 28 and in section 20 a five-spot well in the center of a
rectangle of producers 400 feet and 460 feet apart was a dry hole be-
cause the lime projected above the level of the sand..
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The distribution and structure of the oil sarids which rest against
and on the Ordovician unconformity are determined by the configura-
tion of this surface in upper Deese time. Explanation of the irregulari-
ties in the surface of the Ordovician is found in the lithology of the
older rocks. - The folding which made the anticline in the upper beds
tilted all the rocks toward the southwest at an angle of about 10°.
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(Illustration through courtesy of American Association of Petroleum Geologists)

Figure 14. Structure contours of the Brock (Crinerville) oil field on the

eroded surface of the Ordovician, below sea-level, at a depth undérground of

1,200-2,500 feet in the producing area. There is no hil¥ on this eroded surface

underlying the anticline at the surface. Oil was produced from the Ordovieian

in four wells surrounding the NE. cor SE.14 SE.Y section 20. Contour interval
50 feet.
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Figure 15. Cross-sections of the Brock (Crinerville) oil field showing that

the anticline disappears in the Pennsylvanian strata and that the eroded sur-

face of the Ordovician is irregular. The subsidiary fault block west of the

main Criner Hills fault was a topographie ridge during the deposition of the

Pennsylvanian. Location of the gections shown on Figures 12 and 13. Length
of section A-A’, one mile, and depth, 2,500 feet. Vertical scale in feet.
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FAULTING

The gently curved fault line which separates the Peunsylvanian
and Ordovician at the surface slopes away from the Hills at an angle
of about 70°. The sinuous plane in many places follows the strike
of the steeply tilted limestones, and this fact makes the contact appear
as though the Penusylvanian shales had slid away from steep-sided
limestone hills. Drilling has, however, proved a major fault with a drop
of about 1,000 feet. The fault seems to turn at right angles in sec. 17
and to continue northeast; farther east it makes two more similar
turns to encompass the north end of the hills, or else there are two
sets of faults.” It is possible that at these corners short faults extend
between the Pennsylvanian outcrops, and therefore cannot be found.

South of the oil field the major fault turns and extends north
and south and cuts off the anticline in secs. 1 and 2, T. 6 S., R. 1 E.
Still farther south the Pennsylvanian beds dip away from the fault
at an angle of 15° and there is no anticline.

On the map of surface structure contours (Fig. 12) several cross-
faults may be seen, each with a downthrow on the northwest. The
maximum vertical displacement along the major faults is 250 feet.
Innumerable small faults occur which cannot be shown except on a
large-scale map, ard many other faults probably exist in the area of
jo exposures. The major faults have their greatest displacement at
the crest of the anticline, and most of the faults practically die out
at a depth of about 900 feet. In these particulars they resemble the
faults at Salt Creek, Wyoming.

Both the anticlinal and the minor faults disappear within 900 to
1,000 feet of the surface by flowage of the shale. It is clear that
the anticline is not due to settling or compacting of the shales—one
of the theories advanced to account for the anticlinal folds in north-
ern Oklahoma. Tt was made by the same tangential compression which
squeezed the Pennsylvanian sediments of the Ardmore basin into
tightly folded long anticlines and synclines. Intensity of folding seems
to increase upward, but this appearance may be due to buckling against
the major fault plane. There are ro drag dips in the Pennsylvanian at
this fault, but instead there are steep dips toward the plane. The minor
cross-faults may have heen caused by this buckling.

RESERVOIR ROCKS

The reservoir rocks, with the exception of the Ordovician lime-
stone in four wells which produced from this horizon, are thin fine-
grained sands which feather out or merge into brown shale where they
intersect the unconformable surface of the older limestone. . The
46. C. W. Tomlinson believes that thece contacts on the northern edge of the

Criner Hills are unconformities instead of faults; (Letter of October 19,
1926).
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productivity of wells has not been as great as in similar fields of
southern Oklahoma, comparing sands of equal thickness. This may
be due to shale content. There are no “shells” or cap rocks over the
sands, and the change from shale to sand in cable-tool wells is frequent-
ly noticed only from cuttings. During Pennsylvanian sedimentation no
sandstone was exposed in the Criner Hills, and the nearest source for
qQuartz grains must have been miles away ; hence the oil sands probably
represent material derived from the washing of sandy muds at or near
sea-level in a shallow sea free from well-defined beaches and bars and
entirely free from pebbles derived from the underlying limestone.

Volume of gas and water pressure are both low. The gas wells
have yielded less than 5,000,000 cubic feet a day. Water has not been
troublesome except in one well drilled into the Ordovician, from which

a pocket of sulphur gas caused am artesian flow of sulphur water for
several days.

Pennsylvanian shales are evidently the source rocks, and in this
field, where the sands are more or less lenticular, it seems logical to
assume the generation of oil locally.

Development of the field has brought many surprises. It was
first thought that the oil sands were anticlinal, and that production
would be both east and west of the axis of the surface anticline ; but
the structure proved to be three terraces on a monocline, and the wells
on the reverse dips in sections 20 and 21 found brown shale instead of
sand. It was also thought that accumulation would be on the more
gentle dips, but the reverse is true. Wells making 200 barrels offset
small wells making 25 barrels, and the explanation appears to be sand
condition rather than structure. Salt-water wells and some which
missed the oil sands have been drilled along the supposed trace of sub-
surface cross-faults which are beneath the major surface faults. The
small wells in section 34, where the structure resembles that in section
28, are explained by a thin and shaly sand. In brief, accumulation
depends on the lensing-out of the sands and on the lithology of the
sand bodies. Accumulation under similar structural conditions may be
expected beneath any homocline where sands in a thick shale section are
cut off by progressive overlap on an older eroded surface; especially
with the aid of anticlinal nosing to localize the accumulation.

DEVELOPMENT

The Crinerville anticline seems to have been known since about
1916, but neglected as a possible oil prospect. It was discovered by
Amerada Petroleum Corporation about June 1, 1920, and the lease-
hold was secured in 1920 and 1921, giving a solid block except for fee
lands of Westheimer & Daube and F. E. Watkins.

The discovery well, Sammy Baptiste No. 1, was located by E. L.
DeGolyer near the center of the SE.14 sec. 20, on the west side of the
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small closure in contours of the surface geology shown in Figure 1.
It was commenced in December, 1921, and the first sand was stru.ck
at 1,321 feet, January 15, 1922. The first sand was only 4 feet thick
ard good for about 50 barrels. A second sand at 1,371 feet was good
for 20 barrels; and a third, from 1,564 to 1,629 feet, made 90 barrels.
This well flowed from the third sand for 3 years before it was put on
the pump. These three are the principal sands in section 20, the wells
being completed so that they produce either from the first two to-
gether by setting a perforated liner through the first sand, or else from
the third sand. Two deeper oil sands, called the fourth and fifth, occur
locally on the northern and western flanks of the anticline.

Soon after the discovery of the field, Westheime.r & D_aube com-
pleted a well in section 21 in the top of the Ordovician, with “sand”
at depths ranging from 1,585 to 1,682 feet, flowing 250 barrels. The
Pennsylvanian sands were not productive. Two offsets to this well
made 600 to 1,100 barrels, respectively; but the well highest in the
producing horizon drained the oil, and all three wells declined rapidly
and were abandoned within a year. As the oil was exhausted the
sulphur water increased. With the exception of one gas well, other
nearby wells drilled into the Ordovician found only sulphur water with
more or less sulphur gas.

The field was a disappointment until large wells were found in
the north half of section 20 in 1923. By 1924, production seemed
to be defired by dry holes. A hand drill was used to locate the axis
of the anticline at the surface in sections 28 and 27, and a well was
drilled on the Clay farm, in the center of the west line of the NE.4
sec. 28 on this axis.

Oil was found in a sand from 1,074 to 1,083 feet ‘in Clay No. 1
on October 27, 1924. The well flowed 230 barrels steadily and opened
the extension in section 28. The main producing horizon is the second
sand. A few wells yield oil from a sand intermediate between the
first and second of the original field, but not present there.

A second extension of production, in section 34, near the center
of the section, was made in May, 1925, but the wells are very small.

OlIL AND GAS

The oil is green by reflected light and amber by transmitted light,
and is similar to other Mid-Continent oil of the same grade. The av-
erage gravity in section 20 is 34°; in section 28, 39°; and in section
34,27.8°. The oil in the last two pools is darket than that of the same
gravity in section 20. The gravity of the oil in the fourth and fifth
sands is 36°, and the color is lighter. The gravity of the oil in the
Ordovician limestone was the same as in the Pennsylvanian sands.
Differences in gravity of the oil in the three pools indicate no con-
nection between the sands.
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The casinghead gas carries 115-2% gallons of gasoline per thou-
sand cubic feet of gas, and the volume of casinghead gas in section 20
is approximately 1,000 cubic feet per barrel of oil, and only half this
amount in section 28. It is notable that the oil from the Ordovician
was low in sulphur, although the accompanying gas was full of sulphur.

Gas has been found in three wells in Pennsylvanian sands and in
one well in the Ordovician limestone. The maximum volume of the
first wells did not exceed 3,000,000 cubic feet, but on Ordovician well
(Marris No. 2) had a volume of 30,000,000 cubic feet of sulphur gas
and caused an artesian flow of salt water of 15,000 barrels a day with
about 200 barrels of oil. The rock pressure at Farve No. 9, in section
20 was only 335 pourds at 1,486 feet, instead of a normal pressure
of about 500 pounds.

WATER

Water pressure is very low throughout the field, and this is
one of the reasons for the small production. There is bottom water in
section 28, and several wells have been plugged back. Edge water
has not encroached on the field. Water invariably produces 2-8 per
cent of bottom sediment which is treated chemically and settled out.

Water pressure was high in the Ordovician limestone and flowed
all the oil out of this limited reservoir. Two of the wells flowed 600
barrels of oil a day, but the producing horizon was so closely conne
underground that each well affected the others and all went to water
eventually, the highest well structurally being the last flooded. After
water appeared in a well it increased very rapidly in quantity. Water
and gas from the Ordovician have a strong sulphur odor.

OlL. AND GAS PRODUCTION
All of the wells are drilled with standard tools, and the average

time of drilling 1,000 feet is 3 weeks. The spacing is 4 acres to the well.

The productive life of the field will probably be at least 20 years.
The maximum production per acre will be 10,000 barrels for the
100 acres of the Farve lease, and 7,000 barrels for the Sammy
Baptiste lease south of it. Owing to the fact that there is only one
good oil sand in section 28, the production there will be only 5,000
barrels per acre.

The total ultimate yield of the field will be about 3,300,000 barrels
from 560 acres, or 5,900 barrels per acre.

Log of Amerada Petroleum Corp., No. 5, J. Gardner.
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SW.14 NW.%4 NE.% see. 20, T. 5 8., R. 1 E. Completed June 24, 1924.

Formation
50il

gravel

lime

clay yellow
mud blue
sand, hard, dry
water sand
blue shale
lime

sand

blue shale
water sand

7 bailers water per hour

lime

blue shale

lime

blue shale

water sand

3 bailers water per hour

blue shale
sand

blue shale
mud blue
lime

sand dry
shale
water sand
blue shale
water sand
blue shale
lime blue
hlue shale
lime

sand

shale

Top
0

7

9
14
20
60
70
80
124
134
147
160

169
172
181
217
410

420
425
438
470
510
530
552
572
590
596
604
769
777
960
1003
1010

Bottom

7

9
14
20
60
70
80
124
134
147
160
169

172
181
217
410
420

425
438

Formation Top
lime 1016
dry sand 1018
shale blue 1020
sand 1140
shale blue 1150
sand-show oil 1170
blue shale 1182
sandy shale 1325
sand 1330
sandy shale 1340
sand 1368
sandy shale 1371
sand 1386
sandy shale 1389
sand 1403
show of oil

sandy lime 1406
sandy shale 1411
gravel 1445
red roek 1455
blue shale 1469
sandy lime 1477
shale 1484
broken sand 1488
show of oil

shale & sand blue 1494
sand 1506
showing of oil black
mud blue 1520
shale blue 1543
red bed 1610
lime 1615
oil sand 1625
blue shale 1660

Total Depth

Bottom

1018
1020
1140
1150
1170
1182
1325
1330
1340
1368
1371
1386
1389
1403
1406

1411
1445
1455
1469
1477
1484
1488
1494

1506
1520

1543
1610
1615
1625
1660
1667
1667



Statistical Data on Carter County Qil and Gas Fields.
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HEALDTON! |Aug. 1913 |Mar. 1917 56,000 14,403 ... 6,000 180 148,211,277 (a) 7,250 1,950 3.7 20,443| 26-42| 0.60 450-2,700
HEWITT June 1919 (Sept. 1921 43,900 8,397 s 14,000 300 59,474,947 (a) 2,780 784 34 21,393 33-38; 3.00| 1,100-3,530
GRAHAM Mch. 1922 jApr. 1924 16,800 4,706 43( 1,200 260 15,516,277 11,000%| 2,740e 322 8.0 69| 6,014 27-38 1.50 1,40'0-3,400
FOX Oct. 1918 |Apr. 1922 4,400 1,828 60| 600 125 8,522,934] 37,000% 1,530d 105 9.8 83| 7,678 27-35| 1.00{ 1,800-3,600
BAYOU Feb. 1921 1922 2,000% 250% 500, 175 1,867,750%  (a) 175 29% [+ 0] — 10,673| 32-36| 1.80; 2.200-3,900
BROCK Jan. 1921 |Aug. 1925 2,200 919 1,100 50 2,580,249 (a) 480¢ 130 3. I—— 5,375| 27-37| 2.00 800-2,100
SHOLOM '
ALECHEM! |Oct. 1923 (June 1927 18,628 11,560 73] 2,980 280 8,014,670 (b) 2,210e 238k 9.7 4,072| 27-36 1.50| 1,900-4,000
WHEELER Oct. 1905 1920? 300 100* 13% 68 15% 250,000* 500%* 640 50f 6.0 391*| 17-23| 0.50 860-1,000
WILDCAT
JIM 1917  |Nov. 1926 1,590 1,017 1,100 100 L [oR: V4 | E—— 410 41g] 10.0|.. 2,083] 19-30) 1.00| 1,500-2,700
HOMER 1916 1925 75% 401 10* 3% 5,000%]...ccoenee 30 15fm 1.5 - 187* 20*  0.50 40-250
COX Jan. 1926 |Nov. 1926 400 244 .. 220 52 RSN 102] 250 25| 10.0 774| 20-27{ 1.30| 1,000-1,400
ROUNDUP  (Ma.1926 |Jan.1927 30 20 24 25 12,071 | oo 30 3| 100} 402" 28| 1.50; 1,025-1,280
SOPASCO Feb. 1926 1926 5 0 3 2 500%* 20 2 100 25% 11-18| 0.75 " 165-480
BLUE
RIBBON? May 1926 19262 35 2 30 25 . 2,300* 10 2 5.0 230% 27| 1.55 685-700
TATUMS Jan. 1927 Future | Future 500% | 425 212 90,000%  (a) 70 70 100 1,300+ 20-28; 0.85| 2,200-2,750
TOTALS - 74,000  43,997|cece... 14,000 103| 245,513,384 48,500| 18,555( 3,381 6.2 52/ 13,853 11-42} 1.32h 40-4,000
EXPLANATION:
L. Includes small area in Stephens Countg. e. Includes 220 acres gielding only gas. k. Includes 24 gas wells.
2. Blue Ribbon School House, sec. 19, T. 4 5., R. 1 W. J. Does not include abandoned wells. I Less than 3%9% of total area of Carter County
* Approximate value. g. Includes 4 gas wells. (532,480 acres).
a. Casinghead gas only. h. Average of all fields. N
b. Used in field only. i. Reported capacity; not producing steadily at this m. Not on steady production.



