




























































































































































































64 GRAYWACKES

Of the minor constituents, chert and feldspar are present in
nearly every sample but usually in amounts of less than one per
cent. The feldspar includes microcline, sodic plagioclase, and or-
thoclase. The orthoclase is badly weathered, but the microcline
and plagioclase are fresh though partial calcite replacement of
microcline is common.

Glauconite is prominent in some of the Springer quartzites,
especially the coarser ones. In these there may be up to five per
cent glauconite. None was seen in any of the other formations.

Fieure 23. Quartz grains from sample D-70 (plane polarized light).

Figure 24. Quartz grains from Hoxbar sandstone (H-Z-90).

Quartzose graywackes (rock fragment rich) —The bulk of the
Dornick Hills and Deese sandstones, the subsurface Hoxbar sand-
stones, and a few beds in the surface Hoxbar are rocks intermediate
in composition between orthoquartzites and graywackes. This
general rock type makes up close to two-thirds of all sandstones
in the basin.

The median quartz content of these rocks is eighty per cent,
and the range is from about 55 per cent (D-234) to 90 per cent
(D-176). The balance of the sandstone is muostly various kinds
of rock fragments, but also consistently present are minor amounts
of feldspar, chert, and clay minerals.

The quartz in these sandstones is identical to that of the
orthoquartzites in the Springer, Dornick Hills, and Deese groups
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It is angular and pock-marked, and an appreciable proportion
(5 to 20 per cent) is vein quartz as in the quartzites.

Rock fragments make up 2 to 32 per cent of these sandstones,
and are the distinctive feature of them. The rock fragments
have within any given sample a slightly coarser size distribution
than the quartz grains, but in general the proportion of rock
fragments is lower in the coarser-grained sandstones.

About two-thirds of the rock fragments are fine-grained clay
rocks, mostly shale but possibly including some slate. Two general
types can be recognized. One is gray to greenish-gray and 1s
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FIGURE 25.

‘F‘ossﬂ fr;;gments in a prmér s fone ( 3.
extremely fine-grained, in which no individual constituents can
be determined, and there is no evidence of bedding. The second
type is gray-brown, and the illite-sericite fraction is coarse enough
to give a characteristic yellow to red birefringence; orientation of
the fine micas is variable, but in some grains is good enough to
suggest the rock may be slate rather than shale. The shale frag-
ments are nearly all well-rounded, but an appreciable proportion,
particularly of the second type, are strongly eclongate. There
has not been strong deformation of these soft rock fragments
around the quartz grains though isolated grains warped in this
fashion can be found in most samples.

Siltstone or silty shale fragments are found in nearly all
samples, but they are never abundant. They consist of small
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quartz grains, 20 to 50 microns in diameter, distributed throngh
a clayey matrix. The proportion of grains to matrix is somewhat
variable, but the grains usually dominate.

Several varieties of metamorphic rock are represented in the
rock fragments. These include phyllite, marked by its wavy bed-
ding and relatively coarse mica, and quartz-mica schist. Prob-
ably several types of schist are present. The most common is a
relatively coarse-grained (about 0.1:).2 mm.) quartz-sericite rock
in which there is a low degree of orientation. The second type
has fine-grained quartz and well-developed muscovite flakes which
are perfectly oriented.

Freure 26. Contact of Springer sandstone and oolitic limestone (8-444).
Plane polarized light.

Limestone fragments occur in most of the core samples from
the western part of the basin, and constitute as much as eight per
cent of some samples, but none was seen in any of the surface
samples. It is possible that recent leaching at the outcrop is res-
ponsible for the absence of the limestone fragments.

Single detrital grains of gypsum were found in three samples.

Feldspar is a minor constituent of the sandstones although there
is slightly more feldspar in the Dornick Hills and Deese groups
than in the Springer or Hoxbar. However, the maximum amount
found was only 44 per cent. Lucas (1934) has reported eleven
per cent of feldspar from one Hoxbar sandstone, but this must be
a very local feature. The feldspar is dominantly plagioclase, but
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includes microcline and orthoclase. The plagioclase covers some
range in composition but as far as could be determined is mostly
oligoclase or andesine. The degree of weathering is extremely
variable; a goodly proportion, including most of the microcline
and some of the plagioclase, is essentially fresh while the ortho-
clase and part of the plagioclase is completely clouded by kaolin
or sericite.

Chert grains ordinarily do not make up more than one per
cent of the sandstones. In the few samples in which chert is
more abundant, the chert is present as pebbles.

A few grains of biotite were found in several of the Deese
sandstones of the western part of the basin. The biotite is relatively
fresh, brown, and distinctly pleochroic.

Ficure 27. Siderite crystals in a Springer sandstone (S-H-401). Plane
polarized light.

A clayey matrix is present in all samples seen, and the amount
ranges from about one per cent to cight per cent. The clayey
material seems to be identical to that in the shale fragments, and
it may be that the matrix is merely broken-up rock fragments.
The composition of the matrix could not be determined separately
from the rock fragments as the fragments broke during disaggrega-
tion. However, X-rays of the fine-grained material showed illite-
sericite to be the dominant constituent, and kaolinite to be present
in amounts up to an estimated 25 or 30 per cent.

Clayey sandstones—Most of the Springer sandstones are mix-
tures of quartz and clay. They are thus accumulations of stable
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minerals, but in most occurrences the clay is so abundant the rock
cannot be classified as a quartzite.

The true Springer quartzites are merely the end member de-
velopment of a range in mixtures of quartz and clay. Gradation
from the polar quartzose sandstones is first marked by the pres-
ence of thin shale laminae or partings less than a millimeter thick.
These may be separated by as much as several feet of massive

Fieu Calcite ement replacing quartz gms (S-48). Cross nicols.
quartzose sandstones, but the gradation to more clayey sands can
be followed in samples which show an increased frequency and
thickness of such partings. Figure 30 shows an example of one
of these intermediate sandstones.

At the other end of the series there are some Springer sand-
stones which show no separation of clay and quartz into well-
defined beds, but rather the clay occurs as a matrix between the
quartz grains. The best examples of this type are found in the
outcropping Rod Club member of the Springer. The clay and
quartz are intimately intergrown, giving the rocks a very high
degree of cohesiveness when they are unweathered (figure 31).

The quartz which occurs in these mixed rocks is no different
from that in the orthoquartzites except that the average grain
size 1s less.

The “clay” is a complex mixture that includes illite, kaolinite,
montmorillonite, and chlorite. Illite is the dominant clay min-
eral, and it and kaolinite are present in all samples. Montmoril-
lonite is common though never abundant, but its presence is im-
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portant in the effect its swelling properties may have on oil pro-
duction and oil well drilling. Chlorite was identified postively
in only one sample; but as it is difficult to distinguish small
amounts of chlorite when it occurs with montmorillonite, chlorite
may be fairly widespread.

FFigure 29. Deese sandstone containing abundant rock fragments (D-384).
Crossed nicols.

FiéﬁRE 30. Clayey Springer sandstone with shale laminae (S-464), Crossed
nicols.

Ficure 31. Clay possibly developed authigenetically at the expense of
quartz. Plane polarized light.
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MINERAL COMPOSITION

(accessory minerals)

Techniqgue—Heavy minerals were separated by centrifuging
in bromoform (S. G. 2.85) for fifteen minutes at 1,000 RPM. A
sample of about two grams in approximately twenty-five cubic
centimeters of bromoform was used. Separation was completed
by freezing the bromoform in the lower part of the centrifuge
tube and then decanting the unfrozen bromoform which contained
the light fraction. All samples and separates were weighted to the
nearest 0.2 milligram.

This can apparently be a very precise technique. To get a
rough check on the degree of precision, replicate separations were
made on five pairs of subsamples; and the mean difference in the
percentage of heavy minerals was only 0.06. This variation is
considerably less than the mineral counting error (Krumbein
and Rasmussen, 1940); and on the basis of this limited experiment
the larger variations in percentages of heavy minerals shown in
Table 5 may be considered statistically significant.

The samples were split with a microsplitter from sieved size
fractions. As it is impossible to escape variations in heavy mineral
frequency with grain size (that is, the lighter heavy minerals will
be preferentially concentrated in the finer-grained sandstones),
there is no advantage in making the separate from the total sample;
and it is much more convenient to work with a limited size range.
Preliminary separations were made of all half-phi size fractions
from a few selected samples, and from these it was found that the
bulk of the heavy minerals were in approximate hydraulic equi-
valence with the light fraction. As nearly all of the non-opaque
heavy minerals should have a size distribution one-quarter phi
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to one phi finer than quartz, separations of this size range should
catch the minerals of greatest interest. Since most of the Ard-
more basin sandstones have mean diameters between 2.75 and
3.25 phi, separations for most samples were made from the 3.0
to 3.5 phi and 3.5 to 40 phi size fractions. For a few of the
coarser sandstones separations were also made of 2.5 to 3.0 phi
fraction.

For determination and frequency counts of the heavy minerals
the heavy separates were mounted in balsam or Technicon mount-
ing medium (N=1.65). Frequency determinations were made
by identifying and counting all grains passing the cross-hair
intersection on equally spaced mechanical stage traverses. All
minerals were counted until a total of a hundred had been reached;
then the opaque and the micaceous minerals (including chlorite)
were omitted. The remaining minerals were then counted until
a total of 100 of these were determined. In Table 5 both the
opaque minerals and the micas have been grouped, and the fre-
quencies of these are expressed as percentages of the whole; but
the remaining minerals are given as percentages exclusive of the
opaque minerals and micas. In such a count and mode of ex-
pression the precision of each estimation is that of any percentage
determination of a large population based on a count of 100
individuals. Figure 21 is a graph of the 95 per cent confidence
interval for such an estimation; this graph is applicable to the
mineral percentages of Table 5.



TABLE 5
HEAVY MINERALS OF THE ARDMORE BASIN SANDSTONES

i} Se £ 2 z  Z
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Springer Outcrop
S-RC-45 3.50-4 061 66 47 48 4 1
G-165 3-35 011 64 2 83 13 1 3
G-165 3.5-4 0.84 68 2 B 37 6 2
(-198 3.5-4 058 73 1 71 20 8 2
S-LA-174 25-3 017 86 4
S-LA-174 3-3.56 009 70 4 80 10 8 2
S-LA-174 4-45 2.23 14 36 bbb 1 2
S-0-178 3.5-4 092 74 57 34 4 4 1
S-0-242 25-3 015 65 1
5-0-242 3-35 0.20 65 2 62 33 1 2 2
S-0-242 3.5-4 0.69 60 23 - 64 6 6 1
5-0-242 4-45 4,18 55 8 80 9 2
Springer Cores
S-104 3-3.5 0.29 b8 74 19 1 2 4
S-104 3.5-4 083 49 45 50 5
S-402 3.5-4 .29 67 1 59 28 7 1 3]
5-429 3.5-4 142 b7 36 bH2 6 6
S-437 3-3.5 141 54 23 76 1
S-437 3.5-4 509 B3 16 83 1
S-444 3.b-4 110 53 1 37 b8 2 4
S-457 3-3.6 047 61 5 84 16
S-457 3.4 094 63 1 33 60 5 2
Dornick Hills Outcrop
DH-36 3.5-4 198 52 18 41 11 26 1 3
DH-B-43 3-35 024 44 4 73 13 2 11 1
DH-B-43 3.5-4 441 53 29 60 6 4 1
DH-140 3.5-4 205 3b 2 16 17 5 56 6
DH-B-146 3-35 1,50 31 10 77 13
DH-186 3.5-4 057 61 9 31 44 15 6 5
DH-220 3-3.5 023 73 2 72 17 9 2
DH-240 25-3 030 84 - 30 25 45
Deese Outcrop
D-DK-29 3-35 0.65 66 2 37 5b 6 2
D-32 3-3.5 019 52 40 12° 4 39
D-32 3.5-4 098 54 13 46 4 35 2
D-32 4-45 097 40 4 b4 8§ 32 2
D-N-98 35 017 64 2 4 8 1 8 4
D-N-98 35-4 028 74 8 43 30 5 18 4
D-N-98 4-45 056 59 2 16 28 10 41 1 2
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TABLE 5 (Continued)

OF THE ARDMORE BASIN SANDSTONES

; &, 2 g v 3
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D-130 3.3 1.28 176 1 52 31 9 4 3 1
D-151 3-35 0.27 62 2 51 25 2 21
D-151 35-4 052 57 2 34 50 7 8
D-176 25-3 0.59 T4 1 78 4 2 6 10
D-176 3-35 372 b6 1 11 73 8 3 4 1
D-176 35-4 052 b2 15 176 4 2 3 1
D-181 3-3.5 0.55 66 3 b4 20 5 14 7
D-DK-214 3-3.5 050 61 b8 33 5 2 2
D-DK-214 3.5-4 054 45 2 38 48 7 7
D-DK-214 4-45 050 50 10 73 8 1 8
D-218 3-3.5 0.18 67 4 b6 14 4 18 9
Deese Cores
D-70 3-3.5 0.63 40 3 32 4 2 B9 2 1
D-278 3-3.5 095 48 4 14 8 6 67 1 4
D-278 3.5-4 3.22 40 2 9 36 2 53
D-284 2.5-3 019 64 9 33 34 2 26 2 2 1
D-284 3-35 020 59 10 38 10 3 42 3 3 1
D-284 3.5-4 055 51 3 25 24 2 40 1 4 1 3
D-284 4-45 1.72 43 1 14 26 7 45 2 2 2 2
D-286 3.5-4 027 80 7 51 36 4 3 2 4 1
D-305 3.5-4 042 65 1 18 68 11 1 1 1
Hoxbar Outcrop
H-34 3-3.6 032 72 2 57 10 4 23 5
H-84 3-3.5 0.24 56 3 27 3b 9 24 5
H-84 3.5-4 038 52 2 14 63 10 10 3
H-Z-90 3-3.5 017 17 30 59 2 9
H-Z-90 35-4 031 28 26 b8 3 8 5
H-7-90 4-45 035 34 21 59 6 12 2
H-236 3-35 0.14 46 4 H7 4 5 18 15 1
H-236 3.6-4 031 ‘ 39 31 7 16 4 3
H-239 3-3.5 0.10 68 4 54 34 1 5 6
H-239 35-4 034 60 2 16 70 2 5 5 1 1
Hoxbar Core
H-290 3.5-4 53 T 26 14 3 46 2 4 3 2

0.76
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Description of minerals.

FI16URE 32.”

Anatase. Several grains of a dark steely blue corroded and worn
highly birefringent mineral were tentatively identified as anatase.
These grains are detrital.

Apatite occurs sporadically throughout the samples but nowhere
comprises more than a few per cent of the non-opague minerals. It
is perhaps the most erratic in its occurrence of all the heavy minerals.
It occurs as both well-worn rounded grains and as irregularly broken
grains. The grains are colorless and contain few inclusions. A few
grains had stringers of small cavities oriented parallel to the “c”
crystallographic axis.

Barite is present in nearly all samples which contain carbonate
and in several is present in flood amounts. The barite grains are
extremely angular and irregular in shape, probably reflecting the oc-
currence of the mineral as a cement. Inclusions are abundant znd
are mostly irregular vacuoles. Undoubtedly the barite is authigenic.

Serrate staurolite grain from Dornick Hills sandstone (DH-B-
43). Plane polarized light.

Chlorite, Chlorite group minerals occur in two distinctive forms.
One is dull gray-green with no recognizable pleochroism and shows
splotechy uneven birefringence; it occurs in very irregular flakes and
is found in small amounts in nearly all samples but is most abundant
in the finer-grained sandstones. The second type of chlorite is a
clear moderate green and has a distinct pleochroism. It occurs in
well-defined flakes, some of which have abundant rutile inclusions.
This chlorite is similar to that characteristically found in metamorphic
rocks of moderate rank. In the Ardmore sediments it is a minor con-
stituent; it was found in the Deese and Hoxbar sandstones from the
western part of the basin, but only in the Hoxbar sandstones from the
eastern part.

Chloritoid. The distribution of chloritoid is the same as that of
the second type of chlorite described above; it is never abundant, and
where present makes up from 1 to 5 per cent of the non-opaque min-
erals. It occurs as platy grains, has the characteristic green-blue
pleochroism, and extremely low birefringence. A few grains had an
imperfect cleavage at an angle of 70 degrees with the more conspicuous
prismatic cleavage.
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F1GURE 33.

Shape of tourmaline grains.
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Clinogoisite. A few grains of clinozoisite are present in most of
the core samples from the Deese and Hoxbar formations. It is present
as subangular nearly equant grains which are identified by low bire-
fringence and anomalous uneven yvellow-gray interference colors.
Apparently some range in composition is present as about half the
grains are colored a pale greenish-yellow. These colored grains are
distinctly pleochroic. Several of the grains had a pitted surface simi-
lar to that which is commonly found on garnet.

Collophane. Phosphate minerals are bresent in small amounts
in nearly all samples. Many grains have some indication of an inter-
nal structure which is probably organic in origin; these graing typically
are not entirely isotropic but show irregular low birefringence.

Epidote. A few greenish-yellow pleochroic highly birefringent
grains occur with the clinozoisite.

Garnet. Although very erratic in its occurrence garnet is one of
the more abundant heavy minerals, and is the dominant mineral in
many separates. Garnet is a very minor constituent of the Springer
sandstones, but is abundant in most of the others (Table 5). It is
bresent entirely as angular to subangular grains, many with marked
conchoidal fracture. A small proportion of the grains (less than b
per cent) have part of their surface irregularly pitted, but there are
no skeletal forms which might suggest intrastratal solution, nor is
there any evidence of alteration of the garnet.

The range in color is from colorless to pink, and there appears
to be a complete gradation. Most grains are colorless, and distinctly
colored grains are rare.

The garnet does not seem to be in hydraulic equivalence with the
light minerals. Theoretically, if availability is not a factor, the fre-
quency of a mineral in any size fraction is dependent upon the mean
size and degree of sorting of the total sample (Rittenhouse, 1944);
and hence, there should be a high degree of correlation of mineral
frequency with size and sorting. Table 6 lists the garnet frequency
in the 230 mesh size fraction from nine samples, and the mean size
and standard deviation of the samples. The correlation has becn
tested by the method of multiple correlation (Ezekiel, 1941), Also
given is the equation of best fit. The correlation coeificient is very
low (0.43) and is not statistically significant. When corrected for
the number of samples, it actually becomes 0.0. This lack of correla-
tion is considered strong evidence that the distribution of the garnet
has been controlled by the source area and, further, that this is the
first cycle of sedimentation for the garnet.

Ilmenite. This is the most abundant of the opaque minerals,
and is probably the most abundant of all heavy minerals. It occurs as
subrounded equant grains., It is a major constituent of all samples,
but is slightly less abundant in the Hoxbar samples of the outcrop
area.

Leucowene. Leucoxene is abundant in all samples. Many grains
are translucent along thin edges and show high birefringence: and
the characteristic dull white color in reflected light is frequently
stalned yellow, presumably by limonite.

Magnetite. Magnetite is much less common than ilmenite, but its
presence in small amounts in most samples can be demonstrated with
a magnet.

Pyrite. Pyrite is a common accessory mineral in the subsurface
samples; but is absent in all outcrop samples, presumably having
been destroyed by weathering. The pyrite occurs as grain size
nodules made up of a large number of intergrown crystals, These
might be termed “micro-concretions”, and are clearly authigenic.

Rutile. Rutile is present in all samples; and, as expected from
its density, is most abundant in the finer grain sizes. Somewhat
abraded prismatic grains are most common, but well-rounded grains
are found in samples with well-rounded tourmaline and zircon. In
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TABLE 6
RELATION OF GARNET AND TOURMALINE FREQUENCIES (230 MESH)
TO GRAIN SIZE FREQUENCY DISTRIBUTION

Mean Per Per

Sample grain Standard cent cent
No. size deviation garnet tourmaline

D-176 2.b4 0.19 2 15
D-278 2,74 0.32 53 9
DH-36 2.93 0.25 26 18
D-32 3.00 0.54 35 13
DH-140 3.04 0.26 56 16
D-284 3.12 0.74 40 2b
D-N-98 3.15 0.43 18 43
DH-186 3.19 0.33 6 31
D-286 3.58 0.32 3 51

Multiple correlation of garnet (Xi), mean grain
size (X:), and grain size standard deviation (X;)
X1=83.44 — 2436 X. + 45.20 X,

R =043 R=10.0
Multiple correlation of tourmaline (X:), mean grain

size (X:), and grain size standard deviation (X,)
X =-99.75 + 42.53 X.—12.38 X,

R=108 R=0.77

a few of lhe less abraded grains longitudinal siriations were Sseen.

Color is either Dbrownish-yellow or deep brownish-red, and the
two are about equally common. A slight but distinct pleochroism is
present.

Spinel. Two grains of spinel were seen, one in a Springer sand-
stone sample and the other in a Deese sample. Both were of the
light green variety commonly known as ceylonite.

Staurolite. Staurolite is erratic in its occurrence, but is abundant
in some of the Dornick Hills, Deese, and Hoxbar sandstones. It occurs
as irregular fragments, many showing a conchoidal fracture. Occa-
sional grains show the effect of solution along cleavage traces by
having markedly serrate boundaries (figure 32).

The color ranges from pale yellow to yellow-brown, with moderate
pleochroism. Small dusti-like opaque inclusions are abundant in many
grains, and large vacuoles are seen occasionally.

Towrmaline is an abundant constituent of all the heavy mineral
separates, and is found with a wide range of color and shape.

Two very distinctive shape assemblages are present, a well-rounded
one that was found only in the outcropping Hoxbar sandstones and
an angular one which occurs in all of the other formations.

The well-rounded assemblage shows extreme modification, pre-
sumably by abrasion; and almost no trace of the original shape of
the grains remains. The mean roundness of 400 grains (determined
by visunal comparison with standard images) was 0.75; however, the
shape distribution is strongly skewed, and in individual samples one-
half to three-quarters of the grains have a roundmness value of 0.8
or higher. In most samples with the well-rounded grains there is
also an admixture of the angular assemblage, giving a bimodal shape
frequency distribution.

Most of the extremely well-rounded grains are nearly spherical,
but fifteen to twenty per cent are somewhat flattened and approxi-
mate oblate spheroids. This oblate shape apparently reflects the
basal parting of tourmaline; and as the grains tend to come to rest
on a slide with their short dimension perpendicular to the surface of
the slide, these oblate grains present a hasal section and are black
and non-pleochroic when seen under the microscope.
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Green is the most common color in the well-rounded tourmaline,
and approximately 55 per cent of the grains are pleochroic in shades
of light and deep green. About fifteen  per cent have a pleochroic
formula of yellow-brown to deep brown; seven per cent are blue
with only slight pleochreism; five per cent have a dichroic scheme
of pale pink and deep green; and the remainder are black and non-
pleochroic.

Inclusions are not common, but conspicuous large vacuoles are
present in a small proportion of the grains.

This well-rounded assemblage is like the tourmaline from the
Ordovician sandstones of the Arbuckle Mountains (figure 10), and
is believed to have been derived from these sandstones.

The angular assemblage of tourmaline displays extreme variation
in both color and shape. The following color varieties can be dis-
tinguished:

1. Brown tourmaline

a. Pleochroic in various shades of faint yellow to deep
brown. This color occurs mostly in small stubby prisms, and
as a result is most common in the finer size fractions. In any
given size fraction its frequency varies with the mean size
of the sample, being invariably more abundant in those with
the coarser mean. In the 170 mesh fraction from ten samples
the frequency of this color variety ranged from 15 to 40 per
cent.

b. Pleochroic in shades of olive-brown, pleochroism weal.
Occurs mostly as relatively large angular anhedral grains.
Many grains are elongated due to fracturing along basal part-
ing planes and, hence, show an apparent reversal of the nor-
mal tourmaline pleochroism with maximum absorption paral-
lel to the prismatic elongation. This color variety is charac-
teristically free of inclusions. Tt is about one-half to two-
thirds as abundant as the yellow-brown type.

2, QGreen tourmaline with pleochroism in shades of light green
to very dark green makes up about 35 per cent of the angular
tourmaline assemblage. It occurs both as small prisms and
as irregular fragments.

3. Blue tourmaline

a. Pleochroic from mnearly colorless to gray-blue. This
is a relatively rare type and occurs only as small prisms.

b. Moderate blue, virtually non-pleochroic. In econtrast
to the gray-blue variety this never shows idiomorphism. It is
also uncommon.

c. A few grains of blue tourmaline with a closely spaced
network of rectangular fractures parallel and perpendicular
to the prism were seen. The origin of the fractures is not
known, but the grains are distinctive.

4. Pink tourmaline, pleochroic from various shades of pink to
dark green, is a common variety, It occurs mostly as slightly
modified short prisms.

5. Varicolored tourmaline, usually a combination of olive-brown
and blue, is found in an occasional large fragmental grain.

6. Authigenic tourmaline overgrowths are found on two to three
per cent of the grains. This tourmaline is colorless or wvery
light blue.

The tourmaline shows a high degree of shape sorting; and, hence,
there is considerable variation of average shape with the mean grain
size of the sample from which the separation was made and with the
size fraction. However, the mean roundness of 500 grains from ten
samples was 0.45. Figure 383 illustrates the variation in shape in
another way. The grains were divided into size shape classes, rounded,
subrounded, subangular, angular, rounded prisms, and angular prisms.
The proportions of grains in the several classes were then plotted
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on the sailboat diagrams of figure 33. It can be seen that the varia-
tion between formations is slight except for the Hoxbar formation.
This reflects the presence of the rounded assemblage in the Hoxbar
samples.

Inclusions in the tourmaline are mostly vacuoles, some of which
are oriented parallel to the prism; but also found are zircon, rutile,
and fine opaque dust which could be carbonacecus matter or iron
oxides. The inclusions are most common in the prismatic grains, and
the large fragmental grains are characteristically clear.

Both types of tourmaline occur in approximate hydraulic’ equiva-
lence to quartz and, hence, are most common in the half-phi interval
just finer than the sample mean. The frequency of tourmaline in a
given size fraction shows a high correlation with mean sample size
and sorting. Table 6 shows the tourmaline frequency in the 230 mesh
fraction, the mean size, and the standard deviation for the same
samples in which the garnet correlation described above was attempted.
In contrast with garnet the multiple correlation of tourmaline fre-
quency with size and sorting is high, with a multiple correlation co-
efficient of 0.78 (reduced for number of samples). This is significant
at a 0.01 level, and indicates that the frequency of tourmaline is more
a function of the sample size characteristics than of availability.

TABLE 7
SHAPE OF ZIRCON GRAINS
(230 MESH, n=25)

axial ratio roundness

Sample X 8 X 8
S-RC-45 0.659 0.126 0.565 0.10
S-0-242 0.6568 0.144 0.58 0.088
S-444 0.665 0.143 0.53 0.11
S-457 0.672 0.120 0.60 0.091
DH-36 0.676 0.118 0.50 0.094
DH-186 0.658 0.125 0.52 0.099
D-151 0.642 0.119 0.52 0.109
D-DK-214 0.705 0.139 0.54 0.12
D-278 0.634 0.166 0.52 0.10
D-305 0.698 0.143 0.47 0.10
H-Z-90 0.670 0.150 0.68 0.15
H-290 0.647 0.155 0.52 0.090

Zircon. The mineral zircon is present in relatively large amounts
in all samples, and is probably the most abundant of the non-opaque
minerals. In all samples it appears to be in hydraulic equivalence to
quartz, and its greatest frequency is in the size-fraction approximately
one phi unit finer than the sample mean. It is in nearly all samples
the dominant mineral in the finer-grained separations (Table b).

Like tourmaline, zircon occurs in both a well-rounded and angular
shape assemblage. The well-rounded zircon occurs with rounded tour-
maline in the Hoxbar sandstones; and though not as well rounded as
the tourmaline, it is distinctly better-rounded than the zircon within
the older formations.

The more angular zircon of the Springer, Dornick Hills, and Deese
formations occurs mostly as anhedral fragments; but in each sample,
particularly in the finer sizes, a few euhedral or subhedral grains are
present. The crystal habit is the normal one of prism and pyramids.

Table 7 lists the axial ratio (b/a) and estimated roundness of 12
samples of 25 grains each. It is perhaps surprising to find the mean
axial ratio to be approximately the same as that for quartz (Table 9).
The crystal hahbit of zircon is notably elongate, and it might have been
expected that more pronounced elongation would be inherited by the
detrital zircon.
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Most of the zircon is colorless, but yellow to brown zircon is com-
mon, and a few grains of pink to purple varieties can be found in nearly
every sample.

Inclusions occur in about one-third of the grains. Microlites of
euhedral zircon and rutile are most common, but also present are
opaque inclusions and vacuoles. There is no tendency for the inclu-
sions to be oriented. A few grains showed an opaque rounded -central
“kernel”, the character of which could not be determined.

Zoning is generally uncommon, and is mostly confined to the
larger grains. Where present, the “zones” are exceedingly numerous
and fine,

In a few grains anastomosing cracks, similar to those described
by Hunton (1950), were seen. These grains had abnormally low bire-
fringence.

Heavy mineral assemblages.

In a general way the heavy minerals of the Ardmore basin
sandstones are relatively simple. Only relatively stable minerals
are present, and the number of species is not large. However,
several distinctive assemblages are present; and each of these is
limited to a definite stratigraphic interval.

The Springer sandstones carry a non-opaque assemblage which
is dominated by the ultra-stable minerals tourmaline, zircon, and
rutile but with small amounts of garnet, apatite, and staurolite.
Large amounts of ilmenite and leucoxene are also present. All of
these minerals occur as markedly angular grains. This is a typi-
cal assemblage of heavy minerals from relatively quartzose sand-
stone. The dominance of the ultra-stable minerals reflects the
long sedimentary history of the detritus; and the small amounts
of garnet, etc, are perhaps the remnants of the more complex
sediment from which the Springer sands were derived.

A notable feature of Springer sandstones is the high concen-
tration of heavy minerals in a few samples (S-437, for example).
These samples with the large amounts of heavy minerals are all
from oil reservoirs in the western part of the basin, and are thought
to be placer concentrates due to relatively strong current agitation
during deposition . These samples also have smaller amounts of
the less stable minerals.

The Dornick Hills and Deese sandstones carry the same min-
erals as the Springer, plus an assemblage of metamorphic minerals
(figure 34) of which garnet and staurolite are the most abundant
but with small amounts of chloritoid, metamorphic-type chlorite,
and clinozoisite. An attempt was made to separate the tourmaline
and zircon of the Springer sandstones from that in the Dornick
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Hills-Deese sandstones on the basis of color, shape, and type of
inclusions; but no statistically significant difference could be found
in the study of 2,000 grains. However, such differences would
have to be relatively large to be detected. Color varies with grain
shape, and shape in turn varies with grain size. Hence, the fre-
quencies in any shape and color classes which are erected are sen-
sitive to minor changes in the grain size distribution of the total
sample.

Ficure 34. Heavy minerals from a Deese sandstone (D-284). Plane polar-
jzed light.

The metamorphic minerals are very erratic in their occur-
rence, and on the number of samples studied it is not possible to
recognize any difference between the Dornick Hills and Deese.
No chloritoid, chlorite, or clinozoisite was found in the Dornick
Hills sandstones; but these minerals occur in all of the Deese
samples from the western part of the basin and in the uppermost
Deese of the eastern part of the basin. However, as no samples
were obtained from the Dornick Hills in the west, this difference
may be only the result of sampling. Sandstones which occur with
the Bostwick conglomerate have an admixture of well-rounded
heavy minerals similar to those in the Hoxbar sandstones.

The metamorphic heavy minerals are not in hydraulic equiv-
alence with the light minerals though the tourmaline, zircon,
and rutile apparently are. This suggests that the metamorphic
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minerals have had a different sedimentary history than the re-
mainder of the rock, and are probably a contamination added to
the sediments in their latest depositional cycle. The lack of hy-
draulic adjustment of the metamorphic minerals could conceiv-
ably be due to intrastratal solution, but other evidence (see below)
suggests these minerals had a source independent of the more
stable minerals.

Hoxbar samples from cores in the western part of the basin are
not different from the Deese samples, but the outcropping Hox-
bar sandstones have a very distinctive assemblage of well-rounded
tourmaline, zircon, and rutile (figure 35). The high degree of
rounding sharply differentiates this suite from the same minerals
mn the older formation. This assemblage is like that found in
the Ordovician sandstones of the Arbuckle Mountains (figure 10)
and is likely the product of the reworking of these sandstones.

Irigure 35. Heavy minerals from a Hoxbar sandstone (H-Z-90). Plane
polarized light.

These well-rounded ultra-stable minerals occur with angular
grains of the metamorphic minerals found in the Deese sand-
stones. This occurrence of the same suite of metamorphic minerals
with two suites of ultra-stable minerals further supports the inter-
pretation of the metamorphic minerals having a separate source.
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In some of the Hoxbar samples there is also a subordinate ad-
mixture of angular tourmaline, zircon, and rutile. This fact,
along with absence of the rounded assemblage in the western part
of the basin, indicates the source of the rounded grains was local,
which is in keeping with the Arbuckle Mountains being the uplift
which was being eroded.

Grain Roundness

Technique—~For rapid work on a large number of samples
the only practical technique for measuring roundness is by visual
comparison of grains with standard images (Krumbein, 1941).
The roundness values reported here were estimated by microscopic
observation of grains from the 70 mesh sieve fraction mounted
in a medium with an index of refraction of 1.65. With this mount-
ing medium the grain boundaries show very clearly. A single
sieve fraction was chosen to minimize variations dependent upon
size and to allow uniform magnification to the size of standard
images. The 70 mesh size was chosen because it is the coarsest
fraction common to nearly all samples and because it lends itself
well to magnification to the approximate size of the standard
images of Krumbein’s chart (25 mm).

Roundness estimations were made for 21 samples; for 13 of
these roundness was determined on 50 grains; and for the other
8, on 100 grains. Grains were randomly chosen by making round-
ness estimations of all grains passing the cross-hair intersection
during equally spaced mechanical stage traverses.

As a check on the precision of the technique, replicate analyses
were made on eight samples. Roundness values of fifty grains in
each of the eight samples were estimated twice with a two week
interval between the determinations. The average arithmetic dif-
ference between replicates was 0.021; and the maximum, 0.040.
These differences are so much less than the variation between
samples that it can reasonably be concluded that differences be-
tween samples are not due to lack of precision in the technique.

Description of results—Roundness data for the 21 samples are
summarized in Table 8. The range in sample roundness is 0.326
to 0.641. Most of the samples form one population with a mean
roundness of about 0.39, but three samples from the Hoxbar com-
prise a group by themselves with a roundness of about 0.60. The



84 GRAIN ROUNDNESS

difference between the Hoxbar grains and the others is an obvious
one and is illustrated by the photomicrographs of figures 23 and
24.  Actually this high degree of roundness applies only to the
outcropping Hoxbar sandstones; the fourth Hoxbar sample (H-68)
is from the Healdton oil field and belongs with the angular

group of samples.

TABLE 8
ROUNDNESS ESTIMATED BY VISUAL COMPARISON
(70 MESH SIZE)

Standard Standard
Sample Mean deviation Sample AMean deviation
Springer Deese
S-78 0.326 0.0912 D-DK-291 0.372 0.0869
S-165 0.370 0.0900 D-70 0.444 0.0837
S-L-1901 0.442 0.1116 D-N-981 0.387 0.0990
S-0-243 0.402 0.0915 D-151 0.368 0.0914
5-5-4371 0.368 0.0926 D-218 0.370 0.0833
S5-8-455 0.380 0.0833 D-272 0.366 0.0861
D-284 0.344 0.0929
Dornick Hills Hoxbar

DH-B-431 0.378  0.0886 H-68 0.440 0.0728
DH-140 0.410 0.0814 H-Z-%0 -0.680 0.1107
DH-B-146 0.442 0.0785 H-2361 0.582 0.1313
DH-B-240 0.408 0.1007 H-2391 0.641 0.1355

1100 grains.

The mean roundness of the Springer samples is 0.381; of the
Dornick Hills samples, 0.409; and of the Deese samples, 0.379.
These differences are not significant as both variation between
samples and variation due to experimental error is as great as the
differences between formations.

Grains from sandstones other than the outcropping Hoxbar
sandstones are marked not only by low degree of rounding but
also by very irregular surface texture. This is illustrated in figure
23. The surface of the quartz is pitted and etched in a manner
suggesting authigenic chemical attack on the quartz. As most of
the samples can be seen in thin-section not to have any appreciable
amount of clay matrix or chemical cement which could have been
the agent of attack, it is probable the irregular surface texture has
been inherited.

Conclusions—The great difference in roundness between the
Hoxbar and the other sands clearly indicates a change in the source
of the sediments. The roundness of the Hoxbar sands is matched
only in first or second cycle orthoquartzites, such as those in the
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Simpson group of the Arbuckle mountains. The Hoxbar grains
are identical to those of the Simpson, and there seems no reason
to assign them to any source other than the Simpson. The fact
that most of the subsurface Hoxbar does not carry the rounded
grains indicates that the source was local, as it would be if the

Arbuckle Mountains were the uplift supplying the rounded quartz.
Grain Shape

Technigue—As a measure of geometric form the ratio of the
grain axes lends itself well to simple procedure and rigid opera-
tional definition. The ratio used herein is that between the “a”
and “b” axes, in which the “a” axis is defined as the maximum
grain intercept and the ‘b” axis as the maximum intercept per-
pendicular to “a.”

All measurements were made from thin sections by means
of a micrometer ocular. Grains measured were selected randomly
either by use of a mechanical stage equipped with a click-wheel
or by measuring all grains intersected by lines ruled on the thin-
section cover slip.

Description of results—Results for the twelve measured sam-
ples are presented in Table 9 as mean axial ratio and standard
deviation of the individual grain determinations. The number
of grains measured is also given.

TABLE 9
AXIAL RATIOS
Standard
Sample Mean deviation Number
S-RC-45 0.72 0.162 25
5-402 0.66 0.160 50
S-437 0.70 0.172 25
DH-B-43 0.67 0.153 50
DH-186 0.64 0.116 25
DH-140 0.67 0.116 25
D-32 0.70 0.108 25
D-DK-40 0.72 0.149 25
D-70 0.69 0.142 2b
H-84 0.74 0.111 100
H-Z-90 0.73 0.126 25
H-86 0.73 0.118 2b

The range in values for mean axial ratios is only from 0.64
to 0.74. The three samples from the Hoxbar formation are slightly
more equant than those from the other formations, but it is
not apparent that the small differences between individual samples
or between formations are significant. However, these data lend
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themselves to a completely randomized design for analysis of
variance whereby the significance of the observed differences
can be checked.

Four formations are represented, and three samples were
measured in each. Twenty-five grains were measured in each
sample (where more than 25 had been measured, 25 were selected
at random for the analysis). Thus, there are differences between
formations, differences between samples, and differences between
grains. Table 10 is a summary of the analysis of variance.

TABLE 10
ANALYSIS OF VARIANCE FOR AXIAL RATIOS

Source of Degree of Sum of Mean

variance freedom squares square F F.05 F.01 P
Formations 3 0.1880 0.06267 3.05 2.62 3.82 0.01-0.05
Samples within

formations 8 0.1706 0.02132 1.04 2.09 N.S.
Grains 288 5.9164 0.02054

Pooled error 296 6.0870 0.02056

A statistically significant difference between formations is
indicated by the analysis of variance. This reflects the high de-
gree of roundness in the Hoxbar samples.

There appears to be an inverse relationship between axial
ratios and grain diameters within individual samples. Consider-
ing all grains no correlation is suggested; but in each sample,
regardless of the absolute grain size, the coarser grains tend to be
the most elongated. The correlation is not high and in some of
the samples is not statistically significant, but it is never reversed.

The relationship cannot be attributed to the change in pre-
cision of measurement with grain size since it is independent of
absolute size. That is, probabilities are that two grains of given
size will have different axial ratios if one is a coarse grain in its
particular sample and the other is a fine grain in its sample. The
necessary conclusion is that there is an appreciable and measurable
element of shape sorting within samples.

Conclusions—Relatively little data is available with which to
compare these axial ratio values. Griffiths and Rosenfeld (1951)
report the axial ratios of 4,400 grains of the Bradford sand, and
this is the largest reservoir of data available. They found a mean
value of 0.650-0.682 and a standard ‘deviation of 0.144-0.150, which
compares with 0.698 and 0.145 for the grains measured here. Bok-
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man (1951) found the mean axial ratio for the Stanley formation
to be 0.645 and for the Jackfork formation to be 0.585, but the
writer has not been able to duplicate these results although using
the same technique. Available information (Curray, 1951) sug-
gests that axial ratios of quartz grains vary over only a very small
range in different rock types, and that most samples will fall be-
tween 0.65 and 0.70. Despite the small amount of available data
any departure from this range may be considered unusual, and
it is probably justified to conclude that the Hoxbar is an unusually
equant-grained sand.

Grain Size

Of the numerous methods available for measuring grain size,
steving has been generally considered the simplest and most prac-
tical for material of sand size and, insofar as possible, has been
used in this study. However, several samples for which size
analyses were desired were core fragments and were too small for
sieving, and a few samples were so fine-grained it was thought siev-
ing was not practicable; and for these, size distributions were de-
termined from thin sections.
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Ficure 26. Cumulative size frequency distributions of Springer sandstone
samples.
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Sieving Technique. For the most part, bonding of the Ardmore
basin rocks is by simple adhesion; and, hence, they are easily dis-
aggregated. Gentle crushing and rubbing with a rubber pestle
was sufficient to break down all of the rocks without chemical
cements, and was the only method used on these samples. Car-
bonate cement, when present, was dissolved in warm dilute hydro-
chloric acid; this procedure, of course, also destroys clastic carbon-
ate grains. Silica cement, though present in many samples, caused
no difficulty as it occurs as very small overgrowths which are
easily broken without breakage of the grains.
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Ficure 37. Cumulative size frequency distributions of Deese sandstone
samples.

All sieved size fractions were checked with a binocular micro-
scope for aggregate grains. Where the proportion of aggregates
was estimated to be more than one per cent of the amount sieved,
the sample was redone.

Sample size for sieving ranged from 100 to 150 grams; the
sieves were U. S. Standard mesh with a fourth root of two, or one-
fourth phi, scale; and shaking was on a Ro-tap machine for a
period of 15 minutes. The weights of the sample and all sieve
fractions were determined to the nearest one-tenth gram.
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The phi notation of Krumbein (1934, b) has been used through-

out the description of results.

Description of results—The raw data and summary statistics
obtained from the sieving of 56 samples are presented in Table 11,
and the size distributions of a representative group of these samples
are shown as cumulative curves in figures 36, 37, and 38. The
range in grain size is small, and the size distributions are nearly
all very similar. The cumulative curves are marked by general
smoothness and symmetry, and by extreme steepness of the cen-
tral part of the curve.
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TicURE 38. Cumulative size freguency distributions of Hoxbar sandstone

samples.

However, the distributions are not log-normal. This is best
shown by plots of the distribution on probability paper, as in
figure 39. Without exception, the samples have the same general
pattern. The major portion of the distribution plots as a straight
line, indicating approximate log normality; but between the 70th
and 98th percentile the slope breaks sharply to the right, indicat-
ing an excess of material in the fine grade sizes. Such a distrib-
ution has been frequently observed (Pettijohn, 1949, p. 36), and
several possible explanations for it are apparent: (1) the sample
may be composite; (2) the phenomenon may be due to inefficiency
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of sieving below about 100 microns; (3) the fine distribution may
represent suspension load and the coarse traction load; (4) the
fine material may have been trapped in the interstices of the
coarser after the latter had been deposited; and (5) the fine
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FI1GURE 39. Cumulative size frequency distributions of Ardmore sandstones
plotted on probability paper.
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material may have been sedimented as coarser particles than those
which were sieved, i.c., dispersion has reduced the depositional
size.

For these samples, it is most likely that the excess of fine
material is largely due to breakage of friable rock fragments dur-
ing disaggregation. The average percentage of material in the
pan fraction (<44 microns) is slightly more than five per cent,
and the range is 1.1 to 22.4; yet examination of thin sections and
thin section size analyses fail to disclose nearly this proportion
of such fine grains. In many of the Deese and Dornick Hills
samples no grains with a diameter of less than 40 microns can be
seen, but the sieve analyses show a pan fraction of five to seven
per cent. All of these rocks have ten to fifteen per cent of rock
fragments. This suggests that during disaggregation and sieving
about a third to a half of the rock fragments are broken sufficiently
to pass the finest sieve. Some samples have a matrix of fine-grained
minerals, and this is the major contribution to the pan fraction
in those samples; but for all samples no correlation 1s found be-
tween the amount of visible matrix and the percentage of silt and
clay found in the pan.

Even more definite evidence that the excess of fine material is
due to breakage of rock fragments is shown by the high degree
of correlation between the percentile at which the distribution
breaks from normality and the percentage of rock fragments (de-
termined by the point count method of Chayes [1949]). Figure
40 is a graph of the relationship between the two. The correlation
coefficient, “r”, (Youden, 1951) of the two variables is -0.91; and
the coefficient of determinations, “r’”, indicates the degree of
association of the two variables to be more than 80 per cent.

Krynine (1941) recognized the problem of rock fragment
breakage in his study of the Bradford sand, and suggested that as
a correction a certain proportion of the pan fraction be transferred
to the size fraction just coarser than the median. Such an arbit-
rary correction is not applicable here, however, since the propor-
tion of the pan fraction which is due to crushing of fragments
varies from sample to sample.

The most simple correction would be to assume that the size
distributions are actually log-normal. Many sediments closely
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Sieve analysis data

Mm. 059 050 042 035 030 025 021 0418 015  0.125
Phi. 0.75% 1.0 125 15 175 20 225 25 295 5.0
Springer
S-RC-45 0.2 15 29 118 26.1
S-165 01 0.9 41 229
S-LA-174 0.1 26
S-0-178 0.2 L7 62 161
S-LA-190 01 02 24
S-0-195 0.1 07 131
S-RC-196 0.2 09 43 224
G-198 0.2 18 231
S-0-242 04 32 84 173
Springer
S-S-78 0.3 3.7 180 30.2
S-S-104 23 110 180 186 22.0
S-C-402 0.1 01 0.6 3.6
S-S-424 25 9.8 167 141 113 107
S-G-429 01 0.2 46 176
S-8-433 0.2 06 7.8
S-§-437 0.8 22 61 125 19.0 226 201
S-444 02 19 235
S-5-457 1.3 60 218 353 231
Dornick Hills
DH-36 02 35 188 411
DH-B-43 10 30 80 164 30.6 228
DH-140 01 13 9.6 336
DH-186 0.1 18 106 205
DH-220 _ 0.2 21 71 251
DH-221 01 04 50 138
DH-222 03 05 14 57 220
DH-B-240 62 94 123 140 188 148 54 34 31 33
Deese
D-32 0.9 20 46 82 158 17.7

D-N-98 0.4 0.8 36 122 191

*Frequencies are given as percentages.



0.105 0.088 0.074 0.0625 0.0526 0.044
3.25 3.5 3.76 4.0 4.25 45 pan Md¢ PD¢ s¢
outcreop
26.1 13.2 10.6 4.0 0.4 1.0 2.3 3.05 0.52 0.39
33.5 221 8.4 3.3 0.6 1.1 2.9 318 041 030
24.6 375 17.9 7.1 1.6 17 6.9 340 045 0.24
31.8 27.4 | 10.5 3.4 0.4 0.6 1.5 3.22 0.42 036
20.8 29.9 17.0 8.3 41 2.0 15.3 3.47 0.28
275 30.4 16.7 6.3 1.3 1.0 2.7 333 0.42 0.30
23.7 18.6 10.2 4.7 0.8 0.8 25 312 043 040
36.4 21.4 8.8 2.9 0.7 1.0 3.8 317 041 0.28
23.2 22.6 13.0 6.3 1.6 1.4 2.6 3.22 0.55 0.40
cores
27.4 10.1 3.2 2.0 0.6 0.9 3.6 2.98 045 0.28
10.4 7.1 3.4 15 0.6 0.9 4.0 2.75 0.68 0.30
29.3 314 17.8 6.7 2.3 2.3 5.6 3.37 048 032
6.4 8.9 6.4 3.9 0.7 1.5 7.1 2.65 102 0.84
37.4 17.6 9.0 4.9 0.9 1.6 6.0 3.14 0.56 0.27
21.1 38.8 17.7 6.9 1.2 1.7 4.0 3.38 042 0.29
7.3 3.3 1.6 1.5 0.3 0.6 2.1 2.60 0.60 (.44
34.0 21.7 7.8 3.3 1.2 1.5 4.9 318 046 0.24
5.3 1.8 0.8 1.0 0.5 0.4 2.7 2.64 038 0.30
outcrop
19.7 6.9 2.6 1.4 0.7 1.2 3.9 2.93 043 025
11.8 3.2 0.8 0.7 0.3 0.2 1.3 2.66 048 0.38
27.9 12.4 5.9 2.7 0.8 1.1 4.7 3.04 048 0.26
24.4 16.8 9.4 5.7 1.6 1.6 7.5 319 0.70  0.33
22.1 15.6 9.3 5.5 3.6 1.3 8.0 3.17 072 036
24.4 17.2 12,5 9.6 2.9 3.7 10.5 3.33 0.83 034
13.3 9.2 8.6 8.2 3.4 49 224 343
1.3 11 1.9 1.2 0.9 1.0 1.3 1,61 1.07 0.54
outcrop
17.3 11.2 7.0 45 1.9 2.5 6.5 3.00 0.86 0.54
211 13.4 13.7 4.6 3.0 2.2 5.3 3.15 071  0.43




TABLE 11 (Continued)

Sieve analysis data

Mm. 059 050 042 035 030 025 0.21 0.18 015 0.125
Phi. 0.75% 1.0 1.25 15 175 2.0 225 25 2.75 3.0
D-112 0.2 3.4 64 202 224
D-122 2.5 71 157 189 23.7 120
D-130 0.2 23 188 435 227
D-151 0.6 33 116 200 251 19.2
D-176 0.1 51 38.0 373 133
D-181 0.2 1.5 10.6 39.2 28.1
D-DK-207 0.2 1.6 55 151  30.1
D-DK-214 1.2 36 101 216 207 16.0 103 6.8
D-218 0.1 1.3 55 129 250 193
Deese
D-70 0.5 1.7 4.5 93 159 173 19.1 186
D-72 0.1 0.1 0.1 0.4
D-75 0.1 0.6 3.1 6.7 19.6 233
D-272 0.1 2.2 18,6 338
D-278 01 0.8 56 17.2 28.0 26.1
D-284 0.8 3.5 7.3  10.3 99 123
D-285 0.8 51 12,3 258 252
D-286 0.1 4.3
D-292 0.2 1.8 7.3
D-305 0.1 0.5 4.3
Hoxbar
H-34 0.1 1.0 4.2 83 18.2 235
H-82 3.6 11.7 20.6 24.2 19.4 9.0
-84 0.9 1.3 2.2 5.7 10.8 146 16.6 13.9 11.0
H-Z-90 0.6 2.0 65 214 305 16.2
H-232 0.5 2.3 38 258
H-236 1.9 3.1 59 108 19.2 281 145
H-239 0.8 3.4 69 140 185 205
Hoxbar
H-289 0.5
H-290 01 04 438

*Frequencies are given as percentages.




0.105 0.088 0.074 0.06256 0.0526 0.044
3.25 35 3.75 4.0 4.25 45 pan Mde PDe s¢
19.4 11.8 5.5 3.4 1.1 11 5.0 297 0.64 041
7.5 4.4 1.9 1.5 0.3 0.8 3.7 2,63 040 0.30
4.2 1.5 11 0.9 0.6 0.6 3.4 2.67 034 0.22
6.4 3.5 2.2 1.7 0.8 0.7 4.9 2.64 0.70 0.36
1.5 0.8 0.4 0.4 0.1 0.4 2.3 2,54 030 0.19
9.9 3.4 1.2 1.1 0.2 0.8 3.7 274 040 0.26
19.5 10.1 5.7 3.6 11 11 6.4 2.98 0.66 035
3.1 1.8 1.2 0.7 0.3 0.5 2.0 2,15 0.68 044
13.6 6.7 4.3 1.7 2.2 1.5 6.0 281 0.76 040
cores
6.6 2.2 0.8 1.0 0.2 04 2.0 252 0.62 0.50
3.7 18.3 31.3 31.2 6.8 8.1 9.9 3.72 0.67 0.30
20.8 11.4 5.2 3.7 14 25 1.7 297 0.60 042
221 9.2 5.6 2.3 14 11 3.6 297 052 0.25
9.4 3.4 1.9 1.5 0.7 1.0 4.3 274 055 0.32
13.5 15.1 9.5 6.4 1.9 2.7 6.8 312 095 0.74
124 5.0 2.7 1.9 0.8 11 7.0 281 0.74 0.37
13.2 22.2 25.9 9.0 4.4 6.1 14.9 3.58 0.86 032
11.4 13.8 18.1 22.9 11.3 13.3 3.72 091 0.60
31.5 28.0 15.3 4.7 27 4.3 8.4 3.36 0.78 0.29
outcrop
159 7.2 7.5 4.8 0.4 1.7 7.1 293 0.78 032
35 1.9 0.8 1.1 0.4 0.8 2.9 2.40 058 036
5.9 4.7 3.7 2.8 1.0 1.6 33 247 095 0.60
7.8 3.6 1.9 2.2 0.7 1.2 5.4 266 070 042
29.4 19.4 6.2 2.0 0.7 0.8 4.2 3.11 044 0.36
6.5 2.6 21 1.3 0.6 0.7 2.8 2568 0.64 0.41
13.1 6.8 43 2.9 11 1.7 6.1 283 0.84 048
cores
4.7 16.8 25.5 14.9 8.7 7.8 211 3.76 0.30
231 26.6 15.1 7.2 41 5.4 13.2 3.45 0.28
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approach this, particularly those which are texturally “mature’
(Krumbein, 1938). The fact that the thin section analyses approach
normality closely and the high degree of correlation between
the percentage of rock fragments and the percentile at which
the sieved distributions depart from normality strongly suggest that
the size distribution in these samples is not significantly different
from a normal one. If we further assume that the broken rock
fragments have the same size distribution as the balance of the
sample, the best approach to the true distribution is given by
continuing the probability plot as a straight line beyond the point
of inflection. This has been done for all samples, and the values
for the standard deviation given on Table 11 have been read off
such plots on the basis of the assumption of normality. Further,
with these assumptions the median value becomes the same as the
mean value. The percentile deviation values of Table 11 are
based on the uncorrected data.

For individual samples the range in medians by sieving is
1.61 to 3.76 phi. However, most of the medians fall within a
very narrow range. Of the 56 samples 48 have a median between
25 and 35 phi. Only one sample would be classed as a medium
sand (1 to 2 phi), 27 are fine-grained (2 to 3 phi), and 28 are very
fine-grained (3 to 4 phi).

Size sorting of the individual samples is excellent; for nearly
one-half of the samples 90 per cent of the grains fall within one
Wentworth size grade. In Table 11 two “sorting coefficients,”
the phi percentile deviation (PH?#) and the phi standard devia-
tion (s?), are given for each sample. The phi percentile devia-
tion is the statistic used by Griffiths (1951, 1952) in his study of
size relationships in a large number of samples, and is thus con-
venient for comparative purposes. It is a measure of half the
spread between the ninetieth and tenth percentile diameter values
as read off the cumulative curve. The values given are not cor-
rected for any technique errors.

The standard deviations were determined graphically from
plots of the size distributions on arithmetic probability paper
(figure 39) as suggested by Otto (1939). Graphical determina-
tion of the standard deviation requires the assumption that the
distribution is normal; and, hence, the standard deviation: is a
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measure of sorting which has been corrected for the skewness
brought about by the breakage of rock fragments. It should be a
better basis for comparison of samples than the percentile devia-
tion since it corrects an error in technique which may have consid-
erable effect on the percentile deviation, particularly in determina-
tion of the ninetieth percentile.
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FIGURE 40. Relationship between proportion of rock fragments and nature
of cumulative curves for Ardmore sandstones,

All of the Ardmore basin sandstones fall within Griffith’s
(1952) best sorted sands. Only two have percentile deviation
greater than one phi, and many are less than one-half phi. They
are, thus, comparable in sorting to the best sorted orthoquartzites.
Thin section size analysis.

Technigue—Size distributions were determined from thin sec-
tions by measurement with a micrometer ocular. Measurement
was of the apparent long axes of randomly selected grains. Ran-
domness was obtained by measuring all grains intersected by short
lines drawn on the cover glass and spaced uniformly over the
area of the thin section.

For most samples 100 grains were measured; for 1 sample,
120 grains; for 1, 150 grains; and for 2, 200 grains. The precision
obtained by any given number of measurements is dependent
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TABLE 12

Thin section size analysis data.

mm. 059 0.50 042 035 030 025 021 018 015 0.125

Phi 0.75% 100 125 150 175 200 225 250 275  3.00
S-RC-45 1% 5 14 24 19
S-LA-48 1 2 6
S-P-49
S-8-77 2 5 9 16 20 15 13 9 2 6
S-RC-175
S-0-178 5 3 20 23
S-402 1 1 1 g 22
S-S-437 4 9 8§ 24 24 12 8
S-8-455 1 2 § 12 32
S-S-457 1 4 14 17 1T 16 10
S-S-459 33 83 201 166 175 10.0
S-S-462 3 5 16 27
S-S-464 1 5
DH-36 1 12 15 25 16
DH-B-43 3 7 16 27 21 13
D-32 2 6 7 11 14 15
D-DK-40 20 30 55 235 260 175 110 65 20 15
D-284 0.7 27 40 100 147 67 126 113
H-84 10 2 3 9 11 16 12 11 8

*Frequenciesv are givenr_as percentages.
upon the variance (sorting) of the sample; so the precision is not
uniform for the several samples. For the samples in Table 12 the
95 per cent fiducial interval of the mean ranges from == 0.07 phi

(D-DK-40) to ==0.13 phi (D-284).

Description of results—Table 12 presents the data obtained
from nineteen samples, and figure 41 shows cumulative curves
for five representative size distributions.

The range in means is from 1.79 phi to 4.16 phi, which. s
slightly greater than that obtained for the sieved samples. This
‘arises from the inclusion of several samples which were thought
too fine-grained for sieving. However, as for the sieved samples,
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0.105 0.088 0.074 0.0625 0.063 0.044 0.037 0.031

395 350 3.5 400 425 450 475 50 S5 X s n
13 12 6 2 1 2 1 .84 52 100
11 20 23 13 9 7 5 1 2 3.67 54 100
5 14 20 27 16 16 7 3 § 416 .47 100
3 7 179 57 100
2 8 18 21 20 17 7 2 5 4.05 .46 100
19 13 7 4 3 5 1 3.06 .51 100
19 17 11 5 5 4 2 1 3 332 .60 100
4 3 1 2 1 1 2.35 .54 100
18 10 7 6 3 3.02 .45 100
8 7 5 2 1 1 253 .59 100
109 91 25 09 0.9 _ 27253 120
15 13 8 4 4 2 1 1 1 313 57 100
10 14 14 19 12 9 9 4 3 385 .58 100
15 9 5 1 1 2.78 .46 100
6 5 2 - 252 .44 100
14 12 11 4 5 1 1 2.92 .62 100
10 05 | _ 1.70 .47 200
T 93 87 83 47 07 27 13 0T 277 .78 150
5 200

nearly all sandstones were either fine- or very fine-grained.

The size distributions as shown by the cumulative curves are
very much like one another, but they differ from the sieved dis-
tributions, particularly in the greater slope of the central part
of the curves. This difference is due, however, to the techniques
used and does not reflect any fundamental difference in the char-
acter of the sandstones.

Comparison of sicve and thin section size distributions—Be-
cause of the effects of sectioning of grains and of other factors
(Rosenfeld, Jacobsen, and Ferm, 1953) the results of the two
measurement techniques are not directly comparable; and to make
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them comparable some sort of conversion is necessary. This prob-
lem has given rise to a considerable literature (Krumbein, 1935;
Greenman, 1950, 1951; Chayes, 1950; Pelto, 1952), and has re-
cently been treated in detail by the writer and others (op. cit.).

00

/,u'
v

NS

/

RV AVA
o/ —~

I 2 3 4 5

GRAIN DIAMETER IN PHI UNITS

T

)

°\\
3

R
I
<
i
Ne:

®

=
?
=

N
<

E-Y
[ ]
\

no
(=]

CUMULATIVE NUMBER FREQUENCY PERCENTAGE

NN

Fieure 41. Cumulative size frequency distributions determined by thin-
section measurements,

In this latter study evidence was presented that no known
combination of theoretical corrections for the effect of section-
ing, for the use of number instead of weight frequency, or for
sieve calibration could bring the two techniques into agreement.
It was concluded there was no unique factor which could be ap-
plied to a technique, but instead the necessary conversion varied
greatly with different operators and rock types; the only satis-
factory conversion was one derived by empirical comparison of
the results of the two techniques within the experiment for which
the conversion was to be used.

Accordingly, both sieve and thin section analyses were made
on ten samples. The results of the two determinations expressed
as means and standard deviations' are presented in Table 13.
Krumbein’s (1934) phi notation is used.

1The standard deviations for the sieve analyses were determined graphically
from a plot of the size distribution on arithmetic probability paper.
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For all samples the thin section analyses show a coarser mean
size and a lesser degree of sorting than do the sieve analyses. The
difference in mean size is due to a complex of interacting factors
(Rosenfeld, ez al, op. cit.), and perhaps the difference in standard
deviation may be similarly accounted for; but it is probable that
the increase is mainly due to the effect of sectioning. As the
plane of the section has no necessary relationship to the maxi-
mum diameter of the grains, even uniform grains would show a
size distribution if cut at random, as are the grains in a thin section.

TABLE 13
COMPARISON OF SIEVE AND THIN SECTION SIZE ANALYSES

Sieve analyses Thin section analyses

Sample
Mean Standard deviationl Mean Standard deviation

H-84 2.49 0.60 2.47 0.70
S-437 2.60 0.44 2.35 0.54
S-457 2.64 0.30 2,53 0.59
DH-S-43 2.66 0.38 2,52 0.44
DH-26 2.93 0.25 2,78 0.46
D-32 3.00 0.54 2,92 0.62
3-RC-45 3.05 0.39 2.84 0.52
D-284 3.12 0.74 2.77 0.78
S-0-178 3.22 0.36 3.06 0.51
5-402 3.37 0.32 3.32 0.60

The relationship between the two sets of statistics appears to
be linear and can best be expressed as the equation of the line of
best fit. This was computed by the method of least squares (You-
den, 1951). Figure 43 is the plot of mean diameters of sieving
vs. thin section (steve median is considered the independent vari-
able) and includes the computed line.

The correlation coefficient “r” for the means is 0.9381, and
the equation of the line 1s y =-0.0112 + 0.9515 x, in which “y” is
the mean as determined in thin section, and “x” is the mean from
sieve analysis. However, the intercept value, -0.0112, is not signif-
icantly different from 0.0; and the regression coefficient, 0.9515,
is not significantly different from 1.0 (t = 0.3757, 8 D.F., Youden,
1951). Hence, the average difference between samples of 0.15 phi
is as satisfactory a conversion factor as the regression line. To
compare thin section means to sieve means it is only necessary to
add 0.15 to the thin section value.

The correlation coefficient for the standard deviations is 0.8189,

and the equation of the line 1s y = 0.3285 + 0.5727 x, where “y” is
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the thin section value, and “x” is the sieve value. This regression
line 1is the best available conversion factor for standard deviations
of the two techniques. The standard error of estimate (Youden,
1951) is 0.065.

As an illustration of these conversions, consider a sample such
as S-104 which has a mean of 2.75 phi and a standard deviation of
0.30 phi as determined by sieving; then to convert to thin section
units, the mean is obtained by subtracting 0.15 from 2.75, giving
a corrected mean size of 2.60 phi. The standard deviation is ob-
tained by substituting 0.30 for “x” in the second equation above.
Thus, the corrected standard deviation equals 0.3285 + 05727
(0.30), or 0.49.

Since there is no basis for considering the results of one tech-
nique more fundamentally correct than that of the other, the cor-
rection equations may be used with either “x” or “y” as the un-
known; and the conversion may be made either from sieve to
thin section, or from thin section to sieve data.

Combined sicve and thin section results—The best available
estimate of grain size distribution in the Ardmore basin sandstones
is the distribution obtained by combining the results of the 67
individual samples. This combined or total distribution is shown
as a unique frequency curve (Brotherhood and Griffiths, 1947) in
figure 44.

In computing this curve the thin section size analyses were
converted to make them comparable to the sieve analyses, as
already described; and all sieve analyses were corrected for the
effect of rock fragment breakage by assuming a log normal size
frequency distribution.

The mean grain size of the Ardmore sandstones as estimated
from 65 samples is 3.04 phi, and the standard deviation 1s 0.62 phi.
The total distribution is very nearly a normal one as can be seen
in figure 44, the skewness 1s only 0.09; and the kurtosis is 1.04.
Because of the large amount of data, even this small departure
from normality is statistically significant (chi square 184.70, D.F.
22, P<0.999). |

With the very narrow range of grain size in the basin, the
differences between formations must necessarily be small; and,
if present at all, are likely only to be detected by examining a large
number of samples.
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Statistics of the sample means grouped by formational units
are tabulated in Table 14, _

The formational means in the table are the arithmetic average
of the several sample means, and the standard error of the mean is
the conventional measure of variation among samples,

The differences between units are of the same order or even
smaller than the standard error, and it is not obvious that any of
these differences are significant. However, the differences may
be examined by means of the “t” test (Youden, 1951); and the
probability determined that variations of the observed magnitude
could be due to chance alone. For this application the “t” test
1s essentially a comparison of the observed differences Wlth the
precision of the difference.

TABLE 14
MEAN GRAIN SIZE OF SANDSTONE SAMPLES
Number of Standard
Formation Mean samples error
Springer 3.20 0.458 26
Springer outcrop 3.47 0.424 12
Springer cores 2.99 0.485 14
Dornick Hills (outcrop only) 2.92 0.580 8
Deese 2.91 0.397 22
Deese outcrop 2.70 0.362 13
Deese cores 3.15 0.425 10
Hoxbar (outerop only) 2,71 0.260 7

The Springer taken as a whole is finer-grained than any of
the formations (compared with Deese, t=2.185; 46 D.F., P<
0.05), but there is no significant difference between any two of
the Dornick Hills, Deese, and Hoxbar formations, at least with
the present number of samples. Furthermore, the Dornick Hills,
Deese, and Hoxbar samples are not 51gn1f1cantly different in mean
size from the Springer core samples.

Observed differences between surface and subsurface samples
within formations are as great as differences between formations.
For example, the average median of the Springer surface samples
is 346 phi; and of the Springer cores, 299 phi. The probability
of such a difference arising by chance is less than five per cent
(t=256, 22 DF.); and, hence, it can reasonably be concluded
that the difference is real. It is possible the difference could be
duc to sampling. However, Lucas (1934) has reported 153 size
analyses of surface Springer samples; and he found no samples
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as coarse as many cores." With the supporting evidence of Lucas’
samples it seem highly probable that Springer sandstones from
the oil fields of the western part of the Ardmore basin are, on the
average, coarser than the sandstones which crop out around Ard-
more.

PHI MEAN BY THIN SECTION
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icURE 43. Relationship between median grain diameter determined by
sieving and mean grain diameter determined by thin-section
size analyses.

Similarly, if we test the Deese surface and core samples, we
find that the probability of the observed difference being due to
chance is less than one per cent (t=6.62, 20 D.F.). However,
there is a strong suggestion here that the samples are biased; four
of the twelve Deese surface samples are from the Devils Kitchen
conglomeratic member, and the sandstones associated with con-
glomerates are characteristically coarser than average, thus, tend-
ing to bias the average toward the coarse side. If only one or two
of these Devils Kitchen samples had been included, the difference
would not have been significant.

1 Because of differences in technique Lucas’ samples cannot be closely com-

pared to these, but his samples had an average median diameter of between 3.40
and 3.50 phi. The coarsest sample was about 3.0 phi.
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No serious attempt was made to compare variation in size
within a formation and variation within a single sandstone bed,
but some data is available to evaluate this relative variation. Five
samples were analyzed from a 200-foot diamond core of the Sims
member of the Springer formation. These are 455, 457, 459, 462,
and 464; and the data are given in Table 15. The mean of these
five samples 1s 3.05 phi, and the standard error is 051. This
standard error is of the same magnitude of those for the several
formations as given in Table 14; and, thus, it can be seen that
the amount of variation within this particular sandstone based
on five samples is no less than the variation within the entire

formation.
TABLE 15
GRAIN SIZE STATISTICS FOR FIVE SAMPLES FROM A CORE
OF THE SIMS MEMBER OF THE SPRINGER FORMATION

Sample Standard
Number Depth Mean deviation
455 4973 3.02 0.45
457 5012 2.53 0.59
459 5049 2.72 0.53
462 5122 3.13 0.57
464 5139 3.85 0.568

Conclusions.—Grain size analyses have been of little use either
in differentiating stratigraphic units or in defining rock types.
What value the size distribution has in defining the rock types is
almost entirely a reflection of the dependency of size upon mineral
composition. For example, the rocks which have an appreciable
content of rock fragments also have a distinctive size distribution,
but only because the rock fragments were broken during size
analyses. In general, the differences which are apparent in tex-
ture are even more apparent in mineral composition and much
more readily studied.

Probably the most significant fact concerning grain size is
that the Springer reservoir sandstones are coarser-grained than the
remainder of the Springer sandstones. As will be seen, this is
only one of several ways in which these rocks are distinctive, and
can be used as a partial definition of a reservoir facies.

Whether there is any special significance to the near nor-
mality of the total grain size distribution is not known. It may
be a negative sort of evidence as to the source area. If the distribu-
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tion were bimodal or strongly skewed, a complex or multiple
source area would be indicated; but the normal distribution can-
not be interpreted to indicate a single simple provenance.
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SEDIMENTATION
Rate of Deposition

The rate of deposition is important in sedimentation in so far
as it controls the time available for all processes modifying the
detritus in the area of deposition. These, along with provenance,
are the fundamental factors in sedimentation.

Necessarily, any estimate of the rate of deposition of ancient
sediments is subject to major absolute errors. Nevertheless, Kay
(1951) has given a basis for comparing rates of sedimentation in
his estimate of the rates of subsidence in a number of geosynclinal
areas. By using the same radioactive time scale and by using
maximum thickness as did Kay, a rate of sedimentation can be
computed which should be qualitatively comparable to those used
by Kay.

Table 16 gives the maximum known thickness of the sedi-
ments in the Ardmore basin and duration of the Pennsylvanian
epochs as given by Kay.

As a correlation with the epochs used by Kay, the lower Penn-
sylvanian sequence is considered to include the Goddard and Spring-
er formations; the middle Pennsylvanian sequence from the top of
the Springer to the Arnold limestone member of the Deese for-
mation; and the upper Pennsylvanian, the remainder of the

system.

TABLE 16
THICKNESS OF SEDIMENTS IN THE ARDMORE BASIN AND
DURATION OF PENNSYLVANIAN EPOCHS

Duration Thickness of
Epoch (millions of years) sediments (feet)
Upper 10 7,500
Middle 15 7,600
Lower 15 5,000
40 20,000

Subject to errors in the estimates of stratigraphic thicknesses
and the duration of Pennsylvanian time, the overall rate of sedi-
mentation 1s 500 feet per million years for a total of 40 million
years. The rate is not uniform but increases with time. For the
lower Pennsylvanian formations the average rate is 333 feet per
million years; for the middle Pennsylvanian the average rate is
500 feet per million years; and for the upper Pennsylvanian, 750
feet per million years.
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These are especially rapid rates considering the duration of
time for which they extend. For comparison, in the Ordovician
cugeosyncline of the Appalachian area the rate was less than 350
feet per million years. In the Colorado late Paleozoic “zeugeo-
syncline” the rate was 200 feet per million years. In the Cali-
fornia Miocene-Pliocene “epi-eugeosyncline” the rate was 600 feet
per million years; in the Pottsville miogeosyncline of West Vir-
ginia the rate was 200 feet per million years; and in the Triassic
so-called “taphrogeosyncline” of New Jersey the rate was 1,500 feet
per million years. Only in the Triassic fault blocks are the ac-
cumulation rates appreciably greater for comparable durations.
If these comparisons are valid, Ardmore sedimentation was ultra-
rapid; and it is, thus, likely that the detritus underwent minimum
modification in the process of sedimentation. The change from
the orthoquartzitic sediments of the Hoxbar to the arkoses of the
overlying Pontotoc probably does not reflect any fundamental
change in the processes of sedimentation but only the exposing
in the source area of large areas of granite.

SEDIMENTARY PROCESSES
The Conglomerates

The presence of unstable constituents such as limestone frag-
ments, the strongly bimodal size distribution, and the localization
of the conglomerates along the basin margin are considered the
significant features of the conglomerates. In all of these features
the conglomeratic units resemble fanglomerates, and it is believed
that the sedimentary processes which formed them were essentially
analogous to those which produce a modern day fanglomerate.

The conditions required to produce a rock with the character-
istics of the Ardmore basin conglomerates must necessarily include
(Krynine, 1950, p. 154): (1) erosion which directly and power-
fully attacks bedrock rather than only mantle; (2) transportation
which is capable of moving coarse detritus without sorting it;
and (3) deposition which is abrupt and localized.

All of these are chiefly dependent upon local topography, and
can be expected in any area of steep relief and abrupt changes in
slope. That the relief need not be high is shown by the fact that
the small streams of the present Arbuckle Mountains, where the
local relief is mostly under 200 feet, carry detritus which is nearly
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indistinguishable from that of the Pennsylvanian conglomerates.
These streams for most of the year are small and carry almost no
sediment; however, for short periods during the spring they be-
come powerful torrents which transport sand, pebbles, and cobbles
as a unit. These flash floods dissipate as rapidly as they form,
leaving behind gravelly detritus which is texturally similar to
that of the conglomerates. If there were continued intermittent
uplift of the Arbuckles along a well-defined line such as a fault,
these streams would leave a deposit with similar mineral composi-
tion and texture to the Bostwick conglomerate.

An intermittently active fault scarp is the ideal environment
for the development of fans, inasmuch as it produces both a
perfect localizing factor and the necessary relief. Probably all of
the Ardmore conglomerates originated from structurally controlled
topography, mostly basin margin fault scarps.

Wherever the basin margin is known to be faulted, conglom-
erates are present at one or more levels. The Jolliff and Bostwick
conglomerates occur along the faulted east margin of the Criner
Hills, and subsurface conglomerates are known all along the
faulted south edge of the western part of the basin. On the other
hand, on the south flank of the Arbuckle Anticline, where there
is only minor faulting, no conglomerates are known. This does
not imply lack of uplift, but only lack of the sharply localized
uplift necessary to yield the conglomeratic fans. In the northern
part of the Arbuckle Mountains (Hunton Anticline) where fault-
ing was going on during Pennsylvanian sedimentation, similar
fans were deposited.

The prominent Devils Kitchen and Rocky Point conglom-
erates cannot be attributed to any single known fault. They both
show a component of coarsening to the southeast, but their three-
dimensional relationships are not well enough known to recognize
their source. They are wedge-shaped deposits texturally and
mineralogically similar to the other conglomerates, and there
seems to be no necessity to assign them to any greatly different
mode of deposition or provenance.

The emphasis on the mmportance of faulting in the formation
of the conglomerates does not, of course, imply that faulting was
of the same relative importance in the deformation of the basin
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margins. The conglomerates make up only a few per cent of the
basin rock, and the balance of the sediments presumably repre-
sent deposition from less sharply localized uplifts.

Because of erosion along the uplifted margins of the basin or
later deposition, none of the conglomerates can be seen in direct
contact with the fault block from which they originated; but the
Bostwick and Jolliff conglomerates do occur within a few hundred
yards of their source arca. However, on the north flank of the
Arbuckle Mountains a fault plane with a similar conglomerate 1s
well exposed along a series of high road cuts on U. S. Highway
No. 77 (Collings Ranch conglomerate, Ham, 1954).

The interbedding and lateral interfingering of the conglom-
crates with normal marine sediments plus the moderately well-
developed bedding suggest that the conglomerates were probably
deposited in shallow marine waters. It is even possible that they
are in part the product of direct wave erosion of sea cliffs. How-
ever, the mixed nature of the detritus and the considerable lateral
changes in thickness and coarseness are more in keeping with
erosion and transportation by a number of short high-gradient
streams. Under either condition it is likely that the shoreline
closely coincided with the margin of the uplift during the deposi-
tion of the conglomerates.

Destruction of the less durable portions of the detritus took
place during transportation, and it follows that there is a progres-
sive concentration of the more resistant elements in a basinward
direction. Thus, as the conglomerates are observed outward from
the basin margins, shale pebbles are the first to disappear, then
limestone fragments, and finally chert. The outer edges of all
the fans consist almost entirely of very pure quartz sand. It
should be recognized, however, that the distance over which some
of the conglomerates change character (the Bostwick, for example)
was originally appreciably greater than at present as tight folding
has brought initially widely separated parts of the fan into close
juxtaposition.

The determining factor in the formation of the Ardmore con-
glomerates was the sharp uplift of the basin margins during sedi-
mentation. Once the structural mechanism was in operation all
of the features of the conglomerates followed automatically.
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The significance of the conglomerates lies in the fact that they
show deformation was concomitant with sedimentation, and each
records a local episode in the orogeny of the region. Inasmuch as
the conglomerates occur throughout the greater part of the Penn-
sylvanian stratigraphic section, it follows that the diastrophism
was not concentrated in one or two short periods but was spas-
modic throughout a long period of Pennsylvanian sedimentation.
It is these marginal accumulations which record the orogenic
history of the region, and, as pointed out by Gilluly (1949), not

the minor unconformities within the basin.
The Sandstones
Deposition of the Ardmore sediments seems to have been

largely, but not entirely, in a marine environment. Fossils occur
throughout the section; in the Springer formation there is an
abundant microfauna though larger forms are common only very
locally; in the younger formations there is both an abundant micro-
and macrofauna. Direct evidence of some non-marine sedimenta-
tion is found in two small occurrences of coal, one in the Dornick
Hills formation of the eastern part of the basin and the other in
the Hoxbar formation at the south edge of Ardmore. It is pos-
sible, even probable, that other local areas of subaerial deposition
are present; but there are no satisfactory criteria for identifying
them.

The Springer basin of deposition was for the most part a
restricted somewhat stagnant sea. Numerous features suggest a
low level of oxidation in the area of accumulation. Among these
are the prevailing dark gray color of the sediments, the abundant
carbonaceous material, and the common occurrence of siderite
and pyrite in the shales and sandstones.

Massive unwinnowed, and thin-bedded shaly sands make up
the bulk of the Springer sandstones; and they indicate deposition
with little or no subsequent reworking by currents. The inter-
action of rate of subsidence and intensity of current action was
such that for the most part the site of deposition was below the

level of strongly agitated water.

The only fossils found widely in the Springer are Foraminifera
which presumably were surface dwellers. Absent are the common
bottom-dwelling forms such as brachiopods, mollusks, bryozoans,
etc., which usually dominate the fauna in normal shallow marine
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waters. The absence of such a benthonic fauna is further evidence
of the general stagnant unaerated environment of deposition.

The lack of calcite in the shales and the common occurrence
of siderite indicates a low oxidation-reduction potential and a pH
somewhat lower than normal (Garrels and Krumbein, 1952) such
as is to be expected in a stagnant zone (Weeks, 1952). It has also
been suggested by Weeks (1952) that the occurrence of primary
chert as in some Springer shales may be due to the same environ-
mental conditions.

The above generalizations concerning the environment of
Springer deposition have their exceptions, the most important of
which are found in associdtion with the Springer oil reservoirs of
the western part of the basin. These reservoirs constitute 2 dis-
tinctive facies in which nearly all of the features mentioned are
absent or are reversed.

The sandstones are massive and perfectly winnowed of their
clay matrix. A benthonic fauna is present and locally makes bio-
stromal accumulations. Siderite is absent, but calcite occurs both
as a cement and as oolites. Glauconite is a common authigenic
mineral, and quartz overgrowths are common.

All of the features indicate deposition of the reservoir rocks
in an agitated aerated oxidizing environment. It is apparent that
these sediments accumulated in normal marine waters and well
within the zone of wave and current agitation which operated on
the detritus and modified it for a prolonged period of time.
Deposition and subsidence was not so rapid but that the shallow
water environment could leave its imprint on the sediment.

These areas in which the reservoirs are now found were likely
topographic highs during the period of deposition; and on these
highs the finer detritus was removed from the sands by wave or
current action, and an aerobic environment maintained by the
shallow agitated waters. As the oil field areas are now on or
adjacent to large anticlines with structural relief of several hundred
to several thousand feet, it is likely that the submarine topographic
highs were maintained by early growth of the anticlines. That
deformation took place during deposition is suggested by the com-
mon occurrence of slumped beds on the flanks of the anticlines.
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The generally stagnant environment disappeared gradually
and not at the same time in all places, but the post-Morrow forma-
tions show much less evidence of the stagnant marine environ-
ment of Springer deposition. Rather they were deposited in un-
restricted shallow marine waters. A benthonic fauna consisting
mainly of brachiopods, fusulinids, corals, Bryozoa, and gastropods
occurs throughout the Dornick Hills, Deese, and Hoxbar forma-
tions. The generally light color of the sediments and the occur-
rence of red beds in the Deese formation indicate an oxidizing
cnvironment of deposition. The red beds, which are primary
depositional red beds, are also evidence of a climate sufficiently
warm and moist in the source area to produce red soils there,

Shallow agitated waters are indicated by the low amount of
clay matrix in the sandstones and by the common occurrence of
cross-bedding and ripple marks.

The overall rapid rate of accumulation of the Dornick Hills,
Deese, and Hoxbar formations and the large number of fanglom-
crates which are present on the margins of the basin suggest that
these formations are an example of most rapid, so-called “orogenic”
sedimentation. The great thickness of sediment represents a
corresponding great subsidence of the basin floor, and the fan-
glomerates are unmistakable evidence of sharp uplift on the basin’s
margins. ‘The sandstones do not have the obvious evidences of
very rapid deposition such as poor sorting and a large content of
unstable minerals. However, poor sorting is indicated in a subtle
way by the lack of hydraulic adjustment of the metamorphic
accessory minerals; and the unstable “minerals” are preseht as
detrital shale and limestone fragments. The abundant presence
of shale and limestone grains can best be explained as the product
of rapid erosion, short transport, and rapid rate of accumulation.
Considering the well-sorted sedimentary detritus available in the
source area, these sandstones are as “immature” both texturally
and mineralogically as any arkose.

Insofar as sedimentary processes are concerned, these Ardmore

Basin sediments differ little from the arkoses which directly over-
lie the Hoxbar formation. In each the essential feature is rapid
deposition from intermittently active uplifts along the jbasin mar-
gins. The critical difference between the orthoquartzites (?f th-e
Hoxbar formation and the arkeses of the Pontotoc formation 1s
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provenance, not type of sedimentation. The change in sediment
represents no change in the nature of sedimentation, but only
progressively deeper erosion on the borders of the basin cutting
from the Simpson sandstones to the Precambrian granites. The
same sedimentary processes which formed the Dornick Hills,
Deese, and Hoxbar sediments would, if they had occurred in
Cambrian time, have resulted in the deposition of a true tectonic

arkose.
Source of the Conglomerates
In the conglomerates exposed on the south margin of the

basin (the Jolliff and Bostwick members) the coarse detritus
clearly originated from the Criner Hills. The conglomerates
thicken and become coarser toward the Hills, and contain lime-
stone pebbles only in the exposures near the Criner Hills. All of
the formations now exposed in the Criner Hills, down to and
including the upper part of the Arbuckle limestone, are repre-
sented in these conglomerates.

The chert which constitutes the largest part of the coarse
material came from several formations. The Woodford chert was
the chief contributor, but cherty zones occur in the Hunton, Viola,
and Arbuckle limestones and at least locally supplied more than
half of the chert pebbles.

The conglomerates of the western part of the basin are known
from only a few scattered wells. However, they occur adjacent
to the uplifted margins of the basin; and the older Paleozoic for-
mations of these uplifts can be recognized in the pebbles which
have been obtained in a few cores.

The Devils Kitchen conglomerate and other Deese conglom-
erates of the southeastern part of the basin contain no limestone
pebbles by which the source formations may be recognized; nor,
because of the unconformable Cretaceous cover, can they be seen
in close proximity to their source area. However, these con-
glomerates are not different in kind than those of the south-
western flank of the basin. They are wedge-shaped basin margin
deposits, and they probably originated from faulted uplifts cither
east or south of the present area of exposure.

This interpretation of the Devils Kitchen and related con-
glomerates differs from that of Tomlinson (1929, 1953). Because
the conglomerates thicken and become coarser toward the south-
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east and because no limestone pebbles are present, Tomlinson main-
tained the source area must be to the southeast and could not have
been the Arbuckle facies with its thick carbonate sequences.

However, as already pointed out (page 35), the apparent
coarsening and thickening of the Devils Kitchen conglomerate
toward the southeast is only a two dimensional component of the
true relationship. There is no reason to assume the facies “strike”
(Krumbein, 1952) to be perpendicular to the line of outcrop; it
is in fact more commonly parallel, as for the Bostwick conglom-
erate of the opposite flank. The outward portions of alluvial fans
may assume at times the shape of radiating and twisting fingers
going out from the main mass. In such occurrences two dimen-
sional outcrops may give any number of directional pictures. The
direction of maximum increase in thickness and coarseness could
as well be to the east, or possibly slightly north of east or directly
south rather than to the southeast.

The absence of limestone pebbles may be due, as considered
by Tomlinson, to the absence of limestone in the source area; but
an equally satisfactory explanation is that the limestone pebbles
were destroyed during sedimentation. The part of the Devils
Kitchen conglomerate nearest the basin margin is not exposed;
and as can be seen in the Bostwick conglomerate, limestone peb-
bles are confined to a narrow zone along the basin margin. Nearly
all of the chert pebbles in the Devils Kitchen show a great deal
of pre-depositional weathering; it would be highly unexpected to
find any limestone pebbles capable of surviving the degréee of
weathering shown by the chert. If limestone pebbles are present,
they would be expected only farther east in the upper part of the
conglomerate wedge.

‘Without more detailed study it is not possible to trace the
Devils Kitchen chert pebbles to a definite source. However, none
of the distinctive chert lithologies of the Ouachita Mountains
(Honess, 1923; Goldstein and Hendricks, 1953) were recognized
in the Devils Kitchen pebbles.

Source of the Sandstones
In his basic paper on Ardmore Basin geology Tomlinson
(1929) regarded the main sourcés of the sediments to be in high-
lands which were located some distance to the southeast of the
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basin, and nearly all writers since have followed this interpreta-

tion (van der Gracht, 1930; Kay, 1951).

The role of such a land area in the general sedimentation of
southern Oklahoma is obvious (Miser, 1921) as all Paleozoic
detrital units, with the exception of the Ordovician orthoquartzites
and late Pennsylvanian and Permian arkoses, thicken and become
coarser toward the southeast, and either disappear or grade into
limestone toward the northwest.

However, the petrographic evidence from the Ardmore sand-
stones suggests that no single area could have supplied all the
detritus for these rocks. The provenance of the sediments must
necessarily have been complex as three distinctive petrographic
facies have been recognized in the sandstones; these are: (1) the
orthoquartzite assemblage of angular quartz and ultra-stable heavy
minerals of the Springer sandstones; (2) the angular quartz, rock
fragments, and metamorphic heavy minerals of the Dornick Hills,
Deese, and part of the Hoxbar formation; and (3) the rounded
quartz and heavy minerals, the detrital limestone, and the meta-
morphic heavy minerals of the outcropping Hoxbar sandstones.

The Springer was deposited in a relatively narrow trough across
southern Oklahoma, and it is paleogeographically possible that
Springer sediments may have come from several source areas. How-
ever, the homogeneity of the sandstones suggests that only one
petrologic provenance was important.

The immediate source of the Springer sandstones was an area
of sediments, but the indicated ultimate source seems to have been
a metamorphic terrane. Although the sandstones are essentially
concentrations of stable minerals, occasional metamorphic rock
fragments and acid plagioclase grains in the main constituents,
and traces of garnet and staurolite in the accessories suggest. an
area of predominantly metamorphic rocks for the original detritus.

With present information no definite conclusion as to the
location of this area can be reached. The simple mineralogy, high
degree of size-sorting, and apparent depth of water control of
sedimentation suggest a source on the craton, or north side of the
basin. However, no petrographically adequate provenance seems
to be present in the area.
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If the Springer is of Pennsylvanian age the Chester rocks are
perhaps a possibility. They were, presumably, deposited over a
larger area than that in which they are now preserved; but where
these rocks are now known on the south flank of the Ozark uplift,
and the north flank of the Anadarko basin they do not have the
quantity of detrital sediments, particularly sandstone, which would
be expected in the principal source of the Springer. And, of course,
if the Springer is the latera]l equivalent of these Chester sediments
this possibility ceases to exist.

The other indicated possibility for a source area is to the
southeast. The Stanley sediments are a quantitatively adequate
source, and the graywackes of the Stanley could yield quartzose
sands similar to those of the Springer after a moderate degree of
weathering and size-sorting.

The Stanley rocks of the Ouachita Mountains were deposited
over a much greater area than that over which they are now ex-
posed. They represent sedimentation from what was probably
the major paroxysm in the deformation of the Ouachita Moun-
tains; and it could well have been that as the area of deformation
expanded toward the interior of the continent, previously deposited
Stanley rocks were uplifted to form the source of the Springer
sediments. Possibly more than one cycle of erosion and deposition
was involved.

The Springer unit as a whole thickens greatly toward the
southeast, which is suggestive of a source in that direction, but
the.amount of sand does not show a similar increase. In fact,
from the small area for which information is available the amount
of sand appears to be less in the southeastern part of the basin
than in the northwestern part. However, in the area of close sub-
surface control it is apparent that the distribution of sand was con-
trolled more by bottom topography than by distance from source.
Each sandstone member represents a regional tendency toward
sand development, but within each unit variation is considerable,
and the amount and kind of sand was apparently controlled by
local environment.

In summary, the source of the Springer sediments is obscure
and equivocal. The most likely provenance appears to be the
Stanley sediments to the southeast of the Ardmore Basin, but the
evidence is not substantial.
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In contrast to the Springer, the later sediments show evidence
of being a mixture of detritus from two or more source areas.
The two provenances which can be most clearly recognized are
the sediments of the local uplifts bordering the basin, and a meta-
morphic terrane which was probably on the general Red River
uplift.

Several lines of evidence indicate that the sediments are of
mixed origin. Among these are:

(1) The metamorphic accessory minerals are not in hydraulic
adjustment with the rocks in which they occur. These minerals
are poorly size-sorted, although the quartz and ultra-stable heavy
minerals are excellently size-sorted. Also, the abundance and rela-
tive proportions of the metamorphic minerals vary greatly from
place to place, suggesting that availability is the controlling factor
in their occurrence.

(2) The same suite of metamorphic minerals occurs with
two assemblages of quartz, tourmaline, and zircon—the angular
assemblage of the Dornick Hills and Deese groups, and the well-
rounded one of the Hoxbar group. All cannot have had the same
source; the occurrence of the metamorphic minerals must be inde-
pendent of one or both of the stable assemblages.

The contribution of the local uplifts is most obviously shown
in the conglomerates; but the conglomerates do not bulk large in
total volume, and the greatest contribution of these uplifts was to
the finer detrital rocks. In general, the sediments portray the
progressive unroofing of the marginal uplifts. The climax of this
localized sedimentation came with the exposure of granite in the
Arbuckle Mountains during Pontotoc sedimentation, but Springer
and earlier Paleozoic sediments had been stripped off the uplifts
earlier and incorporated into the Dornick Hills, Deese, and Hoxbar
sediments.

The stratigraphic units which supplied the Dornick Hills,
Deese, Hoxbar sandstones were chiefly the Simpson sands of mid-
Ordovician age and the Springer sands of earliest Pennsylvanian
age. The Simpson sands were an important source only for the
Hoxbar formation, and then in only the area directly around the
Arbuckle Mountains. Minor contributions from the Simpson
are found in Dornick Hills sandstones around the Criner Hills,
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but in general the uplifts other than the Arbuckles do not have
much Simpson sandstone or were not eroded to sufficient depth
to expose the Simpson.

The presence of reworked Simpson sandstone is easily recog-
nized by the extreme rounding of the quartz and heavy mineral
grains. The similarity of the Hoxbar and Simpson sandstones
can be seen in photomicrographs of thin sections, loose grains, or
heavy minerals as in Figures 6 and 22, 9 and 24, and 10 and 35.
Furthermore, grain size and sorting and the varieties of quartz
and tourmaline match closely in the two formations. In addi-
tion to the similarity of the quartz and accessory minerals, the
Hoxbar sandstones contain detrital limestone and chert grains
which must have originated from a sequence of limestones such as
those with which the Simpson sands occur. Some of the limestone
grains can be matched with well known types of the Arbuckle
Mountains; particularly distinctive are grains of the silty limestone
of the Sycamore formation,

For the sandstones other than those of the Hoxbar around the
Arbuckle Mountains the sands of the Springer formation seem to
have been a major source. The stable constituents of the Dornick
Hills and Deese sandstones are extremely similar to those of the
Springer sandstones. The same varieties of quartz, tourmaline,
zircon, and rutile seem to be present in all of these sandstones;
and the grain shape and size distributions are very much alike

(Figures 36 and 37; Tables 8 and 9).

Actually the similarities between the Springer sandstones and
the Dornick Hills-Deese sandstones can be explained by assuming
a continuation of sedimentation from the same source as for the
Springer, as well as by reworking of previously deposited Springer
sandstone—or by a combination of the two. However, several
things suggest that most of the sediment is largely reworked
Springer directly from the flanks of the basin. One is the large
amount of shale fragments that is found in the Dornick Hills-
Deese sandstones; this is not likely to have been transported more
than very short distances. Several paleogeographic facts also sup-
port this interpretation; among these are: (1) the Arbuckle
Mountains were eroded into the Ordovician strata by the begin-
ning of Hoxbar sedimentation; and hence, all younger Paleozoic
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sediments must have been stripped off before Hoxbar time and
have contributed to the sediments of the Ardmore Basin; (2)
drilling has shown that a number of large anticlinal structures
in the southern and western parts of the basin, including the
structures of Velma, Fox-Graham, Healdton, and Hewitt oil fields,
were eroded of part or all of their lower Pennsylvanian sediments
before they were buried by upper Deese, Hoxbar, or Pontotoc
sediments; the detritus from these uplifts must necessarily have
contributed to the Ardmore sediments; and (3) the occurrence
of conglomerates at a number of levels in the Deese and Dornick
Hills groups show that the basin margins were land areas supply-
ing sediment during Dornick Hills-Deese sedimentation.

The volume of the Dornick Hills and Deese sediments in the
Ardmore Basin is not more than 350 cubic miles. This can readily
be accounted for by erosion of the highlands immediately sur-
rounding the basin, as a conservative estimate of the land areas
supplying sediment indicates a minimum of 500 square miles.

The contribution of the metamorphic terrane is most clearly
shown by the abundant accessory minerals of metamorphic origin
in many of the samples, but is also indicated by small amounts
of metamorphic rock fragments.

For the exposed sediments the metamorphic rocks were not
a quantitatively important source, and many samples show little
or no evidence of any source other than the earlier sediments from
the local basin margin uplifts. In the samples from wells in the
western part of the basin the metamorphic source is more obvious,
and in this part of the basin apparently played a bigger part in
the overall sedimentation than it did around Ardmore. The
greater influence of the metamorphic terrane in the western part
of the basin is perhaps most clearly shown in the distribution of
the heavy minerals (Table 5). Metamorphic minerals, particularly
garnet, are more abundant in the western samples, are more uni-
formly distributed, and occur in greater variety.

This distribution of accessory minerals indicates that their
source was probably to the west or southwest of the Ardmore
Basin. Such a source is also suggested by the occurrence of chlori-
toid, metamorphic type chlorite, and clinozoisite at lower strati-
graphic levels in the western part of the basin.
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The specific area from which these minerals came was most
probably the Red River uplift. This area was emergent during
much of Pennsylvanian time, and Precambrian medium rank meta-
morphic rocks are now overlain directly by upper Pennsylvanian
sediments (Flawn, 1956). These basement rocks are the only
petrographically adequate source now known for the metamorphic
contribution to the Pennsylvanian sediments of the Ardmore Basin.
It is possible that low and moderate rank metamorphic rocks may
occur in the buried portions of the Wichita Mountain trend and
have been a source. The exposed Wichita Mountains are largely
granite with some gabbro, but a small area of high rank meta-
morphic rock (Meers quartzite) is known, and drilling has dis-
closed the presence of igneous flows and low rank metamorphic
rocks on the Wichita trend just a few miles to the west of the
area studied here.

In addition to the two relatively near-by recognized sources
other areas may well have contributed minor amounts of detritus
to the basin. The Wichita Mountains were uplifted in early Penn-
sylvanian time, and contributed arkose to Deese equivalents in the
western part of the Anadarko Basin. The presence of occasional
flakes of fresh biotite in some samples from the western part of
the basin suggests a source in the Wichita Mountain rocks, but
evidence of such a source is scant east of the Velma uplift, and
it was probably not quantitatively important.

The general land area which supplied the bulk of eastern
Oklahoma sediments was probably cut off from the Ardmore Basin
by the uplift of the Arbuckle Mountains, but for general Penn-
sylvanian sedimentation there were source areas to the southeast
of the present Ouachita Mountains, in the Ozark Mountains, in the
Trans-Continental arch of the North Central United States, and
in the southern Rocky Mountains, all of which could have been
the origin of detritus not readily distinguished in small amounts.

A particular attempt was made to recognize a contribution of
detritus from the Ouachita Mountains, but this could not be done.
No posttive evidence that the Ouachitas were or were not a source
area for Pennsylvanian sediments was found, but there are several
lines of negative evidence that indicate the Ouachita Mountains
were probably not a major source area. Among these are:
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(1) No grains or pebbles of Ouachita rocks could be recog-
nized in the Pennsylvanian sediments of either the Ardmore Basin
or the McAlester Basin north of the Ouachitas.

(2) The Jackfork sandstone, which is the main body of sand
in the Ouachita Mountains and would necessarily be a major source
of detritus, approaches being an orthoquartzite and has the char-
acteristic orthoquartzite mineral assemblage of ultra-stable min-
erals. It has a simpler mineralogy and a lower degree of size
sorting than any of the Pennsylvanian sandstones for which 1t
could conceivably have been a source. No combination of Ouachita
rocks could apparently have furnished the mineral composition of
the Ardmore Basin sediments.

(3) No unconformities or orogenic conglomerates which can
be attributed to uplift in the Ouachita Mountains are found in the
Pennsylvanian strata bordering the mountains.

(4) The Ouachita Mountains were themselves receiving sedi-
ments at least until near the beginning of Deese deposition. The
Atoka formation is the same age as much of the Dornick Hills
group, and hence, can hardly have been a source of the Dornick
Hills. As the Deese sandstones are petrographically indistinguish-
able from those of the Dornick Hills (both differ from the Atoka)
one may doubt that the Ouachita Mountains were the source of
either.

(5) If the Ouachita Mountains were a major source area
similar sediments would be expected in the McAlester Basin to
the north, and the Ardmore Basin to the west of the mountains.
This is not, however, what is found. The McAlester Basin sand-
stones are generally dissimilar to those of the Ardmore Basin. In
particular, they are characterized by abundant mica which 1s
present in only traces in the Ardmore Basin sandstones.

These observations are perhaps not sufficient to rule out the
possibility of a Pennsylvanian Ouachita uplift, but recognizable
sources of Pennsylvanian sediments seem to be adequate, and 1n
the absence of positive evidence one has little reason for assuming
the Ouachita Mountains were a source area.
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RESERVOIR PETROLOGY OF THE SPRINGER SANDSTONES
Introduction

It has been pointed out throughout the description of the sedi-
ments that the Springer reservoir sandstones of the Ardmore basin
are petrographically distinctive. They illustrate with a high de-
gree of perfection the “specific reservoir” concept as developed by
Krynine (1948; 1951a; 1951b) and the differentiation of a reservoir
and source facies within a sedimentary basin as described by

Weeks (1952).
General Character of the Springer Sediments
The Springer formation consists of about 4,000 feet of sedi-

ment, most of which is dark gray shale. Several sandy zones occur
in the upper part of the unit, and in these are found the oil
reservoirs. Laminae or bands of siderite occur throughout the
shale, and a trace of limestone is present 1n association with the
oil reservoirs.

The shale is characteristically very fine-grained and lacking
in detrital constituents other than clay minerals. Illite is the
dominant clay mineral, but kaolinite is present in all samples and
montmorillonite in most. Since the composition of the sandstones
suggests that the Springer is an accumulation of stable minerals,
the montmorillonite probably represents volcanic ash falls; there
is evidence of volcanic activity in the Ouachita Mountains in late
Mississippian time. Siderite is by far the most abundant authi-
genic mineral, but pyrite is common, and much of the shale is
slightly siliceous. ‘The dark color of the shale is due to abundant
carbonaceous material.

Sandstone makes up less than fifteen per cent of the Springer
formation, but locally in the area of Springer oil production the
upper half of the unit is approximately fifty per cent sandstone.
The sandstones occur in four or five zones which have at least
local continuity. These sandy zones consist of a large number of
incompletely coalescing sand bodies which change thickness and
character over a distance of a mile or less.

The sandstones range from thin-bedded to massive, and the
massive sandstones may be ecither clean quartz sandstones or clayey
sandstones with a uniformly distributed matrix. In grain size they
are either fine- or very fine-grained, and the sand fraction is
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uniformly well-sorted. Quartz and clay minerals are the only
abundant detrital constituents; and the ultra-stable tourmaline,
zircon, and rutile comprise nearly the entire heavy mineral assem-
blage. Bonding of the rocks is either by authigenesis of the clay
minerals or by chemical cements. Quartz, calcite, and siderite are
found as cements; however, quartz and calcite are found only in
the more quartzose sandstones. In an occasional sand body, or
part of one, bonding is virtually absent. Other than the cements
the only authigenic mineral is glauconite; it is a minor constituent
of many of the sandstones.

Limestone is a minor part of the Springer formation, and
has only been found in a few thin beds in the oil field area of the
Ardmore basin. Two types of limestone are found: one is an
oolitic limestone in which the oolites are dark gray and have
nuclei of quartz grains that are the same size as the grains in the
associated sandstones; the second type is a bioclastic limestone
made up of fragments of brachiopods, bryozoans, crinoids, and
algae.

The fauna of the Springer formation is sparse, and except in a
few small areas is completely lacking in the normal bottom forms of
a shallow marine sea. A long range planktonic microfauna 1s
present, and collections of goniatite casts and sharks’ teeth have
been made. In addition to the fauna occasional fragments of

plant fossils are found.
Petrography of the Springer Reservoirs

The sandstones which make up the Springer reservoirs are
a distinctive lithologic type that can be readily identified by petro-
graphic criteria. In most of their characteristics they are not a
completely separate population, but rather are one extreme of the
general range of distribution of the individual characteristics. In
all characteristics the Springer sandstones have a considerable range
of values, but reservoirs are found within only a small part of that
range. The better the reservoirs the more distinctive they are.

The more obvious characteristic features of the reservoirs
are as follows:

(1) The sandstones are highly quartzose. Ordinarily quartz
constitutes 95 per cent or more of the detrital constituents, but in
the better reservoirs the percentage may approach 100. In partic-
ular, little or no clay matrix is present in the better reservoirs.
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(2) As a group the oil producing sandstones are coarser
than the non-producing ones. Nearly all of the better reservoir
sandstones are fine-grained whereas the bulk of the Springer
sandstones are very fine-grained (figure 36). No significant dif-
ference in size sorting was found.

(3) Bedding of the reservoirs tends to be massive, and the
sandstone occurs in unbroken sequences as much as a hundred
feet thick. The reservoirs grade laterally into thin-bedded sand-
stones which commonly show depositional slumping.

(4) The reservoir sandstones contain a higher proportion
of heavy minerals than do the other sandstones. In a few samples
selected size fractions had as much as five per cent heavy minerals,
whereas the non-reservoir sands characteristically had less than
one-half per cent. The heavy mineral assemblage of the reservoirs
is also more restricted; semi-stable minerals such as garnet and
staurolite occur in small amounts in the ordinary Springer sand-
stones but are absent in the reservoir sandstones.

(5) With the exception of the outcropping Target limestone
(Bennison, 1954) the only limestones known in the Springer occur
in association with the reservoir sandstones. The limestone is
either bioclastic or oolitic. On the crest of the Sholom Alechem
anticline the Sims sandstone member consists in large part of
fossil fragments, and in most of the coarser-grained sandstones
limestone fragments are common.

(6) Siderite which is a common cementing mineral in the
Springer as a whole is absent in the reservoir facies. On the other
hand, calcite which is a rare mineral in the normal Springer lith-
ology, is common, both as clastic grains and cement, in the reser-
voir sandstones.

Distribution of the Reservoir Sandstones

All of the Springer oil fields occur on top or on the flank of
moderately large to large anticlinal structures. The chief produc-
ing area is along the uplift upon which the Fox-Graham and Velma
fields occur; other important fields are on the large Sholom Ale-
chem Anticline, and on the west plunge of the Arbuckle Anti-
cline and the Pauls Valley Uplift. Although the sands are lentic-
ular, there has been no important production from isolated sand
bodies independent of a large uplift.
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On these anticlines the character of the reservoir seems to be
related with structural position, with the best reservoirs found 1n
the highest positions structurally. The reservoirs change down dip
by the intercalation of thin shale partings which become progres-
sively more abundant. The downdip limit of the reservoir 1s
poorly defined but is marked by gradual reduction in the perme-
ability of sands. There is no edge water; and, hence, no water
drive in any of the oil accumulations. The relationship between
structural position and quality of the reservoir has been noted by
Davis (1951), and the data in Table 17 are taken from his work.

TABLE 17

RELATIONSHIP OF STRUCTURAL POSITION AND RESERVOIR
PROPERTIES IN THE SPRINGER RESERVOIR OF VELMA

Avg, Avg.

Well Subsea Top Gross Ft. Net Ft. Perm. Poros.
1st Sand of Section 0il Pay Md. %
A -3722 335 238 300 21
B -4022 315 194 190 19
C -4871 334 212 70 16
D -5398 292 172 40 14
B -b892 302 65 31 12

In five wells which cover a range of slightly more than 2,900
feet of structural relief the average permeability decreases from
300 to 31 millidarcies, the porosity from 21 to 12 per cent, and the
number of feet of productive sand from 238 to 65 feet. Similarly
detailed data are not available for the other Springer ficlds, but
the evidence all supports the interpretation of a general downdip
deterioration of reservoir quality. In all of the fields studied, the
coarsest and most quartzose samples were from the structurally
high wells, and there was progressive decrease in grain size, and
increase in clay content in structurally lower wells. Electric log
cross-sections perpendicular to the strike characteristically show a
breaking up of the massive up-dip sand bodies, and a decrease in
the amount of net sand and in porosity as the units are followed

down dip.

At Velma (data for other fields not available) the oil system-
atically becomes heavier and more viscous down dip, and the
edge of the field is in part contrelled by the occurrence of oil too
heavy and viscous to produce economically. The systematic change
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in the character of the oil is in keeping with the change in rock
character, and can possibly be attributed to the change in clay
content of the reservoir (Chilingar, 1955), or to differences in the
physical-chemical environment of origin.

Origin of the Reservoir Sandstones

The contrast between the reservoir sandstones and the remain-
der of the Springer is largely the contrast between deposition in
relatively highly agitated waters and deposition in relatively quiet
waters. In the reservoirs the winnowed character of the sands,
the massive bedding, the coarser grain size, and the placer-like
concentration of heavy minerals attest the action of strong currents
whereas the presence of a benthonic fauna and of oolites indicates
aerated agitated waters of normal salinity and pH.

On the other hand, the bulk of the Springer is an almost per-
fect example of what Weeks (1952) has termed a “source facies.”
‘The unwinnowed or thin-bedded sandstones suggest deposition in
relatively quiet waters while the absence of a benthonic fauna and
the presence of a fauna of floaters and swimmers indicates that
the bottom environment was probably stagnant. The absence of
calcite in these sediments, the abundance of siderite, the occasional
occurrence of pyrite and chert, and the abundance of carbonaceous
material form associations characteristic of a narrow range of
physico-chemical conditions. Apparently the only important vari-
able influencing the deposition of calcite in a marine environment,
either physico-chemically or biochemically, is the pH of the en-
vironment; and the failure of calcite to be deposited in an en-
vironment in which chemical sedimentation was taking place prob-
ably reflects a pH less than that of normal open-water seas (7.5-8.5)
and probably close to 7.0 At a pH of 7.0 siderite will be deposited
in an environment with an oxidation potential from 0.0 to -0.2
and pyrite below -0.2 (Krumbein and Garrels, 1952). Thus, the
indicated bottom environment is one which is only slightly alka-
line, or possibly even neutral, and which is moderately reducing
most of the time but occasionally is strongly reducing. As the
Springer fauna indicates that the surface waters were oxygenated
and of normal salinity, it is probable that Springer deposition was
in a basin in which circulation was partially restricted by a sill.
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As Weeks (1952) has pointed out, this can be an ideal condition
for the generation of petroleum.

Deposition of the reservoir facies within such a basin requires
that there be local variation in the relationship between the sur-
face of deposition and the depth to which current and wave agita-
tion extend. Where deposition was at a depth of slight or no
agitation, near-stagnant or stagnant conditions existed; but at the
same time deposition on isolated topographic highs could be on
strongly agitated bottoms with an oxidizing environment. On
these highs the physico-chemical environment would be that of
the open circulation marine environment, that is, mildly oxidizing
and alkaline and with normal marine salinity. Under these con-
ditions calcite could be deposited either biochemically or physico-
chemically; and at periods when sand was entering the basin, these
highs would be sites where the currents would winnow the finer
grains {rom the detritus and leave on the highs the relatively more
coarse sand which accumulated as the massive quartzose reser-
voir rocks.

Such topographic highs may be the random irregularities of
any sea bottom; and, thus, the reservoir environment may have
existed briefly at almost any place within the basin.

However, the critical factor seems to be that structural deforma-
tion was going on during sedimentation. The fact that the major
Springer oil reservoirs occur in association with large structural
highs indicates that the variation of the surface of deposition was
the topographic reflection of structural features. Further evidence
that the structural features controlled the surface of deposition and
that the anticlines were growing during sedimentation is the com-
mon occurrence of slumping in the sediments along the flanks of
the anticlines (p. 52). At least along the flanks of the Fox-Gra-
ham-Velma uplift the slumping has consisted of relatively large
displacements and strongly suggests the existence of slopes along
which the unconsolidated sediments could slide.

During deposition these embryonic anticlines or other uplifts
were probably areas of lesser subsidence, and were sites in which
any detritus would be subjected to more intense and especially
more prolonged current agitation than the surrounding areas, and,
hence, would accumulate sediment which could preferentially store

oil (Krynine, 1951).
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Conclusions
Springer sedimentation was for the most part in a basin of
restricted circulation where the physical-chemical environment was
near the optimum for the generation of petroleum. The Springer
sandstone reservoirs were deposited on local sites of a quite dif-
ferent environment—one of agitated and oxygenated waters.

The localizing factor for the major reservoirs seems to have
been in all instances a structure which was growing during sedi-
mentation and was, hence, able to maintain shallow water or to
hold a shoreline for a considerable period of time. The critical
factor in the formation of the Springer reservoir sandstones was
not the environment in which they were deposited, but rather the
length of time they were exposed to that environment.

These uplifts are not structural traps in the usual sense, but
have localized the accumulation of oil through being the sites of
the deposition of potential reservoir sandstones. Hence, not all
anticlines are equally probable oil pools; only those anticlines with
an early tectonic history are likely to have adequate reservoirs;
anticlines formed entirely during the Arbuckle (late Pennsyl-
vanian) orogeny cannot be expected to have major Springer oil
accumulations.

Similarily, any other type of “trap” which is independent of
a local uplift that was active early is not a favorable area for oil
accumulation. Truncation of a sand body is not in itself likely
to form a trap. Only where the truncation cuts a zone of favor-
able facies is there likely to be an accumulation, and in such in-
stances the truncation is strictly a factor of secondary importance.
The main effect of the truncation is to decrease the size of the
available trap.

While certain conventional types of oil traps are not likely
to be found in the Springer sandstones, it is not necessarily true
that the only Springer oil fields will be found on anticlines. As
the early tectonic uplift, not the anticline. plays the important role
in the formation of a reservoir, any faulted monocline, horst, or
unclosed anticline is a potential site of a reservoir if it were being

formed during Springer sedimentation.

Since the presence of a reservoir is related to the presence of
a growing structure, the size and position of the reservoir are
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likely to be related to the magnitude of the uplift. The larger the
uplift and the greater the amount of structural relief, the more
likely are the sandstones to have been exposed to prolonged cur-
rent and wave agitation. Also, where favorable sandstones occur
far down on the flanks of a large uplift, the uplift was presumably
a large topographic feature during deposition of the sand. Where
the reservoir sands are limited to a flank occurrence, such as at
Velma, it is probable that the extent of the sand is not controlled
by truncation alone but that the sands were not deposited com-
pletely across the topographic feature which existed during sedi-
mentation.

Presumably the oil in the Springer is indigenous. The Springer
shales which surround the reservoir sandstones seem to be an ideal
source facies, and there is no apparent need to look further for
the source of the Springer oil. Permeability is a locally developed
feature of the Springer sandstone zones, and anything but local
inigration of the oil does not seem to have been possible.
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D-72
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S-80
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D-N-98
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APPENDIX

LOCATION AND STRATIGRAPHIC POSITION
OF SAMPLES

Stratigraphic
Position

Bostwick cg.
Dornick Hills gr.
Devils Kitchen cg.
Deese fm.

do.

Middle Deese
Basal Hoxbar

Big Branch fn.
Upper Dornick Hills (7)
Devils Kitchen cg.
Deese fm.
Bostwick cg.
Dornick Hills gr.
Rod Club ss.
Springer fm.

do.

Lake Ardmore ss.
Springer fm.
Primrose ss.
Springer fm.
Lower Deese fm.

Fusulinid sand
Deese fm.
Lower Deese fm.

Sims ss.
Springer fm.
do.

Humphreys ss.
Springer fm.
Lower Hoxbar fm,
Lower Hoxbar fm.
Zuckermann ss,
Hoxbar fm.

Natsy ss.

Deese fm.

Sims ss.

Springer fm.
Upper Deese fm.
Middle Deese fm.
Lower Deese fm.
Big Branch fm,
Upper Dornick Hills
Bostwick cg.
Dornick Hills gr.
Middle Deese fm.
Lake Ardmore (?) ss.
Springer fm,
Lake Ardmore ss.
Springer fm.

Rod Club ss.
Springer fm.

Location
NW NE NW 27-48-1E

NE NE SW 4-63-2E

SW SW SW 13-65-2E
SW NW NW 33-58-2E
NE SW NE 17-58-2E
SE SW SE 27-45-1E

SW SW NW 18-48-2E
SW SW SW T7-48-2E
SE SE NE 12-45-1E

do.
NE NE SE 1-45-1E

do.

Schermerhorn #3, Calvery,
3743-3747, NW SE SW 2-28-3W
Schermerhorn #9 Sparks, 2115,
C SL SW SwW 30-28-2W
Schermerhorn #1 Morris, 3201,
SW SW NW 2-2S5-3W

Gulf #3 Pruitt

SW SE SE 29-28-3W

Gulf #9, Lindesmith

SE NW NW 33-2S-3W

Seaboard #2 Carpenter, 6579,
SE SW SW 11-2S-3W

NW NW NE 7-58-2EKE

SE NW SE 8-58-2E

NE NE NW 16-55-2E

SE NW SE 17-58-2E
Continental #1A Martin
SW SW NW 6-2S8-3W
SW SW SE 20-58-2E
NW NE NW 4-6S-2E
NW NW NE 9-6S-2E
NW NE NE 28-4S-1E
SE NW NE 28-4S-1E

C SL 16-45-1E
NW SE SE 33-2S-1E

NW NW NE 11-3S-1W
SE NW SE 2-38-1wW
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Sample

D-176
S-0-178

D-181
DH-186

S-LA-190
S8-0-185
S-RC-196
G-198
D-207
D-DK-214
DH-B-216
D-218
H-232
D-234
H-236

H-239
DH-B-240

S-0-242
Si-245
Si-246
5i-247
Si-248
Si-249
Si-250
Si-257
si-261
D-272
D-278
D-284
D-285
D-286
H-289
H-290

Stratigraphic
Position

Lower Deese fm.
Overbrook ss.
Springer fm.
Upper Deese fm.
Big Branch fm,

Upper Dornick Hills

Liake Ardmore ss.
Springer fm.
Overbrook ss.
Springer fm.
Rod Club ss.
Springer fm.

Upper Goddard fm.

Lower Deese fm.
Devils Kitchen cg,
Deese fm.
Bostwick cg.
Dornick Hills gr.
Upper Deese fm,
Lower Hoxbar fm.
Middle Deese fm.
Zuckermann ss.
Hoxbar fm.
Upper Hoxbar fm.
Bostwick cg.
Dornick Hills fm.
Overbrook ss.
Springer fm,
Bromide ss.
Simpson gr.
Tulip Creek ss.
Simpson gr.
Tulip Creek ss.
Simpson gr.
McLish ss.
Simpson gr.
McLish ss.
Simpson gr.
McLish ss.
Simpson gr,

2nd Bromide ss.
Simpson gr.

2nd Bromide ss.
Simpson gr.
Upper Deese fm,

Tussy ss.
Deese fm.
Fusulinid ss.

Deese fm.
Lower Deege fm.

Lower Deege fm,
Lower Hoxbar fm.

do.

APPENDIX

Location

NE SE NE 8-38-18
NE SE SE 17-38-1H

NE NW SE 14-4S-1E
NE NW SE 11-45-1E

SW NE SE 2-4S8-1E
SW NW NE 2-45-1E
SW NE SW 35-38-1E

SW SW NE 35-3S8-1E
NE SE SE 28-3S-1E
SW 8W SW 13-6S-2E

NE NE NW 25-6S-2E

SW SE NE 21-48-2E
SE SE SE $-58-2E

SW SE SE 10-3S-2E
SE NW NE 16-5S-2E

NW NW SW 15-58-2E
SW SE SE 34-4S-1E

NE NE NW 6-6S-2RE

U. S. Highway 77, So. flank
Arbuckle Mountains
do.

U. 8. Highway No. 77, So. flank
Arbuckle Mountainsg
do.

do.
do.

Skelly #1D Frensley B., 6684-
6693, C SW SW 25-18-5W

Skelly #4 Robberson, 7180-7194’,
35-18-5W

Skelly #2 Hinkle, 2777-2793",
32-IN-3W

Skelly #1 Johns, 3606-3610",
19-1IN-3W

Skelly #3 Gross, 2605-2617,
32-1N-3W

Texas #2 Denny

NE SE NE 1-28-4W

Stanolind #1 Mills, 5332-5348’,
17-28-3W

Skelly #1 Humphries, 1815-1833’,
SW SW SW 13-18-5W

Skelly #1 Humphries, 1975-18983’,
SW SW SW 13-18-5W



Sample
D-292

D-305
S-H-401
S-G-402
S-403
S-FI-417
S-S-423
S-S-424
S-G-429
§-S-433
S-8-437
S-444
S-S-455
S-S-457
$-8-459
S-S-462
S-S-464
A-502
J-507
St-508
St-510
J-515
St-517

APPENDIX

Stratigraphic
Position

Upper Deese fm.

Tussy ss.
Deese fm.
Humphrey ss.
Springer fm.
Goodwin ss.
Springer fm.
Sims (?) ss.
Springer fm.
Humphrey ss.
Springer fm.
Simg ss.
Springer fm.
Sims ss.
Springer fm.
Goodwin ss.
Springer fm.
Sims ss.
Springer fm.
Sims ss.
Springer fm.
Sims (?) ss.
Springer fm.
Sims ss.
Springer fm.
do.

do.

do.

do.
Lower Atoka fm.
Jackfork ss.

Upper Stanley fm. gp

Upper Stanley fm. gp.

Lower Jackfork ss.

Upper Stanley fm. gp.
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Location

Skelly #1 Humphries, 2628-2643’,
SW SW SW 13-18-5W

Skelly #1 Baker, 3272-3290’,
SW NW NE 25-15-5W

Stanolind #1 Johnson, 5633-5664,
4-28-3W

Stanolind #1 Johnson, 6402-36¢,
4-28-3W

Cumbic and Collins #1 Luster,
850-890°, 17-18-2W

Magnolia #7 Ida Bumpas, 4871~
4881, 33-18-3W

Magnolia #7 Ida Bumpas, 5265-
5275, 33-18-3W

Magnolia #7 Ida Bumpas, 5276-
5286’, 33-18-3W

Skelly #E-4 Frensley, 3195-3212',
NW NW SW 24-1S-5W

Skelly #1 Romina, 3900-3914",
SE SE SE 14-15-5W

Skelly #1 Baker, 4162-4182’,

SE NW SE 25-1S-bW

Skelly #32 Wirt Franklin, 3765-
3777, NE SE SE 34-1S-bW

Sun #8A Robison, 4973,

SE NE SE 3-28-4W

Sun 8A Robison, 50127,

SE NE SE 3-28-4W

Sun #8A Robison, 5049,

SE NE SE 3-28-4W

Sun #8A Robison, 51227,

SE NE SE 3-25-4W

Sun #8A Robison, 5139,

SE NE SE 3-25-4W

3-3N-19E

Latimer Co., Okla.

6.8 mi. east of Antlers, Okla.
State Hw. 3, Pushmataha Co., Okla

31-48-21E

McCurtain Co., Oklahoma
31-48-20E

Pushmataha Co., Okla.
2-3N-19E

Latimer Co., Okla.
1.5 mi. north of Moyers,
Pushmataha Co., Okla.
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