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Figure 2. Areal map showing thickness ond purity of chemically analyzed
gypsum in fhe Weatherford—Clinton district.
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Table I. Summary of thickness and character of chemically analyzed gyp-
sum in the Weatherford-Clinton district.

Overburden Gypsum

; i Gypsum i
T W oo e
3 5 46.9 91.07 1.01
4 0 38.4 91.92 1.68
8 0 48.0 90.23 1.37
9 S 45.6 92.89 0.46
10 14 24.7 89.36 2.21
12 0 57.8 91.62 1.55
14 0 36.5 92.15 0.70
15 0 35.3 92.11 1.88
17 10 30.2 90.23 1.03
18 5 290.6 86.13 2.52
19 18 27.0 88.74 2.08
22 16 71.0 92.32 1.11
24 0 56.3 91.34 1.77
26 12 32.0 89.03 1.26
27 0 32.0 93.34. 0.63
28 3 44.5 93.36 1.05
29 18 62.2 91.62 1.24
Total thickness
analyzed_____ 718.0
Weighted
average
composition of
e 9128  1.38

Carbonates
CaCO,

Mg CO,
0.22
5.65
7.12
4.51
6.39
6.03
4.66
4.70
5.60
5.26
6.83
4.14
4.53

7.56
3.24

4.04
5.67

5.34

Silica
Si0,
1.48
0.75
1.19
1.69
1.98
0.90
2.42
0.59
1.91
4.62
2.21
1.77
1.53

1.76
1.43

1.06
0.84

1.55

Total

100.38
100.00
99.91
99.55
99.94
100.10
99.93
99.28
98.77
98.53
99.86
99.34
99.17

99.61
98.64

99.51
99.37

99.55

Summary of all analyzed samples containing more than 94 percent gypsum

Well Depth,

number feet
15 0-15
28 18-35

4 15-34.8

29 55.1-64.7

29 65.8-81.3
27 15-32

24 33.7-56.3

Thickness,

feet

15
17
19.8
9.6
15.5
17
32.6
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Laboratory
number

10238
10283
10231
10228
10229
10276
10250

Percent
gypsum

97.04
96.34
94.65
94.03
94.60
94.38
94.19
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north of Weatherford, chiefly in secs. 1, 2, 3, and 4, T. 12 N,, R. 15 W.,
parts of secs. 35 and 36, T. 13 N., R. 15W., and in the southwestern part
of sec. 31, T. 13 N., R. 14 W. In this northern area the gypsum is excep-
tionally thick, locally as much as 71 feet.

In a much larger area the gypsum has a purity of 90 to 92 percent.
It is distributed mostly along the western edge of gypsum outerop, but in
the east-central part of T. 12 N., R. 15 W. it curves around and encloses
an area containing gypsum of approximately 88 percent purity. A second

locality of low-purity gypsum is centered around hole number 26, at the
northern edge of the map area.

Reserves. The principal basis for estimating gypsum reserves of
the Cloud Chief formation in the Weatherford-Clinton district consists
of 9 east-west geologic profiles or sections drawn through the exploratory
drill holes along section line roads one mile apart (Plate II). These profiles
cover the area from the southern edge of the district to the northern limit
of gypsum outcrop.

Elevations of drill holes and significant points of topography were
obtained by use of carefully controlled altimeter surveys, based mainly on
bench marks established by the U. S. Geological Survey. Geologic contacts,
outcrops of gypsum, and observations on character and probable thickness
of overburden were noted and recorded for construction of the profiles.

The essential information measured from these profiles is summarized
in Table 2, which shows that the weighted average thickness of workable
gypsum from all the geologic profiles is 36.17 feet, and that the weighted
average thickness of overburden on the workable gypsum is 7.03 feet.
These figures may be taken as the average for the entire mapped distriet,
and have been used in arriving at the final estimate of reserves. No gyp-
sum has been considered workable if it is overlain by more than 25 feet of
overburden, but it is realizad that overburden of this magnitude can be
economically moved under special circumstances.

Table 2. Summary of gypsum and overburden thicknesses obtained from
the geologic profiles (Plate II).

Weighted average thickness,

Geologic feet Length of profile,
profile Workable gypsum Overburden feet
A-AY 40.1 N 26,000
B-B’ 32.9 4.7 21,000
c.c 37.6 6.3 20,600
D.D»’ 35.5 7.0 25,900
E-E 324 7.2 20,600
F.F 29.5 6.8 4,400
G-G’ 45.6 10.4. 17,000
H-H’ 32.0 7.2 14,000
1.l 28.0 9.3 4,900
Weighted 154,400

‘f‘;’:’t&hie 36.17 7.03
9 profiles
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The conservative unit of 125 pounds per cubic foot has been used
for the weight of gypsum in the ground, allowing for crevices, other small
cavities, adsorbed water, and wastage in quarrying. This unit yields a figure
of 2,500 short tons of gypsum per acre-foot or 1.5 million tons of gypsum
per mile-foot.

The probable area of workable gypsum shown on Plate I is approxi-
mately 24 square miles. Using the weighted average thickness as 36 feet,
the reserve of workable gypsum in the Weatherford-Clinton district is cal-
culated to be 1,296,000,000 or approximately 1.3 billion short tons.

Inexpensive open-pit quarying methods can be used for working the
gypsum. After removal of the thin soil overburden, the deposits would
be workable either in benches or as a single high face, At many localities
quarries could be opened on the sides of hills, so that natural drainage
could be maintained as the face is driven forward. This type of quarrying
is one of the cheapest forms of mining.

ANHYDRITE

Anhydrite underlies the gypsum of the Cloud Chief formation in a
broad belt trending northward through the central part of the Weather-
ford-Clinton district. At no place within the district does it crop out, but
10 feet or more of anhydrite was drilled in 10 holes; and from the geologic
profiles of Plate II it is estimated that anhydrite covers a subsurface area
of approximately 10 square miles. It occurs beneath the gypsum at depths
ranging from 33 to 68 feet and averaging 44.4 feet. In thickness it ranges
from 11 to 39.5 feet a,d averages 21.8 feet (Table 3). Anhydrite thickness
varies inversely with gypsum thickness, the evaporite boly as a whole
remaining constant.

The anhydrite, like the gypsum above it, is not of exceptionally high
purity. Its weighted average composition is 87.25 percent theoretical anhy-
drite. Carbonate minerals, chiefly dolomite and magnesite, average 7.17
percent and thus contribute most of the mineral impurities. Silica averages
1.05 percent and gypsum averages 4.30 percent. Both gypsum and the
carhonate minerals occur as disseminated grains and granular clusters,
and as veinlets cutting the rock. Where anhydrite is present it normally
is at the base of the Cloud Chief evaporite body, and to the writers it
appears clear that all or nearly all of the gypsum in the district has been
derived from anhydrite by hydration under favorable conditions of surface
weathering.

Doubtless the anhydrite has been recrystallized, probably during
diagenesis, for the characteristic texture is medium crystalline or coarse
crystalline. The rock is grayish purple, translucent, compact, tough, and
massive. It is both harder and tougher than gypsum, and it is instantly
recognized in subsurface when encountered by the driller.

Based on an assumed weight of 175 pounds per cubic foot or 2.4
million tons per mile-foot, and an average thickness of 21.8 feet over 10
square miles, the reserves of anhydrite in the Weatherford-Clinton district
are calculated to be 523 million short tons.

19


murr9641


Total
99.81
100.29
99.54
100.01
99.89
99.62
98.91
100.00
99.81
99.77

Silica

5i0,
0.62
0.89
0.91
1.14
0.56
1.36
1.51
1.14
1.25

0.56-1.51

1.05

Carbonates
CaCO, &
MgCO,
7.27
6.37
9.45
6.94
6.79
6.22
5.50
8.01
791
7.17

5.50-9.45

54
3.63

Principal constituents, weighted average

Gypsum
eSO, 2H,0
3.39
4.
3.44.
4.07
5.93
10.89
1.05
4.11
1.05-10.89
4.30

Anhydrite
CaSO,
88.49
85.55
88.49
88.47
86.11
81.01
89.80
86.54
87.25

88.53

81.01-89.80

feet®

14.1
11
19.3
22.5
36.1
13+
34
19.4
39.5
175

Anhydrite
13

thickness,
11-39.5
21.8

Depth to
anhydrite,
feet

51.9

49
40.7
33
36.5
35.3
68
34.6
56.3
33-68
44.4.

Well
number
10
13
14
15
16
17
18
19
24
Range
Average or
weighted
average for
the 11 holes

Table 3. Summary of potentially workable anhydrite in the Weatherford-Clinton district.

*Only holes penetrating 10 feet or more of anhydrite are included.

USES OF GYPSUM AND ANHYDRITE

Gypsum is one of the most widely used nonmetallic mineral com-
modities, and in 1957 slightly more than 13.3 million tons was produced
domestically and imported for consumption or processing in the United
States.! Of this total, 9.03 million tons was mined in the United States
and 4.3 million tons was imported. Domestic production was 10 percent
below that of 1956 and 11 percent below the record production of 10.7
million tons in 1955.

In Oklahoma gypsum is currently produced at three plants in central
and northern Blaine County and at one plant in Caddo County. The de-
posits in Blaine County are in the Blaine formation, whereas the deposits
worked near Cement in Caddo County are in gypsum of the Cloud Chief
formation. According to the State Department of Chief Mine Inspector?,
gypsum production in Oklahoma reached a record 468,269 tons in 1956.
Average value of crude gypsum produced in Oklahoma in 1956 was $2.93
per ton,® compared with a national average of $3.30 per ton.

About 77 percent of the total gypsum produced domestically and
imported in 1957 was calcined to make industrial and building plasters,
lath and wallboard, and special cements. Approximately three-fourths of
the remaining 23 percent was used as a retarder in the manufacture of
portland cement, and the rest was used as a soil conditioner or for fillers.
The principal uses of calcined gypsum are for the manufacture of wall-
board, lath, and sheathing, and for plate-glass, pottery, dental, industrial,
and base-coat plasters,

Chemical quality of commercial gypsum deposits ranges widely
throughout the world, and no strict specifications are available. Gypsum
with a purity of 99 percent or rmore is most desirable but is virtuallv unob-
tainable, as all deposits contain some mineral constituents other than
gypsum. For a soil conditioner, earthy gypsite containing no more than
70 percent gypsum is acceptable locally; gypsum board products may be
made from deposits containing only 80 percent gypsum; and portland
cement retarder has been used from deposits of 90 percent purity. In
general, however, deposits containing 90 percent or more gypsum are most
sought after, and deposits are considered to be of high purity if they
contain 95 or more percent gypsum.

1Larson, L. P., and Jensen, N. C., 1958, Gypsum and gypsum products, 1957, annual
summary: U. S. Bur. Mines, Quart. Gypsum Report no. 112, March 12, 1953, 4 p.

2Forty-ninth annual report of mines and mining in Oklahoma: Department of Chief
Mine Inspector, Oklahoma City, Okla., 1958, p. 18.

3Grandone, P., and Ham, W. E,, 1958. The mineral industries of Oklahoma in 1956
and 1957: Okla. Geological Survey, Mineral Report 34, p. 6.
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For anhydrite no specifications are available and there is no large
established market in the United States. In California it is used in small
tonnage for soil conditioner and for retarder in manufacturing portland
cement. Probably the greatest potential use of anhydrite is for chemical
raw material. In England it is heated with coke, clay, and siliceous material
to make sulfuric acid and portland cement clinker. This process is not used
at present in the United States, apparently because most of the sulfuric
acid made here utilizes native sulfur produced from salt domes in the Gulf
Coast region of Texas and Louisiana.

Under favorable economic conditions an integrated sulfuric acid-port-
land cement industry might be established in the Weatherford-Clinton dis-
trict. Shale for the silica-alumina additive for making portland cement
overlies the gypsum and would be available at low cost.

Another chemical for which anhydrite is used as raw material is
ammonium sulfate, a common fertilizer. In both England and Germany
ammonium sulfate is made by reacting ammonia and carbon dioxide with
an aqueous suspension of anhydrite. New methods of using anhydrite or
gypsum for producing (1) quicklime and hydrogen sulfide by reduction
with natural gas, and (2) for producing a fertilizer consisting of am-
monium sulfate and calcium carbonate, have been described by Burwell.!
His experiments were performed on gypsum from Oklahoma deposits.

The enormous volume of both gypsum and anhydrite in the Weather-
ford-Clinton district is available for manufacturing on the largest industrial
scale. The calculated gypsum reserve of 1.3 billion tons is almost exactly
equal to 100 years’ supply for the entire United States at the 1957 con-
sumption rate of 13.3 million tons. As this gypsum has an average purity
of 91.35 percent, it could be converted into 715 million tons of 95 percent
sulfuric acid. The 523 million tons of anhydrite is equivalent to 350 million
tons of acid, and thus in terms of chemical use the gypsum and anhydrite
together would make more than 1 billion tons of commercial sulfuric acid.

Gypsum is the primary commodity of value in the district at the pres-
ent time. Although the typical color of the gypsum is slightly pink, it is
doubtless suitable for the manufacture of wallboard, lath, and many indus-
trial plasters.

1Burwell, A. L., 1955. An investigation of industrial possibilities of Oklahoma gyp-
sum and snhydrite: Okla. Geol. Survey, Mineral Report 29, 21 p.
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Gyrpisyup:‘lhx:‘f;_l Combinations
CaSQy drite
2H20 CGSO4 CuC03M9C03

100.35 | 88.55
90.37

Total
100.62

0.02
0.02

HZO NaC!

18.52
18.91

COz
3.42
3.34

41.76

42,60

1.7t

1.71

0.08 32.09
0.03 32.5

0.10 31.82

15
.28

0.51
0.62 0.14 0.09 39.97

2,65 0.55 0.15 31.66

TABLE 4
WELL LOGS AND CHEMICAL ANALYSES

Profile A=A",

1.61
1.1 0
0.53 0

Well Numbers 3, 1, 9, and 14
Number SIO2 A|203 Fezoa CaO MgO 503

10286
10287
10288
10289
10290

Laboratory

1 average gypsum content, 91.07%.

P
9

, 46.9 feet;

Rock Description
Summary: gypsum mostly dissalved at o collapsed sink.

Nodules of probertite occur at 47.9-50.0 feet,
Summary: gypsum thick

Anhydrite, medium gray to dusky red, coarse - crystalline.

Red shale.

Core not recovered,

Elevation 1617 feet.
Soil containing quartzite pebbles.

talline selenite.
Mottled alabaster and medium - granular gypsum, grayish-pink.

gypsum.

SE cor. sec. 32, T. 12 N., R. 15 W. Elevation 1635 feet,

On road 0.35 mile east of SW cor. sec. 31, T. 12 N., R. 15W.
Alabaster gypsum, pale red, containing patches of medivm — crys-
Alabaster to 47.7, then grayish-pink fine - and medium ~ granular

Dark=~colored soil and alluvium, evidently a filled sink.

Gypsum, pale red, medium - granular.
Gypsum and red sandstone.

Clay shale, reddish-brown.

Type of
Sample

Well Number 3.
Cuttings

Core

Well Number .
Cuttings

Depth,

feet
5-16
16-22.7
22.7-43.9
43.9-51.9
51,9-66.0
66.0-67.51.D.
38-39
39-57 1.D.

0-5
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