























to Verdigris River. It erops out in a narrower band
west of Verdigris River +to the vicinity of Ooclogah,
and thence southward to Broken Arrow.

The Pawnee limestone 1is composed of the follow=-
ing: '
Feet

(1) Upper limestone member 20 feet thick
at the Kansas line but gradually thick-
ening southward to 30 feet or more in
southern Nowata County and 65 feet east
of Tulsa. Average thicknessSeecsssoscss 40.0

(2) Black fissile shale, containing PHOS-
PHATIC concretionse. Maximum thick-

ness.o.l.oeoonooo.l.e-ou.ao.lloa.oloan. 12.0

(3) Lower limestone member hard, gray and
partly crystalline. ThicknesSesoceeocsss 640

The writer has seen the black shale member in
one locality only, along U. S. Highway 60, east of
Nowata, Oklahoma, in T. 26 N., Ranges 16 and 17 E.
(Area No. 3)s. There the shale 1is 3 feet thick and
contains an abundance of black phosphatic nodules
and plates of the type described in (B)s It is best
exposed ecast of the Verdigris River but even there
it is usually covered by about 3 feet of the upper
limestone member which forms dip slopes on the hill-
tops. A representative sample of +the nodules and
plates from the south side of the road in the NW cor.
sec. 32, T. 26 1., R. 17 B. contained 32.68% Po0g.

Owing to the wider exposures farther north it
is hoped that areas may be found where the upper
limestone member has been removed by erosion, leaving
the black shale better exposed for winning the phos-
phate. If such exposures are found this shale has
possibilities similar to those of the black shale in
the Ft., Scott limestone, alrcady described.

The Hogshooter limestone crops out from the Kan-
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'sas line southward across Nowata, Washington, Tulsa,
Creek, and Ckfuskee counties, to a point west of Ole-

mah. Its outcrops are generally narrow except in
T. 26 N., where it forms outliers east of Hogshooter
Creek. It attains a maximum thickness of 26 feet on

Hogshooter Creek in sec. 9, T. 26 N., R. 14 &. but is
thinner both north and south of this point. Outside
of Twps. 26 and 27 N. the entire thiclkness 1is seldom
more than 12 feet and over much of the area of its
outcrop from the Kansas line to Arkansas River it is
less. The greater part of the Hogshooter is made up
of' gray to buff-colored limestone carrying a few cri-
noid stems, brachicpods and other fossils. A dark
crinoidal hed which conteins phosphetic concretions,
or nodules, 1is always present at the Dbase. It is
usually one foot or less in thickness, but on *the back
of the school ground in Ramon: it is 4% feet thick.

The Hogshooter has been mapped from the Kansas
line to Arkeansas River, and samples were taken for
analysiss. Available analyses seem to indicate that
all of the Hogshooter 1is good agricultural limestone
(above 90% CaCOg), but the phosphate is confined to
the lower, dark, crinoidal, nodular bed. Consequent-
ly the only places where it appears practical to mine
phosphatic limestone, are along the outerop of this
basal bed.  The most suitable places are on the dip
slopes where the higher beds have been nearly or com-
pletely removed by erosion. Such places have been
mepped and sampled with more +than usual care, (see
data on Washington and Nowata counties in the tabula-
tion of analyses at the end of +this report).  This
basal bed may be unusually valuable as an agricultural
limestone 1if the contained phosphate proves to be
available to growing crops.

Two localities mnear Brooken, (Area No. 5) in
Haskell County, were visited by the writer and A. H.
Hanson, Of Muskogee, Oklahoma, in October, 1937. The
first is in the SW3 sec. 8, T. 9 N., R. 18 E. on un-
alloted land west of an abandored clearing known lo---
cally as '"the old Munn field". Ten feet west of the
field fence 1is a bank of black fissile shale contain-
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ing phosphatic nodules and plates. A representative
sample of these contained 20.72% PpOs.  Two hundred
feet farther west across a draw, 1is an old pit, with
a dump composed of shale and a small amount of hard
granular shale, which contained 13.74% Pg0s.

The second locality visited 1is 1,200 feet south
of the NE cor. sec. 5, T. 9 N., R. 18 I, where there
is an exposure  of what appears to be +the same black
shale. This shale is possibly 50 feet thick and
forms the lower part of an escarpment capped by the
Bluejacket (7) sandstone. In the lower part of this
shale is = five-foot bed containing phosphatic nod-
ules and plates, which make up about 5% of its volume.
Two representative samples of the material showed
23.08% snd 23.68% P505.  About twenty feet higher is
a nodular shale bed 0.3 feet thick, dark brown to
black in color, granular in texture and rather soft,
which contained 12.82% Po0g.

Arbuckle Mountains Area

The Woodford formation crops out around the mar-
gin of the Arbuckle Mountains area in Pontotoc, Iur-
ray, Carter, and Johnston counties, and consists of
black shales and interbedded chert. It lies uncon-
formably on the Hunton limestone and is overlain by
the Sycamore limestone on the south side of the Ar-
buckle Mountains and south of Davis, and by the Wel-
den limestone on the Lawrence Uplift, south of Ada.

The best description 'of the Woadford formation
is given by Taff, E/Pwho says:

"The Woodford chert has an estimated average
thickness of 650 feet. It varies somewhat in litho-
logic character. In places massive chert rests upon
the limestone (Hunton); in other places Dblack shale

1/ Taff, J. A., "The Geology of the Arbuckle and ¥ich-
Tte Mountains in Indian Territory and Oklahoma': Qkla.
Geol. Survey Buil. 12, 1928. (Reprint of U. S. Geol.
Survey Prof, Paper 31.)
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occurs at the base of the formation. As a rule, how-
ever, the formation becomes less cherty from the base
upward. It is usually even-bedded, occurring in lay-
ers from a few inches thick +to thin laminae. In
places, especially in the northeast side of the uplift,
the formation 1is composed almost entirely of thin,
fissile, siliceous and distinetly bituminous black
shale. #****A% various positions in the section, espe-
cilally in +the more cherty beds, are small, rounded,
marble-like concretions of a calcareous nature. In
places there are large segregations of a similar char-
acter, concentrically banded, which occur intersecting
several layers of cherty shale.”

According to Reeds_g/, "The small round nodules
in the black to gray Woodford shale and chert contain
phosphate. **¥***x*Qwing to the sporadic occurrence of
these nodules, it is believed, however, that the
amount of phosphate present is very small."

Shead 3/ states: "The writer has found -such
material (phosphate nodules) concentrated in about
six or eight inches of greenish-yellow clay at the
contact between the Sycamore limestone and the under-
lying Woodford chert where the phosphate is of maximum
_ purity and may be most easily obtained. Similar ma-
terial occurs immediabely under the Welden limestone
southeast of Ada, Oklahoma. At this location, speci-
fically in the As Te & S. Fu R.Re cut slightly east of
the center of sec. 27, T, 3 N., R. 6 E., are to be
found very thin, 1light grzy phosphatic layers inter-
calated among the laminated shales below the Welden."

The writer has recently made some study of the

2/ Reeds, Chester A.; "A Report on the Geological and
lineral Resources of the Arbuckle Mountains of Qkla-
homa": Okla. Geol. Survey Bull. Mo. 3, p. 60, 1910.

3/ Shead, A. C., Associate Professor of Chemistry,
University of Oklahoma: (Wo. 2, Oklahoma Chemical
Survey Series, Chemistry Dept., University of Okla-
homa, unpublished).
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phosphate in the Woodford formation but the work is
by no means complete. Phosphate occurs at several
horizons wherever the Voodford is cxposced, but the
only one so far investigated in any detail 1is that
described in the quotation from Shead. The greater
part of the work has been done on the Lawrence Up-
1ift southeast of Ada in Tps. 2 and 3 N., R. 6 E.
Only cursory examination has been made of other lo-
calities which are in general, less suitable for win-
ning the phosrhate on account of their more cherty
character and the steep dip of the Dbeds, which in
places is vertical.

On the Lawrence Uplift +the beds dip rather gen-
tly to the northeast forming several dip slopes which
could be stripped vo advantage. Judging from several
exposures along roads, there is generally a band of
residual phosphatic material a foot thick and about
sixty feet wide around the westhered edge of the Vel-
den limestone. This residual material is composed of
the nodules and thin plates or beds described below,
and is to be found about a foot below the surface.

The followins section 1is relatively uniform
across the Lawrence Uplift:
Feet

(1) Weldern limestone, weathers to a bright
yellow, contains a few crinoid stens,
non-phosphatic. ThiclncsSsccecoescvasess 1=

H>

(2) Light-colored shale with a band of flat,
light-colored, HOSPIIATIC nodules near
the middle, and a hard, light-colored,
granuler PHOSPIATIC bed % to 2 inches
thick, at the bottom. Thicknessssecsces 140

(3) Black fissile shale with spherical to
flat PHOSPHATIC nodules, somewhat light-
er colored than the shale, and thin lam-
inas or beds of granular PIOSPHATIC ma-
terial, also somewhat lighter colored
than the shale. Thickness... 2.0 to 3.0
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Feet

(4) Black shale bedded in lavers = to %
inch thick in which +the PHOSPHATE
seems to be disseminated, or possibly

in the form of microscopic nodules,

contains about 8,0% P505. Thicknesse.cos 2.0

The percentage of phosphate decreases downward
abruptly to a fraction of one percent. This section
is shown graphically at three locations, with analy-
ses, in figure 1. '

There are three possibilities for developing the
phosphate on the Lawrence Uplift.

First, the band of residual plates and nodules
around the outcrop of the VWielden limestone could be
readily scooped up and cleaned by screening and wash-
ing. The resulting materiel would be relatively high
grade, swuitable for grinding for use as rock phos-
phate or even for the manufacture of super-phosphate.
The supply, however, is rather limited and would soon
be exhausted. From such scanty data as are at hand
the writer estimates that the ultimate recovery would
be between 1,500 and 3,000 long tons, averasging more
than 20% P20s.

. Second, it may prove feasible to concentrate the
plates and nodules from the bedded material to male a
product similar to that above.

Third, the bedded material 4 to & feet thick be-
low’ the ¥elden limestone could be mined and ground to
make a low grade rock phosphate containing 7 to 8%
P90Og which might be suitable for local use.

CCGHCLUSIONS

While no large deposit of phosphate suitable for
commercial expnloitation has been found in Oklahoma,
some matericl has besn fourd that may prove to he val-
uable. The nodules in the black shales of Northeast
Qklahoma might be separated by local labor and used
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with the sulphuric acid available from the smelters
of that section to make acid phosphat~s for local uss.
The basal bed of the Hogshooter limestone may prove
to be useful as a combined rock phosphate and agri-
cultural limestone and, 1if so, should be of decided
value to the communities in which it is suitably sit-
uated for mining. The bed of phosphatic shale, 5
feet or more in thickness, which lies in the *top of
the Woodford formation and crops out on the northeast
flank of the Arbuckle Mountains, may be useful as a
low grede rock phosphate and, if so, could be prepar-
ed by local enterprise for use in that section of the
state. It also may be possible to develop a process
for concentrating the phosphate from this bed, there-
by reducing bulkx and transportation costs and making
it available over a wider area, or even for the manu-
facture of superphosphate. '

Information on deposits of low grade phosphate
(less than 0.5%) from many areas not listed here is
on file at the Geological Survey. Other deposits
show much higher concentrations, but are too little
known, too smell in volume, or appear to be otherwilse
gconomically unmineable and are therefore not consid-
ered in this reporte These are located in Adair,
Carter, Cherokee, Cotton, Craig, Delaware, Haskell,
Jackson, ILeFlore, MeIntosh, Murraw, Nowata, Osage,
Pontotoc, and Washington councies.

The combined area of known phosphate occurrences
aggregate a very small percentage of the total area
of Oklahoma, so that actually, little is known about
the possibilities. Inough leads have been found to
show that accumulations of phosphate are widespread
and it is possible that other deposits, suitable at
least for local use, may be discovered.



COLUZZLR SECTIONS WITH ANALYSES

Sec. 27-3N-6E

4 ft.
-

.................

Feet

Woodford shale

Woodford Formation
Pontotoc County
~ Area No. 5

Sec. 35-3N-6E

4.51

Pig., 1

] b

Sec. 2-2N=-6I
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PLHOSPIATE ANALYSES
BY COUNTIES

The table on the following pages was compiled
from analyses made in the chemical Ilaboratory of the
Oklahoma Geological Survey. Analyses showing less
than 0.5% Pp0g are omitted, as well as others much
higher in Po0Og, if the deposits are too little known,
too small in volume, or appesr to be otherwise eco-
nomically unmineable, and therefore are not consider-
ed in this report. Data on these latter are in the
files of the Cirlahoma Geologilcal Survey, at Norman,
and may be consulted by anyone interested.
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