














































































































































































































































































































102 GEOLOGY OF WASHINGTON COUNTY

in and west of the town indicate its westward extension. The axis
probably merges with the Dewey faulted flexure farther west.

Rice Creek syncline. Strata dip southward from the Bartles-
ville anticline into the Rice Creek syncline. An exposure of Dewey
limestone along the south bank of a small tributary % mile south
of Rice Creek along U. S. highway 75, near the EY4 cor. sec. 31,
T. 26 N., R. 13 E., probably marks the bottom of the syncline.

Anticline in secs. 5 and 6, T. 25 N., R. 13 E. An outcrop of .
Dewey limestone in secs. 5 and 6, T.25 N, R. 13 E.is at least 60 feet
higher than the Dewey in the bottom of the Rice Creek synclire.
Southwest dips into secs. 7 and 8§, indicate that there is an anti-
clinal fold, or possibly a fault, between the Rice Creek syncline
and the Caney River syncline.

A syncline in secs. 5 and 6, T. 25 N., R. 14 E., noted in recon-
naissance, may be connected with the Rice Creek syncline.

An anticline through secs. 2,11, 12 and 13, T. 25 N, R. 13 E,,
may be an extension of the one in secs. 5 and 6 of the same town-
ship. '

Caney River syncline. Structural reconnaissance in T. 25 N,
Rs. 12, 13, and 14 E. indicates that Caney River follows the axis
of a syncline which diverts its course from the west side of the
county to the east side, and work by Hopkins'® indicates that the
same syncline probably extends into Osage County with consider-
able change in direction. Conspicuous evidence of this syncline may
be seen conveniently in exposures already mentioned, in secs. 5,
6,7, and 8, T. 25 N,, R. 13 E,, along U. S. highway 75, where the
Dewey limestone dips southwestward into the syncline.

The Ochelata anticline is an anticlinal nose immediately south
of the Caney River syncline, and their axes are closely related in
direction and curvature. The Ochelata anticline is extended into
Osage County on the basis of work done by Hopkins.

Ramona syncline. The presence of a syncline southwest of Ra-
mona is indicated by the flatness of dip on the Dewey limestone,
between the center of sec. 4, T. 23 N, R. 13 E., and the NW cor.

136. White, David, and others, Op. cit., p. 81.
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sec. 6, of the same township, and approximately 30 feet of north
dip along west line of sec. 31, T. 24 N, R. 13 E. The axis is ex-
tended northwestward into Osage County on the basis of Hop-
kin’s map.

The Birch Creek Dome is a conspicuous structural feature
mapped by Hopkins. It lies in secs. 29, 30, 31, and 32, T. 24 N,
R. 11 E. on the road south from Barnsdall. Many structural fea-
tures have been mapped by geologists of the United States Geolo-
gical Survey," working in Osage County, which are not shown
in Fig. 10 because they are outside Washington County and were
not checked in the field.

137. Idem.
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ECONOMIC GEOLOGY
OIL. AND GAS RESOURCES
INTRODUCTION

Public records probably contain less information about ol
conditions in Washington and adjoining counties than any other
producing area in the state. With the passing of the men who
made oil history in the area, and with the present rate of abandon-
ment of wells, it will be impossible to know, within a few years,
which tracts of land have produced.

The following discussion is given for the purpose of preserving
and making more available to the public something of what is
known about conditions in the area. The writer has drawn freely
from Bulletin 19, part 2, and Bulletins 40-Q and 40-V of the Okla-
homa Geological Survey. In addition, an article by Weirich'® has
been helpful. Bulletin 19, part 2, is now out of print and the article
by Weirich has had limited circulation.

History of development.

Owing to its proximity to producing fields in Kansas,
Washington County received early development. In 1894
the Cudahy Oil Company leased 200,000 acres in the vieinity
of Bartlesville. The first operations were carried on in this
area. Development was retarded up to 1904 on account of
the necessary approval of allottees’ leases by the Department
of the Interior. During 1904 development became very
active in the vicinity of Dewey and Bartlesville. ***In 1905
development continued in the Bartlesville-Dewey pool and
a new pool was opened northwest of Dewey. In 1906, be-
sides the development in the above pools, a remarkable pool
was opened a little south of Dewey. Rapid development fol-
lowed. Some of the wells had an initial production of
1,000 barrels. During 1907 a good field was developed
along Hogshooter Creek, about 15 miles southeast ¢f Bartles-
ville. Some of the large wells had a daily initial production
of 500 barrels, and gas wells produeed 5 to 15 million cubic
feet per day. During the next few years no remarkable

138. Weirich, T. E., “Petreleum Geology of Nowata and Washington Counties, Okla-
homa”: Guide Book, Eleventh Annual Field Conference, Kansas Geol. Society, pp.
8592, 1937,
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pool was opened. In 1911 production in the Hogshooter
pool increased. From 1906 production in the county began
to decline and has continued to do s0.13¢

The period of exploration began to wane in 1915, and since
that time the history of oil development in Washington County
has been one of slowly declining wells, and their abandonment,
with a minor amount of new drilling.

The decline in production is so slow as to be almost imper-
ceptible. Fluctuations in annual production are more responsive
to price and market conditions than to the decline in capacity to
produce, and Washington County promises to be an important
factor in Oklahoma’s oil production for many years. Pipe line
runs during recent years are given in the following table:

TABLE IX
Pipe Line Runs FrRoM WasHINGTON CouUnty, 1933-1938140
Year Barrels
1933 1,290,893
1934 1,308,995
19356 1,275,437
1936 1,252,693
1937 1,305,094
1938 1,256,903

Present conditions. Some of the larger companies have sold
properties to smaller organizations or to individual operators. In
recent years some pumpers have acquired leases which they for-
merly operated for the companies. Many leases produce only 1
to 5 barrels of oil per day per well and wells are still producing
which make less than 1 barrel per day. In operating such a prop-
erty the individual has an advantage because of ‘the absence of
overhead expense, and if he is ingenious, industrious, and prudent
in the management of the wells, he may find it quite profitable
in a small way.

Most of the wells are 1,200 feet deep or less. The typical lease
is equipped with a central gas-engine-driven “power” which oper-
ates the pumps mechanically through rod lines and pump jacks.
Being entirely mechanical and extremely simple, such an instal-
lation requires little supervision.

138. Shannon, C. W., and others, “Petroleum and Natural Gas in Oklahoma”: Okla.
Geol. Survey Bull. 19, pt, 2, p. 508, 1917,
140 ¥ear Book, National Otl Scouts Association of America, p. 209, 1939.
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The greatest operating difficulty seems to be the entrance of
water, from above the Bartlesville sand through holes in the casing
occasioned by the corrosive action of the water at certain horizons.
The usual remedy is to pump the wells sufficiently to keep the
water from accumulating to such an extent that it interferes seri-
ously with drainage of oil to the well. When the amount of water
that must be pumped and disposed of becomes too burdensome,
it is necessary to shut off the water or abandon the well. Often,
if the casing can be pulled successfully, only a few lengths need
be replaced to recondition the string and shut off the water. Be-
cause an unsuccessful attempt to pull the casing may cause the
loss of the well, it is safer, though it may be more expensive, to
run a smaller string inside the existing casing. Shutting off the
water and cleaning out frequently returns a well to profitable pro-
duction. Although the Bartlesville sand is generally thought to be
free from water, many pumpers say that it contains water locally
in the lower part, but that this water does not tend to rise in the
wells.

Since gas pressure is almost exhausted the principal force tend-
ing to bring oil to the well is gravity which operates so slowly that
the decline rate is low. If a lease can be reconditioned without
undue expense the operator can be reasonably sure of a long period
of production. The principal speculative elements seem to be
operating costs and markets.

Future possibilities. Writing of Washington and Nowata Coun-
ties, Weirich says: “Certain sands have been extensively cored in
recent years. Analyses of these cores indicate that 10,000 to 25,000
barrels of oil per acre still remain in the sand. That is, only 10
to 30%, of the original content, or an average of 2,000 barrels per
acre has been removed, an average of 11,000 barrels per acre re-
maining.”*** He also states that the oil from the Bartlesville sand
is consistently 33" to 34" Baume gravity. Such a large reservoir
of high grade oil will long continue to challenge the ingenious
operator to devise means of increasing recovery, and any consider-
able increase in demand for oil will result in increased activity.

141. Weirich, T. E., Op. cit., p. 90, 1937.
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Already attempts have been made to revive production. The
earliest method to receive much attention was application of vacu-
um to the wells which resulted in production of considerable
casinghead gas, from which gasoline was extracted profitably for
a time, while the supply of gas was large and the price of natural
gasoline high. Relatively few properties now use vacuum and
most of the gasoline plants have been abandoned.

Repressuring with gas, or gas and air, was used extensively for
a time. It resulted in increased oil recovery and some natural gaso-
line. Not enough natural gas was available for repressuring and
In most instances a mixture of gas and air was used. Because of
the explosive nature of this mixture, the practice was dangerous,
and in some instances costly. Like the use of vacuum this method
1s now on the wane. |

Water flooding is used extensively at present in Nowata Coun-
ty, and its use is spreading into Washington County. Water, frec
from suspended matter and incapable of forming a precipitate, or
otherwise clogging the sand, is admitted through certain selected
wells. In some instances the pressure due to gravity suffices, but
this is usually augmented by pump pressure. As the water invades
the sand it forces part of the oil ahead by displacement. When the
wave of displaced oil reaches other wells, it increases their produc-
tion materially for a time. In systematic attempts at water-flooding
in Washington and Nowata Counties, the water is usually secured
from surface sources and treated to produce the necessary charac-
teristics. A more haphazard method is to admit water from a
higher horizon by perforating casing and relying on gravity alone
to force the water through the oil sand. Indeed, accidental drives
are sometimes occasioned by defective casing. Such drives may
be ineffective because of insufficient pressure or clogging the oil
sand by precipitates due to chemical reaction between mixed
waters from different horizons. Water-flooding does not recover
all the oil in the sand. Owing to differences in permeability between
different parts of the sand, the water advances more rapidly in
some portions than in others and much of the oil in the least per-
meable zones is surrounded or trapped by water.

No method of producing through wells is known which will
extract all of the oil from the sand, and since the sands of Wash-
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ington County and adjacent Nowata County are relatively shallow
they may be mined for the residual oil, when easily obtained sup-
plies in the nation are no longer adequate to meet the needs. In
France similar shallow sands are being mined.

CORRELATION AND DESCRIPTION OF OIL AND GAS SANDS 2

Commercial quantities of oil and gas have been produced from
seven horizons in Washington County. They are discussed below
in descending order.

Layton sand. The Dodds Creek or upper sandstone zone of the
Coffeyville formation, correlated with the Layton sand of Pawnee
County by Weirich, is productive in sec. 29, T. 27 N,, R. 13 E.

The Wayside sand, in the Nowata shale, is second in impor-
tance to the Bartlesville sand in Washington County.

The following analysis of oil from the Wayside Sand was
supplied by the United States Bureau of Mines.

ANALYSIS OF OIL FROM WAYSIDE SAND
(U. S. Bureau of Mines)

Location: T. 27 N,, R. 14 E. Depth: 470-490 feet
GENERAL CHARACTERISTICS

Specific gravity, 0.875 A, P. 1. gravity, 30.2

Sulfur, percent, 0.36 Color, brownish black

Saybolt Universal viscosity at 77° F., 120 sec., at 100° F., 80 sec,

Distonration, Bureau or Mines HemrerL METHOD
Distillation at atmospheric pressure, 745 mm First drop 43°C. (109°F.)

Fraction Cut at Per- Sum Sp. Gr. °AP.I C. I 8. U, Cloud
No. °C. °F. cent per-  60/60°F, 60°F, vise. test
cent 100°F.
1 50 122
2 75 167 11 1.1 0.664 81.6
3 100 212 2.7 33 711 67.5 17
4 125 257 4.6 84 137 60.5 20
5 150. 302 3.9 12.3 754 56.2 21
6 175 347 4.0 16.3 773 51.6 23
7 200 392 4.3 20.6 791 474 25
8 225 437 4.3 24.9 808 - 43.6 28
9 250 482 3.1 30.0 823 40.4 30

10 25 5% 64 364 837 376 32
Distillation continued at 40 mm

11 200 392 3.9 40.3 0.856 33.8 37 42 Below 5
12 225 437 6.0 46.3 863 32.5 36 48 20
13 250 482 5.7 52.0 877 29.9 39 62 40

14 215 521 5.1 57.1 388 219 41 97 55
15 300 572 6.2 63.3 .896 26.4 42 180 75

Residuum 36.5 99.8 964 15.3

Carbon residue of residuum 13.6 percent; carbon residue of crude 5.0 percent.

142. Drawn largely from Weirich, T. E., Op. cit.



110 GEOLOGY OF WASHINGTON COUNTY

APPROXIMATE SUMMARY

Percent Sp. Gr. ‘AP.L Viscosity
Light gasoline 3.8 0.697 715
Total gasoline and naphtha 20.6 0.751 56.9
Kerosene -distillate 9.4 .816 41.9
Gas o0il 14.2 .849 35.2
Nonviscous lubricating distillate 10.6 .865- .888 32,1-27.9 50-100
Medium lubricating distillate 6.8 .888- .898 27.9-26.1 100-200
Viscous lubricating distillate 1.7 .898- .900 26.1-25.7 Above 200
Residuum 36.5 964 15.3
Distillation loss 0.2

Nov. 1, 1938.

The Peru sand, in the Labette shale, produces at several places
in Tps. 26 and 27 N,, R. 13 E,, and in secs. 17 and 18, T. 26 N,,
R. 14 E.

“The Oswego lime” (Ft. Scott limestone) produces oil in sec.
31, T. 29 N,, R. 13 E. and in the northwest corner of T. 28 N., R.
13 E.

The Squirrel (Prue) sand at the top of the Cherokee shale,
has produced in a few places in the northern part of the county.
Weirich lists secs. 8 and 17, T. 28 N., R. 14 E.; secs. 6 and 29, T.
28 N,, R. 13 E.; and sec. 31, T. 29 N, R. 13 E.

The following analysis of oil from the Squirrel Sand was
supplied by the United States Bureau of Mines.

ANALYSIS OF OIL FROM SQUIRREL SAND
(U. 8. Bureau of Mines)

Location: T. 26 N,, R. 14 E, Depth 890-920 feet
GENERAL CHARACTERISTICS

Specific gravity, 0.901 AP.I. gravity, 25.6

Sulfur, percent, 0.43 Color, greenish black

Saybolt Universal viscosity at 100°F., 220 sec., at 130°F., 115 sec.

DistiLraTioN, Bureau oF Mines HempeL MEerHOD
Distillation at atmospheric pressure, 741 mm  First drop 108°C. (226°F.)

Fractlon Cut at Per- Sum Sp. Gr. °AP.L C. L S. U. Cloud
No. °C. °F, cent per- 60/60°F, 60°F. visc. test
cent 100°F. °F.
1 50 122
2 75 167
3 100 212
4 125 257
5 150 302
6 175 347 2.2 2.2 0.798 458
7 200 302 1.9 4.1 821 40.9 40
8 225 437 2.9 7.0 833 38.4 40
9 250 482 38 10.8 844 36.2 40
10 275 527 6.7 17.5 849 35.2 - 37
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Distillation continued at 40 mm

Fraction Cut at Per- Sum
No. °C. °F. cent per-
cent,

11 200 392 2.0 22.5

12 225 437 9.2 31.7

13 250 482 73 39.0

14 275 527 7.0 46.0

15 300 572 8.4 54.4
Residum 453 99.7

Carbon residue of residuum 8.5 percent; carbon residue of crude 3.9 percent.

APPROXIMATE SUMMARY

Percent
Light gasoline
Total gasoline and naphtha 41
Kerosene distillate —
Gas oil 24.2

Nonviscous lubricating distillate 14.8

Medium lubricating distillate 10,2
Viscous lubricating distillate 11
Residuum 45.3
Distillation loss 0.3

111
Sp. Gr. °API, 5. U. Cloud
60/60°F. 60°F.  C. I visc. tost
100°F.  °F.
0.860 33.0 38 42 5
862 32.7 36 48 25
873 30.6 37 62 45
884 28.6 40 95 60
.895 26.6 42 170 80
946 181
Sp. Gr. "AP.I, Viscosity
0.809 43.4
.852 34.6 :
.863- .885 32.5-28.4 50-100
.386- .899 28,4-25.9 100-200
.89%- .901 25.9-26.6 Above 200
946 18.1

The Bartlesville sand, in the lower Cherokee shale, is the most
important producing sand of Washington County. It is a lenti-
cular sand .and is not present everywhere. Its lenticular nature
fulfills all the requirements for a closed reservoir and in conse-
quence it has produced wherever found in the county. Weirich
says that there is a small area in Nowata County where it is present

but does not produce.

The following analysis of oil from the Bartlesville sand was
supplied by the United States Bureau of Mines.

ANALYSIS OF OIL FROM BARTLESVILLE SAND
(U. S. Bureazu of Mines)

Location: T. 26 N., R. 14 E.

GENERAL CHARACTERISTICS

Specific gravity, 0.853
Sulfur, percent, 0.24

Depth: 1,340-1,360 feet.

A.PI1 gravity, 344
Color, greenigh black
Saybolt Universal viscosity at 77° F., 62 sec., at 100° F.,, 52 sec.
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DisTiLLATION, BUREAD oF Mings HeEmrEr, METHOD.

Distillation at atmospheric pressure, 740 mm

Fraction Cut at

No. °C. °F.
1 S 122

2 75 16
3 100 212
4 125 257
5 150 302
6 175 347
7 200 392
8 225 437
9 250 482
10 275 527

11 200 392

12 225 437

13 250 482

14 275 527

15 300 572
Residuum

Per-
cent

19

- 4.3

5.5
8.7
5.2
59
6.2
6.7

Sum
per-
cent

1.9
6.2

46.4
53.2
58.9
64.5
70.5

99.4.

Sp. Gr.  °AP.L
60/60°F.  60°F.
0.690 73.6
132 61.8
50 - 57.2
769 525
.788 48.1
804 445
819 41.3
831 38.8
0.849 35.2
858 33.4
870 311
881 29,1
891 213
938 194

First drop 46°C. (115°F.)

Carbon residue of residuum 5.9 percent; carbon residue of crude 1.7 percent

Light gasoline

Total gasoline and naphtha

Kerosene distillate
Gas oil

Nonviscous lubricating distillate
Medium lubricating distillate
Viscous lubricating distillate

Residuum
Distillation loss

APPROXIMATE SUMMARY

Percent

Sp. Gr.
0.690
0.755

812
.844
.861- ,882
.382- 896

.938

C. L 8. U. Cloud
visc. test
106°F. °F

18

19

21

24

26

28

29

33 41 5

34 47 25

36 61 45

38 1 60

40 160 80

“API Viscosity
73.6
55.9
42.8
36.2
32.8-28.9 50-100
28.9-26.4 100-200
— Above 200
19.4

The Burgess (Hogshooter) sand, at the base of the Cherokee,
is lenticular, occurring in patches resting on the “Mississippi lime”.
It is almost wholly 2 gas sand, being the most important single
gas producing sand of the district. The large gas production for-
merly enjoyed by Washington and adjoining counties was the
deciding factor in the establishment of such manufacturing enter-
prises as the cement plant at Dewey, the smelter at Bartlesville,
and the smelter and brick plant at Collinsville, Tulsa County.

The following analyses of oil from the Burgess sand were
supplied by the United States Bureau of Mines.
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ANALYSIS OF OIL FROM BURGESS SAND
(U. 8. Bureau of Mines)

Loecation: Ts. 24 and 25 N, R. 13 E. Depth: 700-1550 feet.
GENERAL CHARACTERISTICS

Specific gravity, 0.893 A.P.I. gravity, 27.0

Sulfur, percent, 0,31 Color, greenish black

Saybolt Universal viscosity at 100°F., 140 sec., at 130°F., 83 sec.

DistiLLaTioN, Bureau or MINes HempeL MeTHOD

Distillation at atmospheric pressure, 749 mm First drop 70°C. (158°F.)
Fraction Cut at Per- Sum Sp. Gr. °A.P.1. C.I. 8 U Cloul
Neo. °C. °F. cent per- 60/60°F. GO°F. vise. test
cent 100°F. °F.
1 50 122
2 75 167
3 100 212 1.6 1.6) 0.744 58.7
4 125 257 1.2 2.8)
5 150 302 0.2 3.0 7165 5335
6 175 347 22 5.2 793 46,9 32
1 200 392 2.6 7.8 813 42.6 36
8 225 437 3.1 10.9 829 39.2 38
9 250 432 4.7 15.6 838 374 37

10 215 527 7.3 22.9 .848 35.4 37

Distillation continued at 40 mm

11 200 392 4.4 27.3 0.862 327 39 43 Below 5

12 225 437 8.4 35.7 870 31.1 39 49 10

13 250 482 7.8 43.5 880 293 41 66 80

14 275 527 6.6 50.1 891 273 43 105 50

15 300 572 8.2 58.3 .899 25.9 44, 200 - 65
Residuum 40.6 08.9 944 18.4

Carbon residue of residuum 8.5 percent; carbon residue of crude 3.5 percent.

APPROXIMATE SUMMARY

Percent Sp. Gr, ‘API. Viscosity
Light gasoline 1.6 0.744 58.7
Total gasoline and naphtha 7.8 185 48.8
Kerosene distillate —_ — —
Gas oil ' 24.2 850 35.0
Nonviscous lubricating distillate 13.9 .871- .889 31.0-27.7 50-100
Medium lubricating distillate 8.3 .889- .899 27.7-25.9 100-200
Viscous lubricating distillate 41 .899- .903 25.9-25.2 Above 200
Residuum 40.6 904 18.4
Distillation loss 1.1
ANALYSIS OF OIL FROM THE BURGESS SAND

(U. S. Bureau of Mines)
Location: T. 26 N., R. 14 E. Depth: 1,380-1,405 feet.

GENERAL CHARACTERISTICS
Specific gravity, 0.906 AP.I. gravity, 24.9
Sulfur, percent, 0.36 Color, greenish black

Saybolt Universal viscosity at 100° F., 240 sec., at 130°F., 120 sec.
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DisTiLLaTioN, Bureau or Mines HempEL METHOD

Distillation at atmospheric pressure, 741 mm

Fraction Cut at Per- Sum
Np. °C. °F. cent per-
cent

1 50 122
2 75 167
3 100 212
4 125 257
S 150 302 1.1 :

6 175 347 1.1 2.2
7 200 392 14

8 225 437 25 6.1
482 3.7 9.8
10 215 527 6.6 16.4

Distillation continued at 40 mm

11 200 392 56 220
12 225 437 8.7 30.7
13 250 482 83 39.0
14 215 527 8.1 . 471
15 300 572 9.4 56.5

Residuum 43.2 99,7

©
3
=

Sp. Gr. °AP1,
60/60°F. 60°F.

914

57.4
52.5
48.8
41.3
372
34.4

3L0
29.3
21.0
24.9
23.3

17.8

C. L

21
23
83
37
39

44
44
47
49
51

First drop 115°C. (239°F.)

3. U. Cloud
vise, toat
100°F. °F.
44 Below 5
53 do.
75 10
130 25
270 45

Carbon residue- of residuum 7.4 percent; carbon residue of crude 3.2 percent.

APPROXIMATE SUMMARY
Sp. Gr.

Percent
Light gasoline v
Total gasoline and naphtha 3.6
Kerogene distillate 2.5
Gas oil 17.9

Nonviscous lubricating distillate 14.6
Medium lubricating distillate 8
Viscous Iubricating distillate 9
Residuum 43
Distillation loss 0

PRINCIPAL PRODUCING AREAS

0.769
.819
.858

.877- .899
.899- 909
.909- 919

948

*AP.I

52.5
41.3
33.4
29.9-2
25.9-2
24.2-2
17.8

5.9
4.2
2.5

Viscosity

50-100
100-200
Above 200

The names used in the following discussion of pools are those
designated by the Standing Committee on Oil Field Nomencla-
ture, Kansas-Oklahoma Division, Mid-Continent Oil and Gas

Association, as of July 1, 1938.

Caney Pool

Location. Secs. 30 and 31, T. 29 N,, R. 13 E.; all production in
T. 29 N,, R. 12 E,, extending into Osage County; secs. 5, 6, 7, and
8, T. 28 N., R. 13 E.; secs. 1 and 12, T. 28 N, R. 12 E. Discussion
applies only to that part of the pool which lies in Washington

Coun'ty.
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Surface stratigraphy. Torpedo sandstone and overlying shale;
Birch Creek lilnestone; Weston shale.

Structure. Occupies a broad westward plunging anticlinal nose,
see Figure 10.

Depth to sands. Wayside sand, found locally at 650 to 800
feet; “Oswego lime” (Ft. Scott limestone), 815 feet; Squirrel sand,
875 feet; Bartlesville sand 1,185 feet; “Mississippi lime” (Burgess
sand sometimes logged on top), 1,500 to 1,550 feet.

Development and production. The pool was opened in 1909.
According to well logs, drilling was active from 1917 to 1927 with
some activity as late as 1932. Initial production from the Bartles-
ville is reported to have been 10 to 100 barrels per day. According
to logs initial gas production from “Mississippi lime” or Burgess
sand was 1 to 5 million cubic feet per day.

Canary Pool

Location. Northwest portion of T. 29 N,, R. 14 E.; all produc-
tion in the east 2/3 of T. 29 N, R. 13 E.; secs. 1, 2, 3, 10, 11, 12,
Ni4 14, and N5 15, T. 28 N, R. 13 E.; all in Washington County.

Surface stratigraphy. Cottage Grove sandstone member of the
Chanute formation; Jola formation; Torpedo sandstone and over-
lying shale; Birch Creck limestone.

Structure. In general a westward-dipping monocline, locally
broad anticlinal and synclinal folds. There is a pronounced dome
in secs. 29 and 30, T. 29 N,, R. 14 E., where the most important
production is on the northwest flank, in the Bartlesville sand. This
relation of production to structure seems to be common in the
Bartlesville sand of northeast Oklahoma.

Depth to sands. Bartlesville sand, about 1,175 feet; Burgess
sand, about 1,450 feet.

Development and production. The pool was opened in 1907.
In the northeast part of the field the Bartlesville sand is about
50 feet thick, and produced gas from the upper part and oil from
the lower part. The west part of the pool produced principally
gas from the Burgess sand. The average initial gas production
from the earliest wells was about 31,500,000 cubic feet per day,
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and the average pressure 444 pounds per square inch. By 1911
the capacity of these wells was reduced to about 915,000 cubic
feet per day, and the pressure to about 18 pounds per square inch.

Copan Pool

Location. S sec. 14, SY sec. 15, and all production in the
S T. 28 N, R. 13 E.; secs. 25, 35, and 36, T. 28 N., R. 12 E.

Structure. Probably on the southwest flank of a broad low
anticline trending northwest.

Depth to sands. Wayside sand, 625 feet; Peru sand, about 800
feet; Squirrel sand, about 1,050 feet; Bartlesville sand, about 1,300
feet; Burgess sand, 1,450 to 1,500 feet. '

Development and production. The Copan field was opehed in
1907 and development was immediately active. The Bartlesville
sand produced oil and gas. The average initial production in 1909
was 54.4 barrels per day and was 33.7 barrels per day in 1910. The
average gradually declined from that time. These figures are from
U. S. Geological Survey, Mineral Resources, for 1910, and prob-
ably represent average of both the Copan and Canary pools.

~ The Burgess sand produced gas, principally on the east side
of the pool. The pressure was originally 450 to 530 pounds per
square inch but had been so depleted that during the fall of 1911
the pressure was not more than 25 pounds per square inch, mainly
because the sand was coarse and the drain rapid. Probably the
maximum capacity of the field was about 300 million cubic feet

per day. In 1914 its capacity was probably not more ‘than 50 to
75 million cubic feet per day.

Wann Pool
~ Location. All production in T. 28 N, R. 14 E.; extending east-
ward into Nowata County. The following discussion applies pri-
marily to that part of the pool in Washington County.

Surface stratigraphy. Nellie Bly formation; Dewey limestone;
Chanute formation; lola formation; Wann formation; and Torpedo
sandstone.

Structure. In general' a westward dipping monocline higher
than the Blue Mound syncline to the south.



OIL POOLS 117

Depth to sands. Wayside sand, 600 feet; Squirrel sand, 800 feet;
Bartlesville sand, 1,000 to 1,200 feet; Burgess sand, 1,200 to 1,400
feet. |

Development and production. The pool was opened in 1907
and its development paralleled that of the Copan pool. Here also
the Bartlesville sand was the oil producer and the Burgess sand
the gas producer.

Dewey Pool

Location. All production in W% T. 27 N.,, R. 14 E.; all pro-
duction in T. 27 N,, R. 13 E.; all production in T. 27 N,, R. 12 E,,
extending westward into Osage County. The following discussion

applies only to that part of the pool which lies in Washington
County. |

Surface stratigraphy. Nellie Bly formation; Dewey limestone;
Chanute formation; Iola formation; Wann formation; Torpedo
sandstone and overlying shale; Birch Creek limestone;” Weston

shale.

Structure. A westward dipping monocline broken by broad
synclines and anticlinal noses, and by the Dewey faulted flexure.
Production extends to the bottoms of the synclines.

Depth to sands. Layton sand, 200 to 300 feet; Wayside sand,
400 to 800 feet; Peru sand, 800 to 900 feet; “Oswego lime” (Ft.
Scott limestone), 900 to 1,100 feet; Squirrel sand, 1,000 to 1,100
feet; Bartlesville sand, 1,200 to 1,300 feet. Burgess sand, 1,400 to
1,500 feet.

Development and production. The pool was opened in 1904
and development proceeded rapidly during 1904, 1905, and 1906.
The Bartlesville was the most important oil producer, followed by
the Wayside sand. Some of the wells had initial production of
1,000 barrels per day, but the average gradually decreased to about
10 barrels per day in 1914. The great demand for oil in 1915 and
1916 stimulated new drilling and some wells were drilled which
had an initial production of 60 barrels per day, but the average
initial production was about 20 barrels per day for that period.
A small gas field was developed southeast of Dewey where the
initia]l pressure was about 500 pounds per square inch.
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Bartlesville Pool

Locatzon. All production in the NWY; of T. 26 N, R. 4 E;
all production in T. 26 N,, R. 13 E,, except sec. 24, 25, and 36;
secs. 1, 2, 11, 12, 13, 14, 23, 24, 25, and 26, T. 26 N, R. 12 E., ex-
tending west into Osage County; secs. 3, 4, and 5, T. 25 N,, R. 13
E. Only that part of the pool lying in Washington County is
included in the following discussion.

Surface stratigraphy. Coffeyville formation; Hogshooter for-
mation; Nellie Bly formation; Dewey limestone; Chanute forma-
tion; Iola formation; Wann formation; Torpedo sandstone and
overlying shale; Birch Creek limestone; Weston shale.

Structure. The dominant structural features are the Bartles-
ville anticline and the Dewey faulted flexure. Writing of the
closure on the Bartlesville anticline southeast of Bartlesville, Wei-
rich says:

Here structural relief is approximately 125 feet on the
base of the ‘Oswego’ (Ft. Scott) limestone. A well was
drilled in 1924 on the apex of this anticline to pre-Cambrian
granite. This well encountered a normal section of Pennsyl-
vanian and Mississippian, but only 108 feet of Arbuckle is
present. Granite was encountered at 1,050 feet (below sea

level). No commercial oil or gas was found in pre-Pennsyl-
vanian rocks’’ 143

Depth 20 sands. Wayside sand, 500 feet; Peru sand, 750 feet:
Bartlesville sand, 1,250 feet; Burgess sand, 1,450 feet.

Development and production. The first oil well in Washington
County was completed in 1897 in the city park at Bartlesville and
is still producing (1940). Development was active during 1904,
1905, and 1906. Some of the early wells had initial production in
excess of 1,000 barrels per day. In 1906, the average initial pro-
duction was about 73 barrels per day. Average initial production
gradually declined to about 10 barrels per day in 1914. At the
present time an occasional new well is drilled which has an initial
production of 20 barrels per day.

143. 'Weirich, T. E., “Petroleum Geology of Nowata and Washington Counties, Okla-

homa”: Guide Book, Eleventh Annual Field Conference, Kansas Geol. Society, p. 86,
1937. Italics by M. C. 0.
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Hogshooter Pool

Location. SWY, T. 26 N, R. 14 E.; secs. 24, 25, and 36, T. 26
N,R.1I3E; NWi; T.25 N,, R. 14 E.; secs. 1, 2, 11, 12, 13, and NY%
sec. 24, T. 25 N, R. 13 E. Originally the term Hogshooter pool

covered the Hogshooter gas production as far south as sec. 30, T.
24 N, R. 14 E.

Surface stratigraphy. Coffeyville formation; Hogshooter for-
mation; Nellie Bly formation; Dewey limestone.

Structure. Dips are generally westward. There is some evidence
of gentle folds with east-west axes in the north part of the area.
The south end of the pool lies on the north mb of the Caney
River syncline.

Depth to sands. Sands of doubtful correlation occur at 500,
710, and 880 feet. The Bartlesville sand is about 1,080, and the
Burgess sand is about 1,275 feet deep.

Development and production. The pool was opened in 1907
and during that year development was active. The Bartlesville sand
produced oil and gas in the west side of the Hogshooter pool, as
at present defined, while the Burgess sand produced gas from an
elongated lens 1 to 2 miles wide, along the east side of the pool.

Production from this Burgess sand lens extended as far south as
sec. 30, T. 24 N, R. 14 E. '

Some of the larger Bartlesville sand wells had initial produc-
tion of 500 barrels per day. In 1909 the average initial production
was 50 barrels per day. This average remained practically the
same for the next three years but decreased considerably from
1913 to 1916. The Burgess sand lens constituted, at the time of
its development, the largest gas field in the state.

Ochelata Pool

Location. Secs. 22, 25, 26, 27, 34, 35, and 36, T. 25 N, R. 13 E.;
sec. 2, T. 23 N, R. 13 E.

Surface stratigraphy. Coffeyville formation, Hogshooter for-
mation.

Structure. The pool lies on the southwest flank of the Ochelata
anticline.
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Depth to sands. Peru, 690 feet; “Oswego” (Ft. Scott limestone),
730 feet; Bartlesville sand, 1,185; “Mississippi lime” (Burgess?),
1,380 feet.

Development and production. The pool was opened in 1910.
Initial production from the Peru sand was 20 to 40 barrels per
day; from the Bartlesville sand, 15 to 60 barrels per day; from
the “Oswego lime” (Ft. Scott limestone), 1 million cubic feet of
gas per day; from the “Mississippi lime”, 1 to 3 million cubic feet

of gas per day.

Vera Pool

Location. Secs. 29, 31, and 32, T. 23 N., R. 14 E.; sec. 6, T. 22
N, R. 4 E.

Surface stratigraphy. Seminole formation.

Structure. Appears to be normal west dip, possibly broken by
gentle folding.

~ Depth to sands. Bartesville sand, about 1,350 feet; Burgess sand,
about 1,500 feet. '

‘Developmenz and production. The Vera pool was opened in
1915 and much activity followed. The Bartlesville sand produced
oil and some gas while the Burgess sand was a gas producer. At
the end of the year about 40 wells had been completed. Of these,
25 were oil wells, 9 were gas wells and 6 were dry holes. The
average initial production was about 60 barrels per day. Initial
production for individual wells ranged from a few barrels to 300
barrels per day. During the first half of 1916 about 70 wells were
completed, the average initial production being about 60 barrels
per day. Initial production of Burgess sand wells ranged from 2
to 18 million cubic feet of gas per day.

OTHER POOLS

The following Osage County pools have unimportant exten-
sions into Washington County.

Forty-Five Pool

Location. Sec. 35, T. 26 N., R. 12 E., extending west into Osage
County.
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North QOchelata Pool

Location. Secs. 1, 2, 11, 12, 14, and 23, T. 25 N,, R. 12 E,, ex-
tending west into Osage County.

Candy Creek Pool

Location. Sec. 2, T. 24 N, R. 12 E., extending west into Osage
County.

Ramona Pool

Location. Secs. 11, 14, and 23, T. 26 N, R. 12 E., extending
west into Osage County.

In order to preserve the record, and make the information
available once more, production maps showing locations of oil

and gas wells, and dry holes, are reproduced without change from
Bulletin 19, Part 2, 1917, as Plate III of this report.

LIMESTONE

Washington County is adequately supplied with limestone
suitable for cement manufacture, rock wool, crushed stone, and
agricultural limestone, as well as for some types of building stone.

The Checkerboard limestone, though thin, could be used in
some localities to supply strictly local needs. The outcrop of
the Checkerboard crosses the southeast corner of the county. No
analyses of samples from that locality are available, but analyses
of a number of samples from the same bed in Nowata County
indicate that it is lower in calcium carbonate than is usually re-
commended for agricultural limestone, and is rather high in silica.
A typical analysis of Checkerboard limestone is: CaO, 42.90 per-
cent (equivalent to 76.56 percent calcium carbonate); MgO, 1.18
percent (equivalent to 2.47 percent magnesium carbonate); Si10.,
1542 percent; Fe:0s, 2.29 percent; Al:0:, 2.73 percent; Mn0., 0.16
percent; CO:, 35.90 percent.

‘The Winterset limestone member of the Hogshooter forma-
tion (the Hogshooter limestone of former usage) is excellent for
many purposes. The phosphatic character of the lower bed has
been mentioned in discussing phosphate. Analyses of samples
from other beds of the Winterset member will be found in the
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accompanying table (XI). It will be noted that the percentage of cal-
cium and magnesium carbonate is variable but is sufficiently high
in nearly all samples to indicate that the material is usable for
agricultural limestone. In sec. 9, T. 26 N., R. 14 E., where the
Winterset is thickest, the upper 14 feet contains more than 90
percent calcium and magnesium carbonate. The small amount of
magnesium carbonate present may give it added value in treating
certain types of soil.

T lnsolubl
T picknass Lob. No| CaO | MgO | CO, |P,05 |Al,03lFe,04MnO, Fcluble Hz_o Totol |CaCO4MECO;
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6893| 51.26; LI0}0.57 - 0.69} 0.86] C.I0| 462 99.20] 91.48; 20
— 120 —E=—— -
: I FT 689i146.37] 2.5438.8!1] - [ 0,59 193} 0.!18] 894 99.36|82.75| 5.3
— 0.0  — —
1 X
1 1 L 1
lj i T Il 688391480 2.46/38.23 - | 0,98 1,79| 003| 10,80 99,09]|79.95| 5.14
I I 1
L 6.4 1 .
I I 6890|50.40 1.50140.96] - I.18] L29] 0.03] 4.86 100.22] 89.94] 3.4
— 5.0 -
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7 =1-—=3=  6300[28,63] 1661 2(56] 180 2731 443 0133614 | 2.21] 909.28] S1.00] _3.47
68864500 1.4036.12! tr LIS | 164 Q.06] 13.94 99.34180.31| 2.93
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Fic. 12. Complete graphic section with chemical analyses of the Winterset
limestone member of the Hogshooter formation and partial section
of the Lost City member (Lab. No. 6886), in the west bank of Hog-
shooter Creek, 1,500 feet east of W34 cor, sec. 9, T. 26 N., R. 14 E.

Thick . | ubl
i font Leb. Nof Ca0 [MgO | CO; {P204 |A1,03{Fe,05|MnO, PSObe H,0, 1 Totar [CaCOMECO;
—3.5 by ign.

% 7259 [49.43 1083048 - | 104 200 0.04 5.40 99.45188.21| 2.26
:8_'5? w1 = [ =1 7257 G443 (813430 2068 105 25 6ol 254 90,78 {79.29 2,47

Frc. 13. Graphic section with chemical analyses of Winterset member of Hog-
shooter formation, near El4 cor. sec. 34, T. 25 N., R. 13 E.
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T hicknass Lab. NoJ Ca0 |MgO |CO 2 [P205 [A1:04[Fes05|MnO, [R50 29| H,0 | Total |CaC0s MgCO,l
L 5.0 J_ r—T bg_lqn_
T 1
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Fic. 14. Graphic section with chemical analyses of the Winterset limestone
member of the Hogshooter formation, just north of E¥ cor. sec.
10, T. 24 N, R, 13 E. ‘

Thcnes® Lob. No,| CaO |MgO [CO, [P, 0 [A1204Fe,05Mn0, [2201451 1 H,0 | Totar [CaCO;MECO,
= 12.0 by ign.

_ﬁ’l_
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- 3.0

7274[66.83| 1.18(38.02 0.78| L54 2.43] 0.06] 8.54 99.38133.57| 2.47

L 0.0 ~_ | ND.
Fic. 15. Graphic section with chemical analyses of the Winterset limestone

member of the Hogshooter formation %4 mile west of SE cor. sec.
16, T. 24 N,, R. 13 E.

Thicknass Lob. No.| Ca0 |MgO | €O, [P205 [A1,05Fe,05/MnO, RSP H, O | Total [CaCOMECO,
— 3.0 T byign.

| 7273]46.04| 1.26[37.75] - .47 2.50| 0,06] 10.30 99.38|82.16 | 2.64
}— 1.0 IJ‘['t T
L_ 0.0 CXaf 727214206 102 [34.23] 0.77| 144 3.58 019| 15.52] 1.3 [100.04] 75.06] 2.34

Fic. 16. Graphic section with chemical analyses of the Winterset limestone
member of the Hogshooter formation, % mile west of W4 cor.
sec. 34, T. 24 N,, R, 13 E. '

The Dewey limestone is even better than the Winterset for
many purposes. It has long been used with shale for cement manu-
facture by the Dewey Portland Cement Company. Analyses are
available from two localities and indicate that practically all the
Dewey is usable for agricultural limestone. The upper 15 to 18
feet contains more than 90 percent calcium and magnesium car-
bonate. The Dewey crops out almost entirely across the county
and is thus available to all farms in the county without excessive

haul.
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i bl
Thachoess Lob.No.| CaO [Mg0 | COz|P,05 |Al,05]Fe;05Mn0, [scluble Hf_o Total JCaCO4MgCO5
- 21.0 : by ign.
3 7866{50.25| 0.5240.36| - .47 LS| tr 5.12 | 0.76] 99.63| 89.58] 1.09

- 17.0

7865/50.88| 0.50/4094 - 1.24} 1.00| tr 4,80| 0.55 9991 90.80| 105
12,0

7864,50.14) 0.72/140.26( - L29] LO7| tr 5.20 | 0.90; 99,58|89.48| 1.5!
- 3.0 :
— 0.0 ND

Fie. 17. Complete graphic section with chemical analyses of the Dewey lime-

stone, old quarry of the Dewey Portland Cement Company, center
SE% NW%4 sec. 26, T, 27 N., R. 13 E.

- In the southwest part of the county, thick limestone lenses
are present in the calcareous zone of the Wann formation. These
limestones afford good road material and would supply stone suit-
able for certain types of buildings, particularly foundations and
outbuildings on farms. No analyses are available. Some of the
calcareous shales from this zone might be used for agricultural
lime on nearby land, their low lime content being offset by the
short haul and no necessity for fine grinding. Lime content should

be determined before expense is incurred in attempting to use
calcareous shale.

The problem of preparing crushed stone and agricultural lime-
stone for local use could probably be met by portable crushing and
grinding machinery operated under some form of cooperative
arrangement similar to that long in vogue among farmers for
threshing grain and filling silos. With such an arrangement, agri-
cultural limestone should be obtained, without great cash outlay.

Limestone is one of Oklahoma’s most valuable resources, and
1s destined to play an important role in the future industrial develop-
ment in the state, especially in chemical industries. Limestone and
its chief basic products, lime and carbon dioxide, are intimately con-
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Thickness Lab.No.| Ca0 [MgO | CO, [P20s [Al,05[Fe,05iMNn0, (Feokde | H,0 | Total [CaCO4MECO5
—32.5 l by ign.
;LI_&
A
77305006 | 0.3839.70] - | LoI| 129 tr | 6.79| 0.63|99.96{80.52] 0.79
7.5 !
Si0;
r——T— 7729| H40 204 7.72] - |1704] 00| tr {5023 6.71]99.4 |20.34] 4.27
Shales
—1—| 7728l48.26| 0.64/3830] - | 185 2.07| tr | 8.9 | 0.73)00.04|8642] 134
Limastone|
12,5 —H—1L
1 sio,
772714.38] 2.40{10.24] - |14.97] 4.43 t |[48.8% 4.56|99.16 |2566| 5.02]
Shales
I
g R—
— 7726l46.92| 0.66/38.26] - | 1.53| 2.00| 013] 1017 | 0.05 99.72|83.73] 1.38
T 1 Limestone
I .
__5.0 1 T
175 T 772546.50] 0.25037.00] - | 164] 2.38] tr | 1075 | 104] 99508208 046
.25 —
U
772424.00| 2.38/ 1768 tr |12.67| 4.43 0.21| 34,617 3.59] 99.57[42.83 0.50
- 0.0 o MO kN O ND/

Fic. 18. Complete graphic section with chemical analyses of the Dewey limestone,
near E¥ cor. sec. 19, T. 26 N., R. 13 E., 2 miles south of Bartlesville
along U. S, Highway 75.

nected with the production of many of the important chemicals and
are used in numerous industrial and chemical processes. With
the increasing importance of industrial chemistry, the basic raw
materials from which chemicals may be derived are also becoming
of more value as potential mineral resources.

Most of the important chemicals are derived from a relatively
small number of raw materials. In a study of the sources of 150
important chemicals produced in this country, it was found that
only 34 mineral raw materials are used.'** Listed in the order of

144 Keller, R. N., and Quirk, T. T., “Mineral Resources of the Chemical Industries”:
Economic Geology, Vol, 34, pp. 287-296, 1939.
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frequency in which they are used, the first ten are: water, air,
coal, sulphur, mineral salt, limestone, sulphide ores, brines, petro-
leum, and natural gas. Omitting water and air, limestone becomes
fourth on the list. In the listing of frequency of use as a basic
raw material in the manufacture of the 150 chemical products,
water, coming first, was listed 99 times, and natural gas 16 times
in tenth place. Limestone was listed 63 times. Thus, on the basis
of the number of chemical processes in which they find a use, the
ten basic materials listed above appear to be of dominant impor-
tance to industrial chemistry. '

In addition to limestone, Oklahoma has an abundance of
most of the other ten leading chemical raw materials, and especial-
ly coal, sulphide ores, petroleum, and natural gas. Availability of
these additional minerals increases the potential value of the lime-
stones, should attempts be made to develop chemical industries
in Oklahoma.

Washington County is especially well situated with respect
to these resources, because coal, sulphur, salt, and limestone are
used together by many chemical industries. Sulphur is used prin-
cipally as a source of sulphuric acid which is now being produced
in the county, as a by-product of zinc smelting. Coal is available
in nearby counties, and salt can be obtained from. oil field brines.

In Table X, some of the general uses of limestone are given,
together with brief remarks on the quality of material required.
Rock wool manufacturing, a comparatively new and growing in-
dustry, utilizes impure, siliceous or shaly limestone, or high-calcium
limestone mixed with silica or clay, as a raw material.
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Minimum percent

Use CaCQ0; MgCO0; Ca0 MgO Remarks

Agricultural 90 10-mesh and finer. 100-mesh
desired by some users.
Some MgCOs; permissable,
required on some soils.

Alkali 93 5 Maximum of 239, Si0.2. Cal-
cined, both Ca0 and CO.
required.

Baking soda 957

Calcium carbide 97 2 Maximum of .5% Al0s;, 3%
S5i0., .01% P:0s;, trace sul-

. phur.

Carbon dioxide (CO.) high high MgCQ: contains more CO..

Caleium nitrate high '

Dye works high Finely ground. Used as base.

Explosives high b Average of 1.5% blasting ex-
plogive is limestone.

Fertilizers high b Mfg. nitrogenous fertilizer,
and as. filler in some other
types.

Filter, sewage higzgh b Pyrite and clay not tolerated.

Flux, blast furnace 90-95 ¢ Maximum of 29 AlLQO; 3%
8i0., .1% phosphorous and
sulphur.

Bessemer, acid Not over .01% phosphorous.

Open hearth, basic 10 Maximum 1.5% AlL:O; 3%
Si0., low sulphur and phos-
phorous.

Food, animal high Finely ground, often mixed
with feed to furnish cal-
cium to livestock,

Glass manufacture

Class 1 96 b Max. 3% Al:Qs, .2% Fe:0s, 4%
Si0..

Class 2 91 b  Max. 5% do., .4% do., 9% do.

Class 3 83 b Max. 5% do., .8% do., 17% do.

Lime 97 Magnesium may or may not
be used.

Paint manufacture high P Inert filler in many paints.

Paper manufacture

Tower system 53.0 15 Max. organic matter .5%
: Al:0;, Fe.0: and 8i0: 1.6%.

Tank system 29.8 17.9 do., magnesian limestone us-
ually preferred in tank or

‘ milk of lime system.

Portland cement 5 20% clay; 5% MgC0,; sul-
phur, and alkali permitted.

Poultry grit high low Must have less than .1%
flourine, size less than 4-
mesh, greater than 10-mesh.

Rock wool 45-65 ¢ Remainder mainly Si0: and
Al:Qs, very little Fe:0s.

Sugar refining 97 1 Maximum of 1% SiQ.. Used

in 2 to 8 inch blocks.
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TABLE X—(Continued)
Usks oF LiMESTONE, DEPENDING oN CHEMICAL COMPOSITION

Minimum percent

Use CaCO; MgCO; CaQ MgO Remarks
‘Whiting substitute 95-97 2-8c Must be finely ground.
Precipitated chalk high Made by precipitation of

CaCo; from high calcium
limestone.

a Maximum percentages of alumina, iron and silica are those indicated as standard
limits for purpose, and are approximate averages of several authorities. Some
users permit higher percentages of impurities, others demand higher carbonate con-
tent.

b Indicates magnesian limestone is satisfactory for purpose.

¢ Part of the percentage indicated for CaCO:; may be MgCO.. Some users prefer
limestone, others magnesian limestone.

In general, if no notaton is given relative to percentage of impurities,  impur-
ities are not obnoxious, but inerease the amount of material necessary to obtain the
required carbonate.

This table compiled chiefly from information obtained from the following pub-
lications: .

Lamar, J. E,, and Willman, H. B., A summary of the uses of limestone and dol-
omite, Illinois Geological Survey, Report of Investigations, No. 49, 1938.

Miller, Benjamin Leroy, Limestones of Pennsylvania, Pennsylvania Geological
Survey, Bulletin M 20, 1934.

Whitlatch, George I., Limestone, Tennessee Geological Survey, Markets Circular
No. 3, 1937.

Publications of the National Lime Association.

U. S. Bureau of Mines, Information Circulars 6723, 6330, 7088, 6984.

Rock Products, chiefly vols. 41 and 42, 1938 and 1939.

Limestone has been termed the “Monarch of the Mineral King-
dom”, and is described as “**** the one mineral he (man) could
not do without****” 1% 1n addition to the uses of limestone and
lime (calcium oxide), another derivative, carbon dioxide, is also
a raw material of great importance. It can be recovered as a by-
product in the manufacture of burned lime, cement, rock wool,
and other processes that require the calcination of limestone or
dolomite. Nathan C. Rockwood, editor of Rock Products, quotes
J. H. Hillman, III, in listing the following 17 uses of this gas:'*®

(1) dry ice; (2) liquid carbonic; (3) acetylsalicylic acid (better
known as aspirin) which is the starting point for manufacture of
numerous drugs and dyes; (4) with ammonia to make ammonium
carbonate and ammonium carbamate; (5) with lime to make pre-
cipitated calcium carbonate or whiting (chalk); (6) with lime
145 Rockwood, Nathan C., “Monarch of the Mineral Kingdom”: Rock Products, pp.

23-24, May, 1940.
146. Idem.
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to make calcium carbamate; (7) with barium oxides or hydrox-
ides to make barium carbonate; (8) with ferrous chloride to
make ferrous carbonate; (9) with lead oxide or lead nitrate to
make basic lead carbonate (white lead); (10) with lithium chloride
to make lithium carbonate; (11) with potassium hydroxide, man-
ganese dioxide and potassium chlorate to make potassium per-
manganate; (12) with sodium phenate to make salicylic acid;
(13) with sodium chloride (salt) and ammonia to make soda ash
and sodium bicarbonate; (14) with ammonia to make synthetic
urea; (15) with zinc chloride to make zinc carbonate; (16) with
various salts or hydroxides to make corresponding carbonates such
as bismuth subcarbonate, caesium carbonate, cobaltus carbonate,
lithium carbonate, nickel carbonate; (17) with calcium cyanimide
to make thiourea.

But that is not all, for carbon dioxide can easily be converted
into relatively pure carbon monoxide by passing it over hot coke,
and then carbon monoxide becomes available for chemical manu-
facture as follows: (1) with chlorine to make phosgene; (2) with
ammonia to make various amides and cyanides; (3) with aliphetic
alcohols and ethers to make various esters; (4) with halogen deriva-
tives to make aldehydes; (5) with olefines to make organic acids and
esters; (6) with hydro aromatic hydrocarbons to make various
ketones; (7) with hydrogen to make methanol, ethanol and other
alcohols; (8) with water to make formic acids; (9) with sodium
hydroxide or calcium hydroxide to make sedium or calcium for-
mate; (10) with metals to make various volatile metallic carbonyls;
(11) with calcium hydroxide to form hydrogen and precipitated
calcium carbonate.

PHOSPHATE

It has become evident that the current interest in soil con-
servation and soil improvement indicates a need for large quanti-
ties of phosphate for rebuilding the soil and the desirability of
finding cheaper local supplies, in order that it may be more ex-
tensively used. At the suggestion of staff members of the Agri-
cultural Experiment Station and Extension Division, Oklahoma
Agricultural and Mechanical College, the Oklahoma Geological
Survey has undertaken the preliminary survey and sampling of
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the phosphate deposits of the state in the hope that Oklahoma
material might prove useful, and in order that representative lots
of the richer materials might be applied to test plots at the Experi-
ment Station to determine their suitability. The following is a
summary of the phosphate deposits of Washington County.

A black fissile shale at the base of the Coffeyville formation
and usually resting on the Checkerboard limestone, contains phos-
phatic concretions that are useful as a horizon marker in mapping.
Analyses made in the chemical laboratory of the Survey show that
these concretions or nodules contain more than 30 percent P.Os,
but the quantity available is too small to make them of any im-
portance as a source of phosphate.

A dark crinoidal bed, 1 foot or less in thickness, containing
phosphatic concretions, or nodules, is always present at the base
of the Winterset limestone member of the Hogshooter formation.
The Winterset limestone attains its maximum thickness of 26 feet
in sec. 9, T. 26 N., R. 14 E,, but is thinner both to the north and
south of this point. South of T. 26 N. the entire thickness is
seldom more than 12 feet and over much of the area it is less.
Analyses made in the chemical laboratory of the Survey indicate
that all the Winterset is usable for agricultural limestone, but
the phosphate is confined to the lower, dark, crinoidal, nodular
bed. Consequently, the only places where mining of the phosphatic
limestone would be practical are along the outcrop of this basal
bed. The most suitable places are on the dip slopes where the
higher beds have been nearly or completely removed by erosion.
Such places have been mapped and sampled with more than usual
care. (See Table XI.) This basal bed may be unusually valuable
as agricultural limestone if the contained phosphate proves to be
available to growing crops.

A representative lot of this phosphatic limestone was collected
by the Agricultural Experiment Station and applied to plots for
growing tests during the summer of 1938. Owing to unfavorable
conditions prevailing during the growing seasons of 1938 and
1939, results to date are inconclusive. Several seasons are necessary
to obtain definite results on such tests.
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Locally, in secs. 15 and 22, T. 27 N., R. 13 E., northeast of
Dewey, there is a thin limestone bed 0.3 foot thick at the top of
the Dewey limestone which is literally packed with phosphatic
nodules. Nodules weathered from this bed are plentiful in places
along the channel of Deer Creek, and a sample of these nodules
contained 23.55 percent P:Os. A few tons of the nodules might
be secured by hand gathering for local use.

The Iola formation contains a band of phosphatic nodules
which was useful as a marker in mapping the formation, but the
quantity available is too small to be of any consequence as a source
of phosphate. A sample of the nodules contained 30.62 percent
P.O:. '

Two Phosphate Horizons in Nowata and Craig Counties are
mentioned here because of the possibility of treating rock phos-
phate from that source with sulphuric acid from the plant at the
Bartlesville smelter, to make superphosphate for local agricultural
use.

The Fort Scott limestone crops out in a belt 1 to 10 miles
wide from the Kansas line to Arkansas River, south of which it
thins rapidly and soon disappears. Its outcrop crosses Craig, No-
wata, and Tulsa Counties. It is composed of:

Feet

(1) Upper limestone, white, semi-crystalline and massive,
=1 70 | OSSR 20.0

(2) Black fissile shale, containing phosphatic concretions,
L2 =31 €= USSR 6.0

(3) Lower limestone, white semi-crystalline and massive,
L1 E=3 1 E: N U ST 5.0

The writer has seen the black fissile shale in the park north
of Oswego, Kansas; at a point where U. S. Highway 60 crosses
the outcrop east of Nowata, Oklahoma, sec. 31, T. 26 N., R. 18
E.; where state highway 20 crosses the outcrop in T. 21 N, R. 15
E., west of Claremore, Oklahoma; and aleng U. S. Highway 66,
approximately 1 mile southwest of Catoosa, Oklahoma. At all
four places this shale contains phosphatic concretions.

East of Nowata, 0.3 mile west of the NE corner of sec. 31,
T. 26 N., R. 18 E., the black shale is 6 feet thick, and nodules and
plates are most abundant in the upper half. A representative sample
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of these contained 26.20 percent P:Os. West of Claremore, the
black shale is thinner and coaly and the nodules are less abundant.

It seems that the black fissile shale in the Fort Scott limestone
may be fairly uniform, both in thickness and in its content of
phosphatic nodules, from the Kansas line to some point south of
Nowata, Oklahoma, and that localities may be found where con-
ditions are suitable for winning the phosphatic nodules. At the
locality east of Nowata, the black shale crops out on a dip slope
from which the upper member of the Fort Scott limestone has
been eroded, leaving 50 actes or more free from overburden, and
strewn with nodules and fragments.

The Pawnee limestone crops out widely on the headwaters
of Big Creek and in a band from 1 to 2 miles wide west of Big
Creek, from the Kansas line to Verdigris River. It crops out in
a narrower band west of Verdigris River to the vicinity of Oologah,
and thence southward to Broken Arrow. The Pawnee limestone
1s composed of the following:

Feet
{1) Upper limestone member 20 feet thick at the Kansas
line but gradually thickening southward to 30 feet
or more in southern Nowata County and 65 feet east
of Tulsa. Average thickness ... 40.0
(2) Black fissile shale containing phosphati¢c concretions.
Maximum thiCKNess ... e 12.0
(3) Lower limestone member, hard, gray, and partly crystal-
58 0 L= SO SRS 6.0

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., Rgs. 16 and 17 E. There the shale is 3 feet thick and
contains an abundance of black phosphatic nodules and plates.
The shale is best exposed east of Verdigris River but even there it
is usually covered by about 3 feet of the upper limestone member
which forms dip slopes on the hilltops. A representative sample
of the nodules and plates from the south side of the road in the
NW cor. sec. 32, T. 26 N., R. 17 E. contained 32.68 percent P:Os.
Owing to the wider exposure farther north, it is hoped that areas
may be found where the upper limestone member has been re-
moved by erosion, leaving the black shale better exposed for win-
ning the phosphatic nodules.
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Probably none of the phosphate horizons mentioned in this
report can ever be worked on a large scale to produce phosphate
for export to other states or foreign countries, but it is possible
that a considerable amount of material may be recovered for local
use. Gathering the nodules could supply part-time cmployment
for people who would not be otherwise employed, much as tie
making has done in the past. Local merchants could buy and for-
ward the nodules to a central grinding and treating plant where
they could be prepared for distribution as superphosphate in the
same trade territory. Agricultural experience shows that rock phos-
phate similar to these nodules must be ground extremely fine
before it can be used for fertilizer. Feasibility of such use will
depend on results of growing tests by the Agricultural Experiment
Station.

BUILDING STONE

There are few if any places in Washington County where first
class dimension stone could be quarried. However, there are many
places where stone suitable for ordinary purposes may be secured
with a minimum of effort.

Some common uses for stone are spillways for ponds, outlets
for terraces, for culverts, bridges, barns and other outbuildings on
farms, schools and residences, and for foundations for wooden
buildings. In recent years stone 3 to 6 inches thick has become pop-
ular for use as veneer in the construction and reconditioning of
private residences.

The various relief agencies operating throughout the country
in recent years have demonstrated that good serviceable buildings
may be constructed of stone heretofore neglected. Even an un-
skilled workman can construct a farm outbuilding like a pig sty,
poultry house, or cow shed. With more experience he can erect
a barn, milk house, or dwelling. The finer kinds of stone work
are rightly classed as skilled trades, but so is expert carpentry.
Farmers have long done the rougher sorts of building in wood,
and they can likewise do it in stone. With the passing of the
virgin forests, wood is no'longer cheap, and it is bound to be more
dear with the passing years. Stone can replace wood wherever it
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can be made to serve. When stone is close at hand and the build-
ing can be done when other work is not pressing, the cash outlay
for stone is often less than for wood.

'The dampness of stone buildings has been a major objection
to their use in the past, but this can now be avoided without excessive
expense. One method is to waterproof the exterior with cement
stucco or a wash of portland cement. Another method is to lay
all or a part of the stone edgewise. It has been found that sand-
stone has many impervious laminae parallel to the bedding and
in consequence is almost or quite waterproof when laid with these
laminae vertical.

The accompanying table compiled from the files of the mineral
survey lists numerous exposures of both sandstone and limestone,
many of which no doubt will yield stone suitable for various pur-

poscs.

TABLE XII
BuiLping . STONEL48
Thickness
Location Formation of layers Remarks
(inches)
T. 22 N, R. 12 E.
El 1 Limestone 3 to 6 ft. thick
E¥% 11 Limestone 3 to 6 ft, thick
E% 12 Limestone 3 to 6 ft. thick
E & W sides 13 Limestone 3 to 6 ft. thick
W side 14 Limestone 3 to 6 ft, thick
EY 24 Limestone 3 to 6 ft, thick
SWi4 25 Limestone 1 to 8 ft. thick
NWis 25 1 to 36 Sandstone 5 ft. thick, overburden
5 ft,
SEl4 26 Limestone 1 to 8 ft. thick.
T.23 N, R. 13 E.
Center 8 : Limestone 15 ft. thick.
SE SW NE 9 Dewey ls. Limestone 3 to 14 in. thick.
SE SW SE 36 Checkerboard ls. Limestone 3 ft. thick.
: T. 24 N, R. 13 E,
SE, SE NW 8 Nellie Bly Sandstone outcrop 175 ft, long,
: 60 ft. wide, 4 in. thick.
NE cor. 34 Coffeyville 6 to 12 Has been used for building stone.
Dodds Creek

148. Compiled from records of the State Mineral Survey, Works Progress Adminis-
tration project No. 65-65-538, sponsored and directed by the Oklahoma Geological
Survey, 1936-37. .
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TABLE XII—Cont.
Thickness »
Location Formation - of layers Remarks
{inches)
T. 24 N.,, R. 14 E,
NE NW SE ¢ Coffeyville Sandstone, 300 ft. long, 20 ft.
: wide, 4 ft. thick; overburden
0 to 20 fi.
Sec. 7, E. of river Coffeyville Sandstone blocks 1 x 2 x 6 ft.;
overburden 0 to 3 ft.
SW SW NE ¢ Coffeyville 4 to 16  Sandstone.
SE NE SW 9 Coffeyville 4 to 16  Sandstone.
Sec. 19, E. of river Coffeyville ~ Sandstone 4,000 ft. long, 50 ft.
wide, 12 ft. thick; overburden
3 ft.
5Y, SW 20 Coffeyville Sandstone may not be suitable
for building stone.
T. 25 N, R. 12 E.
Sec. 25 Dewey Is. Limestone, overburden 0 to 10 ft.
SW SW SW 35 Clem Creek ss. 3 to 6 Sandstone, many loose pieces.
T. 25 N, 13 E.
NE NE SW 13 Coffeyville 3 to 12 Sandstone 600 it. long, 100 ft.
wide, 10 ft. thick; overburden
0 to 10 fe.
NE NE NW 13 Hogshooter ls. 3 Limestone exposure 100 ft. long.
SW SW SwW 17 Dewey Is. Limestone 660 ft. long, 5 ft.
wide; overburden 0O to 2 ft.
SW SE SW 18 Dewey ls. Limestone 600 ft. long, 100 ft.
wide, 4 to 5 ft. thick.
N% of SW 20 Dewey ls. 1,500 ft. long, 650 ft. wide, 2
ft. thick.
Wi, 29 Dewey Is. Limestone 4,000 ft. long, 20 to
300 ft. wide.
Sec. 30 Dewey Is. Limestone well distributed over
: the section.
T. 25 N, R. 14 E.
SW SE SE 8 Coffeyville 6 to 12 Sandstone 100 ft. long, 4 ft.
thick; overburden 2 ft. This
_ is crushing rock.
SE NE NWi8 Cotfeyville 6 to 12 WPA gquarry, rock was used for
school house in Oglesby.
NE NW NW 21 Coffeyville 1 to 6 Sandstone 500 ft. long, 50 ft.
wide, 5 ft, thick; overburden
: 4 ft.
E% of NE 31 Coffeyville 1 to 6 Sandstone 70 ft. long, 50 ft. wide,

Along S side 23

T. 26 N., R. 12 E.
Clem Creek? ss. 6 to 12

T. 26 N, R, 13 E,
Dewey ls.

T.26 N, R. 14 E.
Dewey and Hog-
shooter ls.

5 ft. thick.
Sandstone ledge 15 ft. thick.

Outcrops cover most of township.
See geologic map of county.

Qutcrops cover most of township.
See geologic map of county.
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TABLE XII—(_]ont.

Thickness
Location Formation of layers Remarks
(inches)
T.27 N, R. 12 E,
W side 14 Uncertain In descending order: Overburden
(Bar-Dew lake) 3 ft., sandstone 2 ft., sandy
shale 5 ft., sandstone 8§ ft.
N¥% of SWi4 23 Uncertain Scattered blocks of sandstone 3%
ft. thick.
E% 26 Torpedo ss. 6 to 12 Sandstone outcrop 200 ft. long

Sec. 9

Sec. 27
SW NE NE 32

Wis 2
NW 11

Near W% cor. 13
SW NE 23
SW NW 24
NW SE 24

S% SW SW 3

NE SE SE 4
SW NW 6

SW SW 16
NW NW 20

SE SE NE 34
SE NE 35

and 25 ft. thick,

T. 27 N,, R. 13 E.
Dewey ls. QOutcrops cover most of township.
See geologic map of county.
Cottage Grove ss. 4 to 6 Along Postoak Creek and tribu-
taries sandstone outcrops fre-
quently. Soft but easily work-
ed, would do for some pur-
poses.
Dewey ls, Quarry of Dewey Portland Ce-
ment Company.
Cottage Grove ss. 4to 6 Soft but useful for some pur-
poses.
T. 27 N, R. 14 E.
Dewey Is. Outcrops cover most of township.
See geologic map of county.

T. 28 N, R. 12 E.

Uncertain 3t0 8 Sandstone, 160 acres 3 to 5 fi.
thick; overburden 0 to 5 ft.

Uncertain 3 to 8 Sandstone 350 ft. long, 300 fi.
wide, and up to 3 fi. thick; no
overburden.

Okesa ss. ? 3to 6 Sandstone 500 ft. long, 10 ft.
wide, 2 to 4 ft. thick.

Uncertain 6 to 12 Sandstone 500 ft. long, 100 ft.
wide, 5 ft. thick.

Uncertain 6 to 12 Sandstone 1,000 ft. long, 500 ft.
wide, 3 ft. thiek.

Uncertain 3 to 12 Sandstone 500 ft. long, 100 ft.

wide, 5 ft. thick.
T. 28 N, R. 13 E.

Torpedo ss. 3 to 12 Sandstone 600 ft. long, 200 ft.
‘wide, 10 ft. thick; no overbur-
den.

Torpedo ss. 3 to 12 Sandstone 200 ft. long, unlimited
width, 8 ft. thick.

Torpedo ss. 3 to 12 Sandstone Y% mile long, width

unknown, thickness 2 to 6 ft.;
overburden 0 to 5 ft. .

Torpedo ss. 3 to 12 Sandstone about 10 acres; thick-
ness unknown,
Torpedo ss. Sandstone in three layers 150 ft.

by 150 ft., 6 ft. thick; good
building stone.

Birch Creek ls. Caps hill, 6 ft, thick.

Birch Creek Is. Caps hill, 6 ft, thick.
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TABLE XII—Cont.

Thickness
Location Formation of layers Remarks
(inches)
T.28 N.,, R. 14 E.
SE SE NW 6 Torpedo ? ss. Sandstone 300 ft. long, unknown
: width, 15 ft. thick.

SE SE SE 6 Torpedo ss. 3 to 12  Sandstone 200 {t, Jong, unknown
width, 4 ft. thick.

NW NE NE 9 Torpedo ss. 3 10 12 Sandstone 400 ft. long, 50 ft.
wide, 2 ft. thick.

NE NE 28 Cottage Grove ss. 3 to 6 Sandstone 200 ft. long, 10§ ft.
wide, 15 to 2 ft. thick.

NW NW SE 28 Cottage Grove ss, 3 to 6 Sandstone 100 ft. long, 50 ft.
wide, 3 ft. thick; overburden 6
ft,

SW SW SwW 33 Dewey ls. Limestone, old quarry.

Along creek E% 29 Cottage Grove ss. % to 1  Sandstone, thin-bedded. Possibly

NE cor. to SW
cor. 14

NW1; 15
SWig 22

N to S across
middle of 27

Sl of NW14 34

SW SW NW 35
SE SW NW 35

SE SE NW 35

NE SW NW 14

NE NW SW 14
NW NE SE 23

NE NE SE 23
S% SE NW 27

make sand if crushed,

T. 20 N,, R. 12 E.

Uncertain Sandstone 3,000 ft. long, 1,000 ft.
wide, 3 ft. thick; composed of
large regular grains, uniform
texture, satisfactory for build-

. ing.

Sandstone 300 ft, long, indefinite
width, 3 ft. thick.

Sandstone 2,500 ft. long, 150 ft.
wide.

Sandstone; N%: of outcrop loose
blocks, S'% a ledge 1,000 fi.
long, width unknown, 2 ft.
thick; overburden 1% to 2 ft.

Sandstone 500 ft. long, 250 ft.
wide, 3 to 4 ft. thick, overbur-
den 2 ft. Blocks available 2
to 4 ft. thick and 5 to 6 ft.
long.

Loose sandstone blocks.

Sandstone 100 ft. long, 30 ft.
wide, 0 to 4 ft, thick: overbur-
den 3 ft.

Sandstone 400 ft. long, 50 ft.
wide, 2 to 5 ft. thick; over-
burden 0 to 8 ft.

Uncertain
Uncertain 6

Uncertain 6

Uncertain

Okesa? ss.
Okesa? ss.

Okesa? ss.

T.29 N,, R. 13 E.

Torpedo ss. 3 to 12  Sandstone 200 ft. long, width un-
known, 1 to 6 ft. thick.

Birch Creek Is. Limestone 1 to 2 ft. thick, sandy.

Tola ls, Limestone ledge 150 ft. leng, 20
ft. wide, 2 to 14 in. thick.

Tola Is. Limestone 100 ft. long, 40 ft.
wide, thickness unkmown.

Torpedo ss. 3 to 12 Sandstone % mile long, 25 ft.

wide, 3 to 8 ft. thick; over-
burden 0 to 4 ft.; good for
building stone.
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TABLE XII—Cont,

Thickness
Location Formation of layers Remarks.
(inches)
T. 29 N,. R. 13 E—Con’t.
NE SE SE 34 = Torpedo ss. 3 to 12 Sandstone 400 ft. long, width ir-

regular, thickness 12 ft. Not
good for cutting as face indi-
cates irregular composition.

T. 20 N,, R. 14 E*

Sec. 16 Birch Creek ls.

& Torpedo ss, Crops out in hill
Sec. 18 [ola ls. Crops out in creek beds.
Sec. 19 Tola ls. Crops out in creek beds.
Sec. 28 Birch Creek Is.

& Torpedo ss. Crops out in hills.
N4 29 Cottage Grove ss. Crops out in creek bed.
N% 30 Tola Is. Crops out in creek bed.

SHALE

Clay shale. There is no clay-products industry in Washington
County. This is probably due to the proximity of the well estab-
lished works at Coffeyville, Kansas, which have amply supplied
the needs of the adjacent trade territory. These plants utilize the
clay shale in the lower part of the Coffeyville formation. (Zone 1,
Fig. 5.) The outcrop of this part of the Coffeyville formation ex-
tends southwestward across western Nowata County into south-
eastern Washington County.

In 1929-1930, three samples of shale were collected from
Washington County by John S. Redfield, of the Oklahoma Geolo-
gical Survey, in the course of a state-wide survey of the clays and
shales of Oklahoma, and were tested at the Engineering Experi-
ment Station, Oklahoma A. and M. College, Stillwater, under the
direction of Leonard F. Sheerar.**® These tests indicate that shales
in the Nellie Bly and Wann formations also are suitable for mak-
ing brick and tile. The following quotations are from this report
with minor corrections of stratigraphic nomenclature in confor-
mity with the present report:

* No stone reported by the mineral survey but stone suitable for some purposes crops out in
the localities given.

149. Sheerar, Leonard F., and Redfield, John S., “The Clays and Shales of Okla-
homa”: Okla. Agric. and Mech. College, Engineering Publication, Vol. 3, No. 5,
pp. 240-241, Sept., 1932,
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SAMPLE NO. 127

NE NE Sec. 25, T. 25 N, R, 12 E. County: Washington.
Geologic formation: Nellie Bly.

Working properties: Fair plasticity, easy to mold.

Tempering water: 24.8%.

Drying linear shrinkage: 6.8%.

Drying volume shrinkage: 22.0%.

Average transverse strength: 339 lbs. per sq. in.

Burning Peor Cent Per Cent
Temperature Linear Volume Per Cent

in Cones Shrinkage Shrinkage Porosity Hardness Color*
010 1.6 4.8 30.9 < steel 11"'b
08 4.2 12.0 21.1 <steel 9"'b
06 6.8 10.0 14.8 <steel 9'"'b
04 8.3 22.9 9.8 <steel 771
02 83 - 23.0 7.8 <steel 771
1 99 26.8 2.2 <steel 771

Overburning temperature: Cone 1 (2102°F-1150°C).

Best burning range: Cone 08 to Cone 04 (1814°F-990°C to 1958°F-1070°C).
Total linear shrinkage: 15.59% at Cone 04 (1958°F-1070°C).

Possibilities: Common and face brick, hollow tile.

The Nellie Bly also outcrops in a bluff on the west side of the road
one mile south of Tuxedo (a suburb of Bartlesville), Road metal was
formerly obtained from this outecrop. A one-foot sandstone caps the out-
crop. The remaining 36 feet of the exposure is buff shale with occasional
sandstones that are thin and inconspicuous. The base of the shale is not
seen.

SAMPLE NO. 128

SE Sec. § T. 26 N, R. 13 . County: Washington.
Geologic formation: Nellie Bly.

Working properties: Fair plasticity, easy to mold.

Tempering water: 23.0%.

Drying linear shrinkage: 4.9%.

Drying volume shrinkage: 15.4%.

Average transverse strength: 280 Ibs. per sq. in.

Burning Per Cent Per Cent
Temperature Linear Volume Per Cent
in Cones Shrinkage Shrinkage Porosity Hardness Color
08 4 1.3 34.5 <steel 117'b
06 2.8 8.2 28.5 steel - 1177
04 41 11.8 24.1 >steel 97’
02 1.1 19.9 21.6 >steel 7'
1 6.6 18.5 13.6 >steel 7'k
3 5.7 16.2 10.2 >steel 7"k

Overburning temperature: Cone 1 (2102°F-1150°C).

Best burning range: Cone 06 to Cone 02 (1886°F-1030°C to 2030°F-1110°C).
Total linear shrinkage: 11.4% at Cone 02 (2030°F-1110°C).

Possibilities: Common brick.

A shale of the Faenn formation forms a hill west of the town of
Ochelata. A 4-foot sandstone caps the hill and overlies 30 feet of sandy
shale containing several thin sandstone beds. :

* Ridgway Color Scale. See Sheerar and Redfield, op. cit., pp. 33-36.
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SAMPLE NO. 126
SW SE Sec. 35, T. 25 N,, R. 12 E. County: Washington.
Geologic formation: Wann*.
Working properties: Fair plasticity, easy to mold.
Tempering water: 27.3%.
Drying linear shrinkage: 9.6%.
Drying volume shrinkage: 31.7%.
Average transverse strength: 1077 lbs. per sq. in.

Burning Per Cent Per Cent
Temperature Linear Volume Per Cent
in Cones Shrinkage Shrinkage Porosity Hardness Color
08 .67 2.1 28.1 >steel 11''b
06 2.0 6.1 22.4 >steel 11’
04 2.9 8.5 18.5 >steel 11774
02 3.4 9.9 16.1 >steel 11'"1
1 4.2 12.0 15.2 >steel 7'"1
3 5.3 15.2 12.7 >steel T'"1

Overburning temperature: Above Cone 3 (2174°F-1190°C).

Best burning range: Cone 06 to Cone 1 (1886°F-1030°C to 2102°F-1150°C).
Total linear shrinkage: 12.6% at Cone 1 (2102°F-1150°C).

Possibilities: Common and face brick, sewer pipe.

Road shale. Sandy shale from all the shale formations of the
county have been much used for surfacing roads where the traffic
is light. ‘This material makes a smooth, water-resisting top which
wears fairly well. It requires no special preparation and often
the only equipment needed is shovels and wagons, which fits in
well with the requirements of work relief programs. The field
men of the State Mineral Survey'™ reported numerous localities
where pits have been or could be opened, and no doubt there are
others not reported. The following table is compiled from the
records of the mineral survey.

TABLE XIII
Roap SHALE REPORTED BY THE STATE MINERAL SuRVEYLS1

Location Formation Length Width Thickness 121‘;'?11;m Remarks
Section feet feet feet feet
T. 23N., R 12E.
NE; 26 200 150 5
T, 23N., R 13E,
NE% 2 200 100 9 Now used
SE NW 22 200 150 15
T. 23N., R 14E.
SE SW NW 4 100 25 4 3
Center N% 5 2,000 500 15 :
NW NE NE 5 500 300 25 0
C SE NW 8 500 150 10 8
SE SW NE 29 150 40 5 (]

* Ttalles by M. C. Oakes, indicating revised classification:
150. Works Progress Administration project No. 65-65-538, sponsored and directed
by the Oklahoma Geological Survey, 1936-37.



142 TABLE XIIT (Continued)
Over-
Locatlon Length Width Thickness burden Remarks
Section Formation feet feet feet feet
T, 24N., R. 13E.
Center SE% 5 Nellie Bly 200 6 5
C. S% SEY. 9 Nellie Bly 150 200 5
SE SE NW 10 Nellie Bly 300 100 6 02
SW SE SE 11 Coffeyville 300 100 15 0-3
SE SW SW 28 Nellie Bly 300 200 8 2
W14 Cor. 28 Nellie Bly 400 150 10 3
T. 24N., R. 14E.
NE NW NW 6 Coffeyville 300 25 6-8 0-10
SE NE SW 8 Coffeyville 500 100 10 5
NE NW NW 20 Coffeyville Shale pit.
West side 21 Coffeyville 2
T. 25N., R. 12E.
NE NE SE 35 Wann 100 50 3
T, 25N., R. 13E.
S, SE SW 1 Nellie Bly 300 200 15 1
NW NW NW 3 Nellie Bly 150 3-20 0-10
SW SE 4 Nellie Bly 300 150 5 1
N4 Cor. 13 Coffeyville 100 3 1
SW SE 15 ? 55 75 30 6
SW corner 16 Nellie Bly 320 75 30 3
NW NE SW 30 Nellie Bly 75 5 0-3
NW SW SW 34 Nellie Bly 100 75 312 3-10
T. 25N., R. 14E.
Center 7 Coffeyville 160 ‘ 3 8
% mi. W Cen. 16 Coffeyville 500 500 15 1
W14 corner 16 Coffeyville 300 150 8 1
S¥% NE NE 21 Coffeyville 500 500 6 0
SW SW SE 32 Coffeyville 75 65 3 3
: T, 26N., R. 13E.
SE SE SE 8 Nellie Bly 100 ~ 50 15 5 Used on road.
T. 26N., R. 14E.
SY% SW NE 9 Coffeyville 2,000 100 10 1-10
' T. 27N., R. 12E.
Cen. SW 13 Wann, lower sh. 50 50 6 0
S14 corner 35 Wann, lower sh. 350 100 25 10
NE corner 35 Wann, lower sh. 1,320 100 3 15
SW corner 36 Wann, lower sh, 1,320
T. 28N., R. 12E.
S of center 23 Below Okesa ss. 200 300 20 0
T. 28N,, R. 13E.
NW NW SE 2 Wann 400 90 10
NE SE SE 8 Wann, upper sh. 150 15 15 1
W4 corner 9 Wann, lower sh, 100 85 7 2
SW NW NW 33 Wann, lower sh. 500 500 6 6
- T. 28N, R. 14E.
Center SE 9 Wann, lower sh. 600 400 30 3
T. 29 N,, R. 12E.
NE NW NE 34 Wann, upper sh. 200 90 15 3
NW SW SW 35 Wann, upper sh. 75 30 2.8 08
T. 29 N,, R. 13E.
SE SE SW 21 Wann, upper sh. 300 200 15 2

151. Jdem.
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SAND AND GRAVEL

Sand and gravel are conspicuously absent in Washington
County. The State Mineral Survey'® reports no sand and only
two gravel deposits, one a deposit of sandstone gravel in the NW4
sec. 1, T. 23 N, R. 13 E., estimated at 1,300 cubic yards; overburden,
2 feet; thickness, 7 feet. No screen analysis available. It was the
writer’s observation in the county that sandstone gravels are too
much weathered and soft to be of much use as a building material
or road metal.

A deposit of limestone gravel is reported in the SW; sec.
28, T. 27 N, R. 14 E., estimated at 40,000 cubic yards. No screen

analysis available.

The lack of good gravel can be amply compensated by crush-
ing limestone which is plentiful and well distributed. The Check-
erboard limestone could be depended on for small amounts locally,
say for bridge work and farm buildings. The Hogshooter and
Dewey limestones offer widespread opportunities for small quar-
ries, and in most places sufficient stone can be picked up loose
to supply local requirements for many years. It is possible to
prepare an artificial sand by finely crushing both limestone and
sandstone, but the cost should be carefully compared with the
cost of good sand from commercial sources.

COAL

Several thin coal seams occur in Washington County but so
far as observed none of them is usually more than a fraction of
an inch thick. They are discussed below in ascending order.

The lowest coal seam that crops out in the county is at about
the horizon of the Cedar Bluff coal of Kansas, and in Oklahoma
lies about 40 feet below the top of the Coffeyville formation. It
is usually less than 0.1 foot thick and so far as known is not thick
enough anywhere to be of any economic value. '

One or more coal seams occur in the upper shale zone of the
Coffeyville formation, usually less than 10 feet below the top.
No production of coal from this zone was noted in Washington
County but one pit was seen in Nowata County, sec. 30, T. 27 N,

152. Idem.
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R. 15 E., where the coal was 1 foot thick and had been mined
to supply fuel for a nearby farm house.

The Thayer coal member of the Chanute formation of Kansas
extends entirely across the county but is seldom more than 0.1
foot thick. It is 1.5 feet thick in the west bank of Caney River,
NW!4 NEY sec. 1, T. 25 N, R. 12 E., but has several shale part-
ings and is probably unfit for use. It is about 0.5 foot thick and of
good quality in the SWY4 sec. 12, T. 25 N,, R. 12 E., where it is

mined for use at a ncarby farm house.

Coal is found from place to place in the carbonaceous shale
member of the Chanute formation, 1mmed1ately below the Paola
limestone member of the lola formation, but is nowhere thick
enough to have any practical value.

OIL FIELD BRINES

Large quantities of oil field brines are going to waste in
Washington and adjoining counties. In other counties such brines
have been used experimentally in road building, for base stabiliza-
tion and to prevent dust. The hygroscopic chlorides hold mois-
ture and tend to keep dust from forming.

Oil field brines are mentioned under the section on Mineral
Manufactures as a possible source of material for a chemical in-
dustry. In 1934 and 1935 a plant in the vicinity of Tulsa, operat-
ing on oil field brine, placed Oklahoma in second place in the
nation in the production of magnesium salts.'™® Table XIV gives
analyses of oil field brines from Washington County. These analy-
ses were supplied by the United States Bureau of Mines and from
private files.

153. Minerals Yearbook, U. S. Bureau of Mines, 1937.
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TABLE XIV
AnaLyses oF OiL FieLp Brings From WasHINeTON COUNTY

Source of Analysis 2 2 2 3 3 3
Sand Below Miss. Miss. lime Burgess - Bartlesville

Location T.ngrli%., 24N., 14E. 26N., 13E. T. 25N., R, 12E.

R. 14E.
Radical Parts per million
Calcium (Ca) 1,983 2,532 3,376 6,238 7,543 7,648
Magnesium (Mg) 1,128 1,451 1,313 1,681 1,466 1,411
*Sodium (Na) 26,563 22,629 43,863 36,229 87,435 37,314
Bicarbonate (HCOs) 137 105 521 187 285 66
Sulfate (S0,) 888 67 83 169 183 212
Chloride (Cl) 47,060 43,680 76,960 71,611 75,085 75,010
Total solids 77,7172 70,602 126,160 116,115 121,997 121,661
Specific gravity
at 15.6° C. (60°F.) 1.0864 1.0918 1.0891
Date 6-13-18 5-25-18 1.3-18 - 1935 1935 1935
Source of Analysis 1 1 2 1 3 3
Sand Bartles- Squirrel Peru Wayside Wayside Wayside
Location T.Vii’l.%'el’\l., 26N., 14E. 26N., 13E. 2TN,, 13E. 28N., 14E. 28N., 14K.
R. 13E.

Radical Parts per million
Calcium (Ca) 3,947 2,725 3,524 3,516 3,120 3,220
Magnesium (Mg) 2,252 1,672 1,511 1,187 925 690
Sodium* (WNa) 33,194 23,687 22,766 24,211 20,000 21,000
Bicarbonate (HCOs) 67 235 125 79 105 g5
Sulfate (S0.) ... 1 3 62 115
Chloride (CD) 64,713 46,097 45,760 46,983 39,160 40,100
Total solids 104,173 74,417 73,870 75,976 63,340 65,300
Specific gravity

at 15.6°C. (60°F.) 1.073 1.053 1.051
Date 2-10-38  11-12-29 1-3-18 2-10-38 1926 1926

1. Analyses supplled by the U. S. Bureau of Mines. 2. Analyses supplied by Empire
Companies, Chemical Department. 3. Analyses from other sources.
* May include a small amount of potassium.
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MINERAL MANUFACTURES

PortraND CEMENT

The Dewey Portland Cement Company operates a plant at
Dewey, Oklahoma, using Dewey limestone as raw material. The
plant has rail connections with the Missouri, Kansas and Texas
Railroad and with the Santa Fe Railroad. Products are portland
cement, masons cement, high early strength cement, fiber cement,
and crushed stone. The capacity is 5,000 barrels of cement per
day, (four sacks or 376 pounds per barrel).

The plant was originally built to use gas for fuel but with
the decline of gas production in the vicinity coal has been gradu-
ally substituted. The Dewey limestone is about 25 feet thick and
1s composed of limestone beds of high purity interbedded with
calcareous shale. At the top limestone beds are relatively thick
and shale beds thin, but the shale beds are more prominent in
the lower part. The limestone and shale are mined together with
steam shovels by the open pit method. The material is crushed
and separated by screening into two parts, one high in lime, the
other low. The two parts are mixed in proper proportions to
make the desired product. By regulating the depth of the mining
operations there is no excess of either lime or shale. The mixture
is burned in large rotary kilns fired by pulverized coal and the re-
sulting clinker is ground to make the familiar portland cement of
Commerce. Special cement which develops less heat in setting,
for use in massive concrete structures, such as large dams, is made
by adding iron and silica. Small quantities of other materials are
ground with the clinker to hasten or retard the rate of setting, or
otherwise fit the cement for its various uses.

SMELTING

The National Zinc Company operates a smelter in the west
cdge of Bartlesville, It has rail connections with the Missouri,
Kansas, and Texas Railroad. The bulk of its ore comes from the
northeast part of Oklahoma, some from Missouri, and a minor
amount from the western states. Products are zinc, sulphuric acid,
and cadmium. |
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The standard process is used. Zinc sulfide ore (ZnS) is roasted
to remove the sulfur, which unites with oxygen to form sulfur
dioxide gas. The zinc also unites with oxygen to form zinc oxide,
which is charged into retorts with the amount of coal necessary
to effect its reduction to the metal. Six blocks of gas fired retorts
are in operation. Cadmium is collected from the roaster gases by
passing them through bags similar to the bags of a vacuum cleaner.

SuLruric Acp

The process used in the acid plant is as follows: Gases from
the roasters, containing a considerable amount of sulfur dioxide
and an excess of air, are passed through drums filled with tungsten
zeolite, in the form of pellets, which act as a contact material
or catylist to convert the sulfur dioxide to the trioxide. The
sulfur trioxide is then absorbed in concentrated sulfuric acid to
make fuming sulfuric acid or oleum. Oleum mixed with water
makes the sulfuric acid of commerce. Processes like this in which
- a chemical reaction is effected by the presence of a substance, such
as tungsten, zeolite, which does not itself enter into the reaction,
are called contact processes and the reaction-promoting material
is called the catylist.

Concentrated sulfuric acid does not affect iron containers ser-
iously, especially if the containers have had certain preliminary
treatment, and concentrated acid may be shipped in steel tank cars
similar to those employed for shipping petroleum and its products.
Sulfuric acid diluted with water rapidly attacks the metal of such
containers and consequently only the concentrated form is usually
shipped, the user diluting it as required.

OTtHER PoOSSIBILITIES

Sulfuric acid, limestone, and common salt are the bases of
many chemical industries and all are or could be preduced in the
county. Sulfuric acid is used in the manufacture of superphosphate
for agricultural use. Rock phosphate is ground and mixed with
the acid in proper amount to convert the phosphorus to forms
more available to plants. Deposits of rock phosphate in the vicini-
ty of Bartlesville are lean but a small supply of high grade material
might be developed which could be converted into superphosphate
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for local use. It would be technically possible to use salt recovered
from the oil field brines to make hydrochloric acid, soda ash, salt
cake, glauber salt, sodium silicate, and many other products. The
small amount of calcium and magnesium chlorides would be of
value as byproducts. Other chemical manufacturing would be
technically possible from the mineral raw materials available.

Any utilization of these resources will depend on availability
or development of markets.

WATER RESOURCES
SurRrFACE WATER

It 1s not difficult to secure small supplies of water from under-
ground sources and relatively large wells are reported in the allu-
vium of certain streams, nevertheless, with the possible exception
of T. 29 N., any really large supply, on the order of 100,000 gallons
or more per day, must be secured from surface sources. Caney
River has been the main source for such large supplies to date,
but in the driest weather of the last few years the river has almost
ceased to flow. Fortunately, the clay soils of the county seem to
be sufficiently impervious to permit the use of large earthen stor-
age reservoirs and, should the demand for large supplies of water
increase, such reservoirs probably offer the best solution.

UNDERGROUND W ATER RESOURCES

No systematic study of the underground water conditions
was undertaken in connection with the present investigation. Data
on 770 rural water wells and springs were obtained by crews of
the State Mineral Survey, filling in a questionnaire at each farm
house visited. Results of this survey are summarized below, and
the data are tabulated in Appendix A.

The Noxie sandstone member of the Chanute formation seems
to offer the best possibilities for developing supplies of under-
ground water in the county, and the writer made a study of its
subsurface distribution and thickness from logs of wells drilled
for oil and gas. Results of this study are summarized in Figure
19, and in a subsequent paragraph.
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Data obtained by the State Mineral Survey'™ are not all that
might be desired for a scientific study of underground water con-
ditions, having been assembled by untrained, relief workers, de-
pending on the memory and opinions of farm owners and tenants.
The mass of information available and the rather definite nature
of some of the inquiries, however, should give a fairly good idea
of average conditions, and the data are included here in the hope
that they may be useful to residents of the district. Information
on depths should be fairly reliable since most wells in the district
are equipped with bucket, rope, and pulley. The estimates of cap-
acity are very rough, being in most instances little more than the
farmer’s guess, and are of value only for comparative purposes,
while the information on quality of water represents only the
opinion of the user. The reports on the effects of drouth should
be reliable, since people depending on wells for water supplies
would be extremely conscious of their failure, and the investigation
was made during a protracted drouth.

Identification of the water-bearing horizon, or aquifer, of each
well is made from data on the depth and location of the well
together with information on the aquifer contained in the ques-
tionnaire. Many of these identifications are approximations only.

The data on underground water resources contained in this
report should be of use in attempting to supplement existing sup-
plies, or in finding new ones, by drilling to deeper water-bearing
horizons. The productivity of different aquifers has been roughly
evaluated, and the possibilities of water from, and the probable

depth to deeper horizons can be determined from the tables in
Appendix A and Plate II.

Washington County 1s rather widely supplied with under-
ground water in small amounts. That is, the wells are well distri-
buted but each well is likely to be so small as to supply only enough
water for one family, and perhaps a few head of stock. Table XV
is a summary of the data contained in Appendix A. It will be
noted that the alluvium has the greatest number of wells producing
from any one aquifer. Likewise the average capacity is more

15¢. Works Progress Administration project No. 65-65-538, sponsored and directed by
the Oklahoma Geological Survey, 1936-37.
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than double that of the next highest. Many alluvium wells are
quite small, the high average capacity being due to comparatively
few extremely productive wells. The high percentage of hard
water wells is noticeable, and only in “the Okesa” and Torpedo
sandstones does soft water predominate. The Torpedo sandstone
is further notable for the large proportion of wells which show no
change in extremely dry weather. It appears that the shales of
the Wann formation are relatively barren as a source of water.
The Cottage Grove sandstone equals the Torpedo sandstone as a
source but the water is much more apt to be hard. The Dewey
limestone is noticeable for the high proportion of wells which fail
in drouth.

TABLE XV
AouiFers IN WaAsHINCTON CounTyl9%

Average No Change

Number Capacity During Quality
Formation of Wells Gallons Drouth Soft Hard Rock
Reported Per Day Percent Percent Percent
Alluvium 191 1,800 75 28 72  Sand and gravel
“The Gkesa” ss. 10 790 40 70 30 Sandstone
Torpedo sandstone 97 260 97 75 25 Sandstone
Wann formation 19 170 44 10 90 Limestone and
‘ limy shale
Tola formation 5 562 60 0 100 Limestone and
shale
Chanute formation
Cottage Grove sand-
stone member . 87 390 76 31 " 63 Sandstone
*Noxie ss. member 3 2,000 100 100 0  Sandstone
Dewey limestone 71 215 25 0 100 Limestone
Nellie Bly formation 108 145 47 27 73  Silty shale and
sandstone
Hogshooter formation 9 230 56 0 1060 Limestone
Coffeyville formation 147 470 51 41 59 Sandstone and
sandy shale
Seminole formation 25 185 44 28 72  Sandstone

* See Figure 19.

Noxie Sandstone. The Noxie sandstone, not considered in the
above summary, should be an excellent aquifer across T. 29 N,
but usually the existing wells are too shallow to reach it. Only
three wells reported seem to produce from the Noxie sandstone.

155, Summary of Appendix A.
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All produce soft water. One is rated at 3,000 gallons per day, the
others as “unlimited.” All show no change in drouth. Figure
19 gives the areal distribution, depth, and thickness of the Noxie
sandstone as determined from available oil well logs. It will be
noted that drillers report fresh water in this sandstone almost to
the Osage County line. It might prove feasible to develop suf-
ficiently large water supplies from the Noxie sandstone to serve
the small towns in the north end of the county and for supple-
mental irrigation of gardens and feed crops.

Municipar. WATER SUPPLIES

Analyses of water given below were supplied by Dr. O. M.
Smith, head of the Department of Chemistry, Oklahoma Agricul-
tural and Mechanical College, Stillwater, Oklahoma.

TABLE XVI
CHEMICAL ANALYSES oF MuUnicipAL WATER AT BARTLESVILLELS6
Raw Warter FroM CANEY RivER

35 Samples

Combinations avernge U e T i Gbeaea sioaest
CaCO:; 160 275 100 140 216
CaS0, 42 80 0 62 71
CaCl, 50 367 8
MgS0, 7.5 38 0 14 7
MgCl. 55 206 0 40 99
NaCl 516 1270 32 385 165
Fe.0; 0.2 0.8 0.1 4 2.8
510, 10 18 1 5 3
Total Solids 864 2200 230 650 563
Total Hardness 239 391
Alkalinity M. O, 140 216
Analyst S.E.L. S.EL.
Number W-88 163

156. Analyses supplied by 0. M. Smith, head of Depi. of Chemistry, Oklahoma Agri-
cultural and Mechanical College, Stillwater, Oklahoma.

Bartlesville. The City of Bartlesville is supplied from Caney
River. There is no large reservoir but water is impounded in the
channel of the river above a dam situated under the bridge on
U. S. Highway 75, in the north edge of Bartlesville. In time of

extreme drouth water almost ceases to flow over the dam, and



recently it has been necessary to supplement the flow of the river
by water from Lake Bar-Dew, a small lake built as a relief pro-
ject on a tributary of Caney River above Bartlesville. Until re-
cently, the water system at Bartlesville was owned by a utility

MUNICIPAL WATER SUPPLIES

corporation but is now owned by the city.

Analyses of samples from the intake to the purification plant
are given in Table XVIL.

TABLE XVIL

CHEMICAL ANALYSES OF LocaL WATER SUPPLIES AT BARTLESVILLE!S?

Hypothetical
Combinations I I I

CaCOs 216 99 220
CaSO0, 84 119
CaCl; 192 217
MgCOs 4
MgCl. 52 12
Na.COs 18
Na,S0. 105
NaCl 43 61 285
Fe:0: 3 11.4 04
Si0: 10 7 20
Suspended Matter 12
Total Solids 440 506 1,046
Total Incrusting Solids 660
Total Hardness 269 339 565
Alkalinity M. O. 286 99 220
Analyst S.E.L. S.E.L. 1F. Co.
Number W-269 102 12308

157. Idem.

I From Hill Crest Country Club, private well in alluvium, date, January 27, 1935.
II From laundry, private well in alluvium, date, March 19, 1931.
T From O. K. Laundry, private well in alluvium, date, August 29, 1927,

Dewey. The town of Dewey is supplied with raw water from
Caney River through the pipe line of the Dewey Portland Cement
Company. It has been used raw for fire and sanitary purposes,
but steps are being taken to install a treating and purification

plant. Drinking water is obtained from private wells.
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Ramona. The town of Ramona is supplied from two wells in
alluvial gravel in the valley of Double Creek. One is 25 feet
deep and 25 feet in diameter and the other 16 feet deep and 8
feet in diameter. The system has a storage capacity of 65,000
‘gallons. The supply seems to be adequate except in extremely

dry weather. Analyses of samples from Dewey and Ramona are
given in Table XVIII.

TABLE XVIII

CHEMICAL ANALYSES OF WATER SUPPLIES AT DEWEY AND RAmMonal58

Hypothetical

Combinations I 1I I v
CaCOs 182 295 73 98
CaS0O, 148 256
CaCl. 106
MegCOs 8 43
MgSO, ' 48 61
MgCl. ‘ 48 19
Na:CO: 9%
NaSO0. 44 127
Na(Cl 430 95 285 63
F e20: Tr. 1.6
Si0, 22 20 4 20
Suspended matter 8
Total Solids 1170 556 796 330
Total incrusting solids 506 - 331 380 241
Total hardness 441 304 316 21
Alkalinity M. O. 193 393 129 151
Phen. 0 G 0 0
Analyst 0.S.B.H. L¥. Co. D.C. Co. 0.S.B.H.
Number 22545 12351 138020 25544

158. Idem.

I From a shallow well at Dewey, probably in Cottage Grove sandstone, date, Feb-
ruary 17, 1932,

Il From a private well at the corner of 8th Street and Osage Avenue in Dewey,
probably in the Cottage Grove sandstone, date, September 8, 1927.

III Raw water from Caney River as supplied to Dewey, date, March 27, 1931.

IV Composite sample from two City wells at Ramona, in alluvium of Double Creek,
date, May 17, 1932.



APPENDIX A

PRELIMINARY WATER WELL DATA
IN

WASHINGTON COUNTY™™

159. Compiled from records of the State Mineral Survey, Works Progress Adminis-
tration project No. 65-65-538, sponsored and directed by the Oklahoma Geological

Survey, 1936-37.



GEOLOGY OF WASHINGTON COUNTY

UM, BPI “ [0aBaId 1jo8 AIp €l a3 8% anp g1 M8 HEN L
UoSIIE ‘M ‘M » 194u:d 1308 £Lip 0¢ 23 T dnp 31 ME M8 )
o118.8) sowmref “ ICIY pavy 23uBygo ou 08 61 03 dnp  T1 a8 38 e
aoseag pLorg wniane 10A8Ig prey aSuryp ou 00% ¢ 0Z 3np 1L M8 EN 12!
pojtodax joN o auU0ISpuBs 1308 99 099 8 8T 8np o1 g8 M8 eI
TOS[IM "I 9O[[1Adoegy0) auo)spuss 1J0s 08 008 01 i Sop o1 HS M8 (48
Janjany ‘M D A1 2NION QUOIBPULS 3108 AIp c3 8% 0ge Snp L M8 MB it
PI0OI%H leqiv ‘ Buo}sam|] pavy 574 08T 8% 0g dnp g MN M8 01
uBdIop ss0y : auo0)spuBs piey %3] 097 12 %5 np g MS F38 6
SN H "M 0« euolspues bisy 9¢ 09¢ 31 03 np g IN M8 8
JAININ 'H "M e1a£s3300) aU0IEPUBE pasy aduryo ou 099 1 91 Jnp ¢ N 98 L
TN A "M « JUOISpULs prey ¢ é 8¢ 0% inp ¢ N a8 9
WI0SeW "W ‘D p oU0IEPULS pasy 092 008 IA 0z anp g N MN g
s1ARQ T I o« euo}sawi| pIey L1p 14 8¢ e snp g N HN ¥
weadild uyor B eu0)SOWI] paey L1p 0g eg og anp g 48 UN t
weId[g uyor 0“ 0S| pIey Y 00¢g 02 [1)7 np g s 1S [
IgYony, ‘I aN[1a49]]0)) QUOIEPUYS 1Jo8 a3uvyo ou 00¢g 0g 0% 3np i ON MN I
[ - . .
ALNNOD NOLINIHSYM “d €T Y “N €2 'L
dBylerg Csv) “ . WO 3Jos Lap 08I 6L 6T anp 9g MS MS 61
Jouweg ‘I D v . euO0)sAULL] p1ey AIp 019 cZ 97 inp 9g MN MS ST
qQUOdMeN "SIY w 9U03SOW] piey £1p  00% 08 00T POlIP 9% MN I8 i1
uomn 'Y ‘g e “ QUOISIWIT] pIey adjuvpo ou 002 b 1 snp 9g MN M8 91
8123p0yY uTN ‘e » SUOISAUL] pasy AIp 021 3 ez dnp 9g MN AN 1)
‘00 1503y

P UL 1USlqrYy . “ QUOISaUI]] plgy £L1p 001 b (¢4 anp 9% AN MN 3
UOSUYOLr W ‘M e “ AUO0ISpPUBS 3JOs e ejarduioduy 1z €% anp 98 s 4s €L
UBWOBIT "M 'D “ . uMspues pasy ofuByo ou 0881 0% 118 3np ¢g UN MN a1
wBweNBld "M D v p QUuO0ISpU LS pary a3ueys ou 008 0z 93 poilp gg N MN IT
pelroder 20N « ‘“ ouolsaw] Pary 0L 0L9 A4 or 3np cg a8 EN 01
uosIBad ‘sy H £1g olIlaN fuojsauy] piey 0g 0.2 03 12 3np  cg 9s A8 6
U D ‘M WnANY LA 1308 adueyo ou 00002 03 g8 PelilIp 97 UN JEN 8
SI8A9I] UOSIMTH wnAngre pues Joanl pIiBy odueyd ou 003 A 81 PIIIIp 9% oS MN L
ddepy 1 D WNANE puesyomnb prey adusyd ou 0001 I [ 3np gz S A8 9
ddeip ‘g 1 wWnANe puesyaId (Luoaj) paey adueyo ou 08 %4 12 paf[Lap 9% S MS S
JoNBAY ‘T 'Y A1d 91[eN SuOISpUES paey a3uByo ou G A o1 3np g3 HS MS ¥
UBWAON ‘H "M mmiangre 8moIs3 W] preyg 0L 002 1] 148 dnp g1 MS I8 g
qouey e “  a suojsawr] pasy 003 00% oz 0¢ anp g1 AN M8 g
o pejrodax joN S| JUBAY JUOJSIUL[Y pIey adueyo ou 0001 Aupads 1 N TN I

UOTYRULIO oIy J9)eM JO WINoIQ  [BULION Is)BMm [el10T, es Jo ‘ON

IsusQ saonporg L11rendy Avp 1ed suoTIE3 0} ad&y, ‘'oog uopBooT mem

434100V PAREIRY  Apomrdep porewysH (1eeg) wdas(

156

AINMOD NOLONIHSYM “ 3T M “N €2 'L



157

DATA ON WATER WELLS BY TOWNSHIPS

PpPUURS 'd M S111A40330D auo}sIWI] prey L1p 02 18 9% dnp 8 us s 6

‘00D AU Ujoouyy o« QUOISIULL] pIvy aduryo ou 0008 0% 09 dnp 8 g8 dEN 8

I 20K s ouo0lspuUEs PiBY 00¢ 0001 £ cg dnp 9 HN dN L

a1 80f wnjaAngre suQispues PIEY adusyo ou 008 61 63 3anp g MES MS 9

PpolIodar JoN STOUWRS o[eys MOBIQ paBy adurya Qu 002 9 dapads ¥ 8 MS g

JI91d0) 1Ty o [eaB1d paBy adusye ou 0001 8 Gl 4np ¥ MS MN ¥

Hoping Xifod . 194814 PIBY aduryo ou AIp 4Ip 0g PoTIlIpR 4 MS HS 4

UM S H o [CEERE pasy adusyd ou 009 01 8% palllip 4 HN N 4

ApooOpA BV wniAn[ge 19AL23 pisy aduuyd ou 006 91 03 anp ¥ N MN I

L1 » [ .
AINNOD NOLONIHSVA "d %1 'H "N € L

ue) f I wmnjanjje 1eauld pasy e3usys ou Q¢ ST AT anp 98 MS MN T¢e

‘o) ‘jsoauy Iuywryq o[NALajjoD EYOLEEYTH ¢ d4s Aap 08 92 8% dnp 9§ AN MN 0g
uwEm T I « 19403 paIBy afueyd ou 003 08 1 anp 98 U8 MS GF
SIIM "I 'V o leaBad pIBY Lap Gl 23 a2 3np Ge IS M8 34
sqqnis wnrange aUOIspUBS 1308 . LIp 03 02 3np ¥8 N 38 v
IP8UsUOT J9IBAA arjlafajyon 9uUQ)spuUBs pley asduuys ou 2 61 02 Jap eg MN AN 9%
{oopRH Asuieqg “ ¢ enuvild piey aduryd ou 0003 9 [ 8 anp (4 MN N 94
{1BpooOM. WO o ¢ eyueid paey aguvid ou 0028 9 9T perlip 2§ MBS M8 4
paozin ‘M L “ ¢ ejueld pIey ajupyd ou 0% £% 9% dnp 4 MN MN £v
JqHUH 9 L 191001 S50H -AUO}SOW] { pley £1p jou 00T 137 44 anp 8% TN MN P43
S8 uBLg . AUOIEPURS paey ajdueyd ou (44 It er anp 8% s 18 ¥
A9xBI T A o QUOIEPULS 3308 agueya ou Ge 11 ! anp 82 s HS 0¥
_Usiq nod ‘ uolspues 1108 £L1p Gé 8€ 0¥ anp L3 AN 38 68
Ioqeq HIMSA “ 9u0)sIWIL pIBYy £1p 4 1 ¥e 82 dnp X4 MN MN 88
ujaang v 4 QuolspuULs j3os aduByo ou 08t a1 12 8np 24 MS MS 18
apsie) ‘B [ a[[A48330D) Quojsewl] pIvy (134 003 £3 Ge anp 9e MS MN 9%
PIQSUIWIWNH I A\ “« 194813 Apuus os cl 06% ¥1 81 anp i MS N ce
uospasyaty wniAn[ie  [9A8LE fpues 1308 0c 003 P1 8I 3np €3 MN HS 78
s3ng wiNEIL " QuUOlseUI|] paey Lap 008 8¢ 0g np 4 N MS g€
sng  UljIBR| 0" QuolselLI] pI%y 08 00% A 8T anp ag N HS 45
uosod png A[1aA83J0D QuUOIsaW || paty 93uByo ou Lap AIp 81 3np $Z MN M ig
o f 0 muAngje [earad 3308 93ueyo ou 003 8T 0% anp 44 S MN 08

118 ‘A o« auolsawl] pasy eduryo ou £1p 0% 08 anp 4 M8 MS [i14

1w1dey 'H o« 2u0sIWY] prey eduso ou £ap (44 22 anp 8% HN HS 8¢
pajiodel 0N - usouwyun 3308 0001 0008 4 It PO1IHP 12 N MN 12
o718d A o oUo}spuUvs 1308 0ST 00¢ 92 0g anp 91 HS IN 9%
yseN PH o« |uoIspues pIey adueyd. ou 08T 85 0E pojL1Ip ST MS TN G2
S[eM Usg ‘« JUOISPUES pIey 00% 0001 91 02 Aup [ 1 HN EN PG .
S[[eM Usd a{[jAa493300) 9U0ISpUTS pagy Adp 008 9T 91 dnp 1 8 IN N £6
ysiq uyor Ald OUIN |au0lEpuULs 1308 00T 00§ 21 91 3np o1 MN MN 44
odnH H a“ auojsaumlI[ paBy edusyd ou 0001 el 81 Snp 4! 3N IN 13
81898 W ‘M oN1A49330D CRLtS 1308 £ap A1p &1p 02 gnp g1 MN AN 02
eqdws) 'y ‘P o pues 1108 aduByo ou 0068 8¢ 0g anp g1 a8 J8 61
WOSTIA ‘£ "M " 1eanad }jos 83uBYD oU 0cr 11 8T pPa{IIIp 21 HN MN ST




GEOLOGY OF WASHINGTON COUNTY

168

PIOITID T "M wniange |uo)sawi] piegq e3uwya ou 6000T ST 03 anp g1 as MN g
Sl H 'Y wnanye auojsemi] PaBy eSueyd ou 40s 4 0% anp 11 s IN ¥
5D T a wmnrAnyre 104813 paey Aip G% 02 12 np 1 MS M8 g

Fusulg "q g “ 9U0IEo]] piey L1ip 01 ¥8 b1 Bnp 1 AN HS8 g
J2ULY, °f Aama( QU0}SonUYf pley sdueys ou [£+4 bA % dnp I s 48 I
. [ 1Y . (3 .
ALNIOD NOLONIHSYAM “H 2T "M “N %2 "L
HOOIUYSY ‘ST UInAN[[e 194813 ] a3uryo ou 00F 02 93 anp  gg MN EN 44
sAIy W v QU0ISpUES 1308 e3uByd ou i 0% oF gnp gg MS MN 1%
18ANOI ' joufwag euojspues 1308 003 oS L 0% dnp  gg HN °N ov
PUBMCH ol11449330) ouojsewmyf piBY 00T 008 14 03 Sonp I8 MN MN 6t

BRI D D . QUOIFOW]] paey 001 007 k43 (4 Polllap  ig ME M8 8¢

BRI D D “ euojseu|y pasy (114 003 81 8e A1 0101 R & 4 ME MN L8
dwreye19y p 2u01senI|] pIsy 003 00¥ 1) ] perip I8 aN HN 9t

Yosig wir ” ouojsemry (JI0JIns) pPIey 00t 00z x4 eg amp g a8 as gE
X8 yueiy . emo)senl] paey 0s 003 LT 0% anp 08 BN MN ¥e
JIeodursduoy v eumosownyy  (£17es) pIwvy 930BYd ou e 0¥y ] POTIIIP 63 MS MS 34
DIBHO[J WOT aouIUIeg ouo)sSpuUBs 1308 esurgo ou [+ 6T 03 snp 62 HS B GE
1BH I "% WNTANJ[R QUO0YSIW]] pIsy 001 002 02 0 3np 62 N 8 is
meH “T & wnjanye QUO]sBUIT} 3J0s g 00T % 08 anp gz N 4S8 0g
QUBY ALowy umnyangye 104813 pIvy sduryy ou 00T T ez Snp 8% M8 M8 63
uooed ‘g I umpaniye | CLYAE] paey e3uvyd ou 00% 01 03 anp gz N MN 8%
I9X0H °f « 3Jos aof 4 0 ¥ dopds 1z s M8 L2
pajrodsx joN “ auo)seuly -paey aduvyo ou 001 8T (134 PIIHP 1% AN HS 9%
pajrodax joN roupmegy am0}sIUII| piBy edueys ou 0s 01 09 PATLIP I3 MN IN g3
I®H Yy wniane OR0]Se W] pIey oduryo ou 008 4 08 anp g1 as MN 24
‘0) "sul eJIf Hoocouel v 9uojspuUBs pIBy e3uero ou 00G (133 1414 anp T 48 UN £2
pajzodax jon v OUOISATIY pavy Lip 0Z S cg anp 11 MS T8 %G
eqdws) v D o ouojspues pIByY 001 005 8 a1 Snp )1 100 HN 12
'0) UBOT BUPY “ ouojsau|| prey edugys ou 003 08 GE PeIiip 91 HN N 05
ddeig 09y ‘e ¢ Ingdins j308 e3uByd ou 009 0T 8T dnp 91 MS 48 6T
PpoL ugofp . auoysawlL baey e3uwy ou 003 93 e peliap 91 MBS MS 8t
19¥00YB WO Bwuy 0 8u01saUI[ pavy 001 00¢ 8 2 anp 91 100 MN AT
lessny « SU0)SIU paey edueys ou 1] ] 43 anp 6 M8 A8 o1
s1equey) AIusy o 9U0}sAWI] pIgg agdueyd ou 03 44 41 PRIIIP 6 MN TN b
BISqUIBY)) AIUag ” - BUOISIWII] pIey AIp 0g z 2 anp 6 MN EN 28
favdmo) uwvoy § “ ouolsomIf pIByY £ip '] et 44 anp g HN MN eI
mosIeyned ‘f 'S " euo)somIy pIByg sdurys ou 0¢g ZI ST anp 13 s HS [
UBLIdNY "H "M s[ouTmag QuojsemIt PRy e3urvyd ou 008 01 03 anp ¢ MN M8 Ti
S[NJT Qor wWnyAnre PUBS JSATX pIEY aduso ou 0001 0z cz anp g MS M8 (1} 4
ToIIBWIo, g woxy JoreM JO nEnoxq TBWION J07BM Te10L ea 3o ‘ON

JoumQ soonpoIg L1180 £ep xod suoresd 0} odLy, ‘'ooy uo11820] TeM

YT II100V eAnePy  Lyowde) pojvwunsy (jeoy)  wde(

PANURUOD—XINNOD NOLONIHSYVM “d #T *d “N €8 I,



159

DATA ON WATER WELLS BY TOWNSHIPS

seong q °f wnaAnire ToA8I3 1308 edueyo ou 00g 01 ¥L dup L N MN 98
SBONT "M "D « “ auosewI] paeyq e3usys ou 00§ G2 cg anp ) MN HN Gg
EBoVY ‘M D A1dg olIBN auo)seuI]] di3 aguryo 0u 009 0g b pellIp L MN EN ¥3
Ys0IaPeN SUIINH Lome jz0dad ou paey 23usB1d ou 00g 91 03 Jnp 9 MN MS €2
o[30 ‘W ‘¥ wnjaugie 194813 pasy eduuvya ou 0009 G 11 inp B MS MN 2%
o150 ‘W H Py P Quo}sai] pIRY 41p 0¢ 81 g% dnp 9 MS M8 12
ysojupovy SullmH “ Py oUO0ISSU[ paBy aguByo ou 001 12 08 pelpp 9 MN MS 08
umig "jAeg 0 “ ouo)sauy] Paey 23uBID ou 05 or 06 periap S MN N 81
ysneqmeldq w{e1sd t“ « QUOISIU]] piBy L1p 009 8 18 Snp ¢ IN MS 8T
.................... A1d ©TIIN auoIspuULs jjos adusyo ou 00¢ 33 0g pelap ¥ IN HN FAS
sgaddndg "} ‘¥ mnysngre JCIYAES 1jos £1p 009 ] 0% anp ¥ ME A8 81
UosS[IM 'V “ QuUO0}spUES 1308 eduEyl ou 009G 3¢ 0g periup € AN EN el 4
Jopieutos "H f o ouolspurs 4 a3unyp ou 009 0g <P periiip € MN AN 21
fusduio) TWBOTT OWOF 8114423300 euoIsSpuLs 1305 ajuryd ou 00% G ez dnp € IS MN er
Iey0BI0AQ PIARA £19 oTIeN 8uolspuBs 1308 Lip 00t 03 (44 3np | § ME HN !
uosurqoy ‘H D «“ 104813 1308 £1p 0oe 9 21 dnp @ N MS 1I
uosuiqoy ‘i ‘D wungAnjre |CEAAE Jos €1 0§ 91 81 amp g M5 M8 01
Auedwo) UvoT oT1144330) auojsaulil Jos A1p 005 6 41 anp 2 MS MS 6
adnoyg sHIF “ 8U0]EpUBs 1308 j10dax ou 00S ¥ €e np @ IN MS g
adnoyg siId e auolsSpPuEs 1J08 j10da1 ou 0§ G2 G anp g MN HS L
UK 'L 'V “ auojspues 3308 edurya oU 00g 15 €% dnp g a8 UN 9
safpug ‘A4 "H " SUOISPUBS 1jos Jaodax ot 00. q1 8% inp g M8 J38 G
sedpug ‘A "H a eu0}sS3WT] pasy edueyd ou 0%g 91 03 np T MS IS i4
UM "M ” ouoisawW([ pIey eduoeyd OU 008 9T G& poflip I s 3N g

Lvg D A o pues 3J0s e3uBYd ou 006T [ 81 anp 1 MS M8 4

ieg ' A o1[14403300) auolsowI] paBY edueyo ou 000T 91 44 paliap T M8 M8 1

. v 3 -
AINNOD NOIONIHSVAM “d €1 ' "N %8 "L
SUTHI®T "A wnraAnye WnAne pasy 4 005 et i sup 98 AN MS 1%
§]49q0y sluuvy ) e 9u07saW|] pIBY edusyd ou 0063 C1 03 paT[LIp 4 g8 das (114
001 €3 g9 PoTIHID

sl 'd f o 9UO0lEIW]] paey eduryD ou pus dnp ¢F AN MN 61

soiqig ‘d I ” ouo)samyl paey A1p 1 92 98¢ Snp bt MN MN 8t
goanyod p auojsautf] p1ey fip ez 8T s dnp oz AN IS 11
fame( auo0jsoury PaBy 0% 4 0T 12 dup 12 s IN 91

a[14TT uuBA\ ouojsamIf paey 91 cg Gl £8 PoIIHP £3 oS MS ST
X00TIM  UTATH : uo)som][ pasy L1p 003 Gg 08 dnp 71 HS @S ¥1
X0oItM 'O wniAngre 194833 piey Axp 0038 03 82 4np €1 ME MS 81
X0OTIM BMIUD “« ToABI3 pisy adurgo ou 0o¥ 8T 82 3np £ ME M8 o1
pIemM 'H ” 1eABa3 pIBy eguuyo ou 008 02 63 petiap €1 IS MN 11
PIBM D “ PARL3 pIBY Lap 06 144 8% 3np £I s M8 01

SIIM 1V Lomag auo)sow]| pIty £1p e 0g 0g anp Gl AN MN 6

Sl d 'V umranjje Quo0)souIl} pIey adueyo ou 00008 Z1 02 snp 21 MS AN 8
........................ ‘e eu0}samI] pIeYy a3ueys ou g ¢ 0% 3np 31 MS TN L

PIOIID T A\ uuem QUOISeLl] pIey Syoom g AIp 00T 0 8 dupds 21 MN M8 9




GEOLOGY OF WASHINGTON COUNTY

sIgag eJavyp auo0IspunRs 1308 83UBYD ou 0§ 1z 0g 3np [+ MN MN L9

uosuyor ‘sip 8ITA40130D JUOISpUES 1308 9guey> ou 009 i 88 Jnp g3 IN d8 99
{ ®Iliasanjavg wumrAnge pues 9308 Aap 14 a9z 82 gnp 14 MS ds <9
WL ‘D f o SUO)SINI] paey Lodea ou 00¢ 82 e Jnp 124 MN MN 79
ueIng *p r 81114431300 Su0}EI W] pIey 23uBYD OU 00§ 61 12 POITHIP e MN MN g9
99T "A UL T 19ABIS paey 83uByd ou 00¢€ 0% ¢g fup g€e N EN 69
SILIRH [Ie)D ” [PaBIZ paty efueyd ou 00g 03 ez gnp ez qs oS 19
wosurqoy J T wnanije [eaR1d (W% A 008 8 BT anp 44 MS MN 09
Uojoy ALIusy e auojspues paey adueys ou 005 i34 08 danp Gé MN MS 66
nosplRuUOd ‘q "Ad o« §§ AvI3 paBsy a3uByo ou 003 0T cY 3np 23 as a8 86
I9iBM "09H S[l4a93J0) aU0)ISpuUBs [ ’zuByYd ou 008 08 44 anp (44 S M8 134
UBwijon-yeny 9 ' WNIATIR pues pIBy aduryd ou 00g 6 02 anp ZZ ME g8 9¢
Aquny, aeip wnin(e 194018 pIeyY afueud ou 007 13 0g anp %3 MS M8 cg
WIPUNLLY "H "M A1g 9NBN 9U0ISAULI[ paey edueyo ou 003 91 08 Snp 18 S MS P8
JOHONL AL M wnrangie [PaeIs paey aduByd ou 003 LT P paTip 1% MN BN €¢
Mojeg eupq o " auojsewmIl pIeY Aap 000T L3 e anp 61 N MN GS
ujqaney T " auosemIf s A1p 0ET §3 ¥e Jnp 6T HS MS 1¢
DIEM 'd 'S o e AU0}SpuULs paey 001 009 01 0g anp 81 MN HS 0§
SUPH "I °'f A1g 97PN Juolsamiy pIBYy 05 0g L 91 gnp 8T HN S 6%
dore) mep Iopjedzzry I [3aeLd 1308 04T 009 0 it aup 8T AN AN 87
dwe) uwp 191194771 wnane I pIey asueys ou 0ce 01 0¢g 3np 81 AMN MN LP
SLIABRH MUurig : auo)sauIl| paeq 4 006 81 ag Jnp cT aIN BN 9%
olItRAg ~ITB[OULY It JUOlsWI] pIey 0CT 002 8 81 dup 1) MS MS 9
Pwe) ‘g4 °f 3MTAL8330D auojsewy] paey AIp 60T 08 cg &np  ef TS M8 ¥y
usneqepod ‘D H whnianre [oARIE paey ajuvyo ou Z b4 8% é I HS IN %
JI81500 ‘e auojsewif pIey a8ueyo ou Gl PI 91 anp 8T MS MS (44
swoy adedq ‘e QuUOlsSpuUBs 3308 sZuryo ou 06 8T 08 dnp ST s Js 1%
uensuy) g L ‘e AWO3SBWIL ey afuryo ou 00¢ 01 02 anp Gl MN MN 0%
IIYBH  BATH < 8U0ISVUIL pIey £1p 003 ¢ 88 PRTILIP g1 MN HN 6€
jesaly Tyor ‘ auolsaml] pIey ogdueyd ou 008 cg 0¢ dnp ¢T AN 38 8¢
SILIRH Yuerqg e QUOIspuUEs 1j08 93ueyd ou 003 é 03 PaIliap [ S N L8
USIMMOJOM  STITIM o114 £8J300 AUOISIUI] pIeyg Hodar ou (134 0% 0g anp IT HS M8 98
H200pYy "H PnvW wniAnge pues 1305 odueyd ou 009 et LT 3np 1T IN HS ce
SHITH YUvljy 814421300 9UO]SaWT] preg adueyo ou 00% 2! 4 anp 01 MN HEN ¥e
SLUIPH Yuelg « JCEYRES 1jos £1p 00¢& 9 [ anp 01 MN AN €8
uojdurgse e wyop wniAnge 0A®RIS pIgy edueyd ou 00% 01 I anp [ a8 MN (44
SIT8Y UM L1 el N suo)sewl] pIey  AfuBD ou 00 & 0% dnp )2 MES AN 1€
IRl d 9of UUBAy JUOISOUIT] paty £1p 003 8T 2Z anp ) ME MBS 0t
IByjerg sofp “ e pues 1308 sdueys ou 0o¢ 0 ¥ Surads ] M8 AN 6%
SI1B98 A "09) L1 oTIeN TMOTURUN paey a3uuyd ou 408 02 0g Snp ) MS N (54
SI1Bag ‘A '090) Loma( suo)sewWIL pIBy agdueys ou 00¢ 0Z 0e paritap ) MS AS Lz
UOTIRWIOJ oLy J97eM JO JUSNOIF  [PIUIoN I91BM 1810% {ea 10 "ON

RELELYy) seanpoI g Anrend Lep xod suoqresd 01 sd{y ‘00§ uo1}BI0 LEXTN

YT AIN0OV Afleey fyoede) parewnsd (3890) mdaq

160

GwsﬂﬁmoovlkﬂEZDOO NOLDNIHSVM “® ¢T "9 “N #2 "L



161

DATA ON WATER WELLS BY TOWNSHIPS

onNI eof umatye [pavad 3308 eduryo ou 008 08 cg anp 18 a8 N T
ueqIy ‘I wmiAnye - puss jJos 23uByd ou 005 03 0g 3np 08 3N HEN b4
9918 ‘W "4 « 2U0}spuUBS pIey a3uByD Ou 0ST 6l 44 anp T a8 M8 18
qoaBy SWBEPY « aU0)SPUBE A1us adusyd ou 3 91 02 Jnp [ AN AN 21
youwy SWEPY o Juospuns 1308 o8UBUD O 008 91 8T Smp 6 N MN IT
£819 "M L - 9U0)SPUBS 1Jos ¥Fuuyo ou 134 0 2 Suypads e MN MN ot
£839) "M L “ ereys 110dax ou Lip 3 9¢ 98 np 8 MS MN 6
T00U2g J9U4[, c auolspues 1308 23uryd ou 001 er 0% 4 -] MN HN 8
pajrodar 10N SIIAL9]I0D auolspues 3308 110dax ou Z (41 038 anp 8 MN AN 2
poatodaa JoN « 8uO0}SAUI] paBy 18 08 18 48 fnp 2 N IN 9
pejrodar JON « 9Uu0}spuEs Jjos 0% 00T 03 92 DOLIAD L MN MN g
pajrodal JON « 8UNPLEBS 1308 oI 001 03 9¢ anp g AN N ¥
1JBi81epued 'V 'H wniane auojspues 1308 jrodex ou 00% 11 29 eI @ MN MN e
Jjewiey H 'S af[1akejJo) 8uo)saull} pIvy j10del ou 4 91 91 mp 9 HN AS &
ey L L wnjAn((e  [e4vid ‘puvs Hos eduvyd ou 00¥% 8T FAS anp 4 MS M8 I
AINNOD NOILONIHSYM “d %1 ¥ “N % L .
Aueqle}y WL « 10488 prey a3uryd ou 9% (414 ¥e PRIIHIP 98 AN MS G6
pejaiodax JON e 104813 pLeR e3ueyd OU 003 92 0g 3np 14 S MN 76
Aolurg ‘e 10481 pIBIL agusyo ou U 63 08 3np 98 as HS £6
diejy wif c« 10aBJ8 pasy afueyo ou at 6% a8 Snp 98 MN ME G6
euoog JmuIng < [9aBLd paey afueyo ou 01 18 Ve PeTIlIP 9§ MS MS 16
polrodasa JO0N wnianis 19a813 1308 q1o0del ou A £ 23 anp 98 MS 48 06
Moy T U alIaderyoD auo3spues 1308 sdoeyo ou 00¢ 98 [Hi 4 4np 9€ MN EN 68
umng ‘T 'H cr 194B1F pIsyg adueyo ou 000% 4 81 3np 14 MN MS 88
aesag T 4 o« auojspues j308 aguByd ou 0001 08 i anp cg MN M8 18
s1weg JO[BAL e easis jjo8 sduByo ou 00005 81 8¢ anp a8 MN MN 98
BIBOS IS)IBM wnanie [eATad 1308 edugyl ou 0001 ey 1 dnp ae MN AN o
20J2WNUOY) JO Hueqd “[18N 1ALe]J0D Quo)spuns 1j08 g3ueyp ou 0¢ 8% 0e anp ce BN MN #8
SWBIIIIM "S¥UD : [eawad 1308 23ueyp ou 001 61 144 anp 1 HN HN €8
pooMudely) 'S "M urmnianye BUO]E6W]L paey £1p 008 68 (1} anp 08 UN 3N é8
[0} "1 'V 19 olleN 9u0lspuUBS 3308 0§ 053 08 14 anp 6% MN MN 18
°[0D I 'V « auoisowmil pisy 1] 001 eI 0% PollIp 8¢ MN MN 08
|[0) I 'V I ouojsewll PIBIL 63 003 61 22 anp 114 MN MN 8l
pojrodal joN « 8uo0}sawI] pavy j30dax ou i 81 oe np 44 MN MS 8z
s {04 « 2u0)spuBs paBy agduuD ou 008 g 0y anp 82 MS IN Ll
S{I0M PIOIBH « auojsow| PI8Y £1p G3 8¢ 0¢€ anp 8% MS EN 9l
Jeagyuedo)y ALIBIN “ au¢]geul]] PIBY £1p 0% 8T %8 4np 8% MS HN ol
UBMOSIOH - WIf ‘e auQjspues 108 edueyd ou 05 81 Ge Anp 8% M8 IN g
eaowey jo &0 « auolspuBs jio8 a3uBTD Ou 4 02 cg Anp 8¢ H8 MS g
flesy "AIN i auojspues 1J08 edueyd ou 0008 81 12 anp 8% MB I8 [
1880y "D « ' emolsduIy] paey efueno ou 008 oI 02 peliiap 13 s d8 L
pojiodel JON “ owo)sew|] pley j10dex oq 4 (4} 0g ABnp 13 T8 MN 0l
SUOF "0 "M wnyAnj 19413 piey o8uByd ou 009 %2 82 Anp cZ MS 38 09
L1042 N "M : QUOIEPUBE 1jos eduvrp ou 008 I 0z pelIp g% AN MN 89




GEOLOGY OF WASHINGTON COUNTY

182

sseddog Loy Lama(g guolsomy| 3308 0¢ 003 8% b1 anp 98 MN MN 63
J20IDEH D 1 Loma( 9U0)sauIy[ pIey 001 00¢ 02 [+ anp ce N HN 85
AQUUINOW I L ToBsm auojsemy[ pIBy 001 003 81 12 anp 9z N 48 13
SYMBH 4BY] UUBA ouo)som][ - PRy A1p 002 é 02 anp 9z AN T8 8%
PIesueH ‘S ‘r dame( auolsomI[ paeqg dap 003 8 Ge snp &3 M8 M8 Ge
SHIA ‘[ L. LesoQg ouojsamI[ q43 LIp 0ST 8T 03 anp Ge a8 MBS ¥
J3015103319 '® "4 wnranye |suo]spues paey 003 0028 Le 8% anp e N MN £%
SHI I "L A1 ONIeN onospuys 13jos £1p 001 9% :14 anp ¥e MN IN 144
s D "M Leamoaq auolsam[ Pisy 0g 003 IT (4} dupds g ME MS I3
foomly "H 'L I A1g oTIaN QU0ISPUBS 1308 4Ip 008 03 08 anp 73 N 38 038
UBSUUBLT HUBLL ALomo(q onorsamif jr10dax ou L1p 4Ip (4 b4 anp £3 s HS 61
uBIuuBly JuBLI fama( QUOlSS T[] jxo0dax ou AIp £Ip (14 14 np £ HS #S 8T
Bl ‘M f Aamo( Quo)sami] pisyg 4L1p 001 cs i1 paIfIp P1 S M8 AT
UBl AL L Loma(q OUOISOW [ pleyg 0s 008 98 (137 dnp  ¥1 HS M8 91
Wosuoxg oxu( fama(q eUOISHWI] preg ji74 003 i1 cg anp ¥i a3 I8 4t
af SIE L AMa(g GU0ISAWT] pley 08 oSt 8% (115 np g1 J8 MN 2}
If ST T L Aamaqg ouolsemy] pasy 4ap 00T 514 [+ dnp 81 a8 MN g1
slavQ L wdiey Aamoq AQUOIsIW[ P18y LI1p 001 08 08 3np 81 MS MN el
89 "M Koma( SUOISa ] PIBY 0g 003 81 02 anp eT MS I8 Tt
juviag °p Lams(q QUOISST] pasy e5uByd ou H G (119 Fugads 31 S MN 01
uBlag ‘r Lama( QUOIsIWY] Py £Lap 3 61 03 anp 3T HS MS 6
SA8H 90250y “ 0" eu0Ispurs PIBY e3ueyo ou gl €¢ 11 poruap g1 MN 8N 8
EABH 90050y ATd °HeN 9U0SpuUEs paiey e3usy2 ou Gl 15 0€ PRII1ID T N MS 1
Ysoiroig Y P> au0)spues paBy ALI1p (18] 1 139 anp 1T 3N MS 9
Hoouuemy OO " “ ouojspues Aq1%8 41p 001 8T 02 anp IT HS HN g
LolUey W ‘g eacdn 23up0) ouolspuss Hoe 41 001 ¥T 8T poTlap I MN M8 b4
s{®¥g uyop e « OU0}SaWT] pary fap 4 6¢ 0¢ snp T MS 48 g
Jung ‘v ‘M A1 OlIeN euolspuys pIsy °duByd ou 002 Supids 1 a8 a8 4
Jung ‘v ‘M WNiANe [0a%ad Lpuss paey eduryo ou 00T 13 08 PellldiP I Hs 38 T
[T% » » .
AINNOD NOLINIHSYM “H 2T "M “N S2 L

far0p ‘H " 194813 BpIey 83uBY2 ou ooe <1 g np ge a8 M8 e
Adareq o « TeABId pIBYy 110d31 ou 00% aT cg 2np ze MN EN 44
sueMQ [ °r W|RTANRTB puEs ejrgqm Jjo8 edueyo ou 0ST 91 13 anp (41 HN MN (44
SO8MQ ‘T T 31It449130D a[eys oElq pIey adueyo ou 008 (41 [ 3np ée HN HN 18
pallodal joN Py 184818 pIBy £1p 01 18 4 dnp 18 N MN 038
FAOWIONOW 019 Py 194813 BIsy aduegd on 0028 18 o8 anp 1¢ MN M8 6T
UBUDIOM ©OAIBH “« 104013 pIRy e3uByo ou g ¥e cg TPIIUIP  1f HN HS 8f
BP0 "L “ 1eaad paey 28uryd ou 00T 474 0g petrp 18 M8 AN 1T
depuny paig wunianie dep Apuws pIey odurgd ou 0¢g <3 08 pollIp 18 s MN 91

aol1BuIo, g woay J2718M JO Juanonq [BIION JO)BM 1%101, 124 Jo *ON

10UMQ s00npoIg £1180H Lep 10d. suwopred 433 od4y, ooy o[ BI0Y oM

49 IIN0dDV eA[}BIoOq f1oude) pejsmyisy ()e9q) qideq

PNUPRUOD—ALNAOD NOLONIHSVM “® #T v “N %8 "L



163

DATA ON WATER WELLS BY TOWNSHIPS

sKBH uyor o« 19A®I3 pasyg e3uvyd ou 00e A 44 PoIliIp 98 N 48 X
Taly ued wnAny® Teasid pisy e3uByd 0’ 007 08 s dnp GE a8 S 9%
JOAl SBRTOUTL e QUO}SIW]] piey o3uryd ou 008 a1 0z Gs MS EN op
UOSURO{ XO[V « ouojsomi] baed eduBTo oU 00T 1L a8 Znp ¥ s MN 144
agmupng D ‘M “ 8mO0} ST pasy a8y 002 4 £3 anp 8 HS MN v
o[IIND ‘SIN o[1A£87J00 eu0]sem|] pasy £1p 003 i it 3np 38 ME MN 44
uEIBA eed foma(q auG}sowWll piey a1 008 ST 02 peiiiap 18 AN d8 18
pauteg ‘Q w QUOJEQ ][ pIey jo0dal od Q08 9 08 4np 08 MS MN 0%
AqEs ‘A 1 “ au0)spuss P8y Lip 0068 68 14 snp 13 N EN 6%
JelLIEy) ENH « QUOISIW parq ?duBP oU 00§ €71 i polliap A3 AN MS 8%
UNaB Uelly o Su0ISpuEs pPIBy £Ip 0¢ 11 31 anp L3 as IN L8
esog Y 9[11a48730D) ouojEowWIl paey 01 0LL e ce 3np 92 MS MN 9¢
omodey ‘I °f wnanye [ea®ad paey e3usya ou 008 a9 Gl peillip 93 MS HS <g
T}sed BUIV «“ Apuses paeyq eduryo ou & 08 €y 3np  ¥g MN M8 8
WOSHOR[L SII ¢ QU0)SpUES 3308 oSueyo ou 0¢ 0 1 Supds g3 M8 MN €8
BUOI0Y ‘SBYD o auojspues 1jes 9dueyo ou 00& g1 03 3np  gg MS MN 28
QI00W T "M o auoIsow]| pary eZusyd ouw 00T [+ o8 anp  gg MN M8 18
piefjiusg J19wWrE ‘“ 8Uo)SpuUBs pIiey o3utyo ou ez 4 i 4 anp  gg as s 0g
SU[EH JONULL 91[1A48]]0D QUOISPUBS 1jos oJueyd ou 08 LT 0% anp gz qS ®S 62
a80d ‘A "H " « OU0SOUT pIey ofuByo ou 0631 ST % dnp  §1 MN HS 8%
19504 ‘A H o “ auonjseuIy] sy a3mByo ou 0% 0t 03 dnp 1 MN M8 12
191500 “A 'H £1g OTIAN ouoIspuss j10dex ou 93utyd ou 008 9 (4} anp 61 M8 MN 93
BO3300108 S 'H “ 104813 pasy 93uByo ou 0000T 6 qT anp g1 MN MS 4
jusdlg I "H wWniAnge 194%33 1308 o3uuvyo ou 003 4 ! ¥e PolIIP 81 AN E®S $Z
€m3s0d ‘A 'H fomo( { paey 8dutyd ou 00§ 0% 08 gnp g1 MN MB €2
pACEY S " pues 1308 e3uvyd ou 000T 1 0% PeIlllP AT AN MN [44

EOISBOI SHIH o 104813 pleg afunyo ou 0000T 0T 0% inp 1y MS 3N 1%
yougy ewoly uloL umiAnyre 194813 pleq eJuByd oU 00¢ (44 41 ap 1 MS AN 02
T4 woQ UnAne wnjanfe pasy 4 00T 9% 0g PRIID ¢1 MS M8 61
s18eg "L I 19j007s30H 2u0ISeuIf| pIgy pood 088 1+ oy Palli o1 oN ZN 81
eljyerooxg 9of «“ 104BId pieq edusyd ou 001 82 k44 PAIIMP T MS MN i
MAOLI0IW PIBMOH wnjAnis 192813 pIBY s3uegd ou 00s Z8 cg anp ¥l s MN 9T
. Jouerd) "M f o[[1A4£93J00 euUO0)sSpuUBs pIey e3uyyd ou 003 [ 81 anp A AN MN ol
*dio) ‘1jeg sAfmUd wmianyre | CICAY] 1308 ofueyd ou 008 02 0¥ anp g1 MS MN ¥
aos|qqoy ‘W ‘D Jejo0ys3oH ouojsau] p1Byg Arp 01 LT 81 np 13 MN MN 1
JI9(XTd HUBiH wniange 10a®I3 3jos 41p or 08 4 amp 11 MB M8 (49
I01X1g Jueld . mniAn[e 104813 3jo8 &L1p <5 18 43 pelldp 1% M8 MN 11
g180§ "L I Jej00ysIoH |au0)Seuyt pisg I8} 00T 02 9¢ PP OX s %9 01
s psig £19 OUISN auojsemil Py A1p 04 8¢ 0¥ pPelllapP ¢ MN MN [
WO ‘W "M wnAnye puesxonb pIBY pood LIoA 004 01 11 PolIIP ¢ gN IS8 8

: atAdLf “ Teavd 3jos e3usyd ou 009 0% 63 anp MN N L
AL “ |CLAE] pasy eduryo ou 0s 88 o7 - peliup 9 MS HE 9

fong 'S T umanyre 1oAR1d pIBY adueyo ou 00¥ 144 0% - dnp g qs d@s g
aedng "M A\ A1 OIION pues P18y ofuwyy ou 06 0% $e poIIp & MN IN ¥
uosietsd "H WTANS 104813 paByg pood 00¢ i 81 gnp ¥ M8 TS £
ISIUOIN qooef A1 OTIBN j1o0dex ou pasyq pood ¢ 8 %2 gnp g MS MS 4
I8{I8M WIf I93004S30H eau0IsaWIL pargy pood 0st 13 <3 3np g MN TS I

ALNNOD NOLONIHSVA “¥ ¢ ¥ “N S¢ °L



GEOLOGY OF WASHINGTON COUNTY

164

uomwoiog g ‘r P |CEAR b piey aduByd ou 00¥% 2T oz polliIp 4 MS IN 6
ToS[Q IBISQ « 413 PaBy Lap 08 2 (48 anp 4 MS AN 8
JoINBY Y M o 18a®va3d adueyo ou paey Gl gl LT 3np [4 s MS L
OIOWIBT ‘EIN » oUOISpues 1308 edueyd ou o0e 21 [ 3np 4 as 4ds 9
UOLIOH ‘H “d “ pues Jjo8 drey CI ST 0% 2np T 0D MN g
. £oIs1q " “ wmAnjie p1ey dare; 115 92 8¢ Pe1IIp T HN MN ¥
dordiyg epney) o« pues eniq BBy adueyd ou 008 8 0% anp I MN HIN g
JOPWIIINK D N « U0 pIBY ABUBYD ou 008 0T 14 porItap I MN M8 H
SI0PWOIINIY D ‘W wniange Quosau[ pIBY L1p 0g ¢3 qe palnap T MN M8 I
. . [ .

ALNOD NOLONIHSYA“H 2T ' “N 92 'L,

oI Log e ja0dax ou [ 4£p Lip Lip Q9 3np I¢ s S8 63
Weq "M M ‘e ouojIspues 1308 aguByd ou 00g 6% :14 4anp 0g MN M8 83
suang "q p : QuoIEpuUBS paey poos 0S ¥I 91 3np 68 MN HN 1T

mesdp I 9UOIEpULE 1308 edueyd ou 002 92 88 anp 82 MN MN 98
dysusyuerg s I suo)spuBs 13os aduryd ou 00¢ (14 cg pelljIp 83 MN M8 %
uosnyor ‘WM amadero) ouojspues pary afurid ou 0% 02 it 3np 8% N HS 44
Larpuyy D I “ [eaB1d By adueyo ou 08 op ca P[P 82 HN HN g3
9MBD) "M d wnrangre JCXN:BE 1308 aduzyd ou 00¢g A 02 anp 12 N 3N (44
SOOI o[[1a40J30D QUOIBIT[ paey e3uByd ou 0g 0 9 duiads 18 MN MN 12
si9fqloxg uwmf) w« Ju0IspuEs pazy e3usyo ou b 8 e anp 13 MN S 02
4leaN wospy y 8uo)spurs 3108 £Lip 001 [44 (19 dnp | ¥4 M8 M8 81
Suiddo], Ieem “ 9mojspues pasy £Lap 005 L1p 21 anp 02 ME MB 8T
Usy Angn ‘e auoIsawr pIey 08T 009 114 9% 3np 61 MN IN LT

so1f)8 euadnyg ” SUG)SPUES 1308 05T 008 0% 0¢ anp g1 AN EN 91
SIOpURY "SIy ) OUO)sBUI] - baeq 00g 00% Gz 08 poqitap 61 MS 3N gl
SUIIMBH T D oqIradagon ou01spues 110d9x oW Lap L1144 0¥ 114 dnp 8T MS MN 1
98], "D '8 WNRIAN{[B [Pa®a3 yos A1p Ge ¥a i Inp LI MN MN o1
I[BOSIBIY 'V "M Gl R Aice] anojsawy[ pley pood 008 18 a8 anp 8 MN AN 2T
poosussIn "Iy D « [oavxd baey LIp 002 8T PI dnp 8 MN MS 1T
WBINW 'd 9 wnyanje 1oaead pIey pood 0¢e3 9 <1 3np 4 MN AN 01
........................ B111443330) QUO0sIWI] paey A1p ST <9 08 pat[LIp 3 M8 MS ]
1185 Y] 18100YSHOH uosswi] paey £1p 1003 P3 3 dnp 9 MN MN 8
SS0OH "I T umrange pnur enpq pasy umMogqun ¢ 0z 78 anp 9 8 MS 2
pooausaly 1Ie) ¢ eug}spues PIeY 05T 00% 02 i 24 anp G ME M8 9
pooMumesIy [re) .« ouoIspues 1308 00% 009 02 £ anp s MS MS [
PIBUAN T O e eu0lspuULs 1308 A0 002 eI 0g anp ¢ HS MS ¥
woNy L ‘g “ SU0}SpuUes jjos 0¢ 08T 61 02 2np g AN S £

808 I I " auojspues Hor 05 001 44 0% potIIp g MN MN 4
90Bg T I CIIERChE Gl euolspues 1308 A1p 0g1 6T 02 PIYIp g MN IN T

uoBIO g oIy 13)BM JO YN [PWION JI97BM 1210% oM Jo ‘ON

JsumQ s90nporg Arend Aep 1od suoyed 0} adLy, ‘roog woBooY TI9AL

444100V SA[IRISY £1108de) pojewmpsy  (1997) pde

AINNOD NOLONIHSVA “d %1 ' “N <2 'L



165

DATA ON WATER WELLS BY TOWNSHIPS

sayang 1 ‘s . o afeys enig mjing ‘3308 a3usyd ou B4 gL Gl Polip 8 AN MN e
ufeg ueg . . o[BS anjq 1308 ¢t 001 0t a1 iInp 3 AN MN ¢4
J9ATECD D °F L9 oMIeN areys eniq pazy . Sl 001 S eT Anp 8 ON 3N 0F
preyINIg JOqIV « puss pivy eJuryd ou 0¢ 0% ¥2 PeIiIP 8 MN MB 63
smytdeg ‘v "D wnyAnje puvs paey poo 053 9¢ 08 PP L s As 83
') 110 ewwdurpng e QuOIsau[]l pivy eiluBlyD ou 0s 02 0g P3P 9 as ms Lé
B[O} Oyof Lamaq ouolsowyl pasy £Lip L1p d 8¢ pofiip 9 MB IN 9%
qqoM I 'V ar v O1BYs eniq pley {4 00T 3 © 0% anp g HN MS g3
JIBYIS ' ‘a v “« reys onjgq paey 09 001 ¥ 0z Snp g AN UN be
JEvIe N ‘W 'a P .« ofeys eniq piey 05 001 8T 91 dnp ¢ AN IN 54
JEOIel ‘I A v ) e[eys aniq pIBY 0% 00T 1€ é8 3np g AN IN 6o
8molg 'n T A1g oJlIeN ereys eniq 3308 02 00T §1 0e Jup g N dS 12
‘0D 3UPNpolg 150410, LomaQq ouo}souf] BBy 09 001 01 91 snp g s 9N 02
SI04| ®I] “« ‘ ||eys eniq 3308 00L 053 Ge 08 paiup G qas a8 61

JIeg ‘f D “« « e[Bys eniq pIsy 08 00T 12 93 anp ¢ a8 3s 81
uoisuyof OLII| “ . orBys eniq 1Jos afuBy> ou Gg ce 0S Polllp  § as s 11
818 IN a “ 8u0)sIW] pasy gt 0038 88 €% dnp ¢ s das 91
sdj[[iqd paesy “ « oreys eniq jjos 41p 00¢ 4 €% dnp ¥y MS M8 ST
£o[srg ojuuy . P 918Us oniq pasy gl 001 4! 8T dnp ¥ MS M8 1!
UosUjYIINH BINI 0 “ o[BUs oniq pasy aguBd> ou 001 ol a1 inp ¥ M8 M8 51
18I "H "L CSIN « “ suo}somi[ pasy AIp 03 16 a6 pellap ¥ MN MS [q¢
femByleg "L T o “ ayo}semI] paeg 0g 048 98 0y pelip ¥ M8 MN 11
uBlOW V. 'H p “ puss PIBY 03 00% <2 G9 pallip ¥ MN MS 0t

JNH d "M ar P QU0ISe] - paBy 0s 008 1% L3 palep ¥ MN MY 6

‘solg {[BPUBA “« P o[BYE oniq pIeyg 002 111] €2 13 anp ¥ MN N 8

o4 ‘I "M 0" Py e[Bs en[q pagy 001 003 14 9T anp  p AN 38 2

sp ‘seldg T pedy p 0 S1BUE anig 3Jos 058 008 £l 44 np ¥ I8 MS 9

sdiiiiyd "M ‘e “ 8uQ}spuvs paey ALIp S9 I 81 np ¥ MS T3S g

5391y eyqur Ald OIIeN Qu0IEpULS j1odar ou 058 008 yI 61 anp ¥ MS M8 ¥

uosdweg ' "H demae(pieye pue pPIBy Jood o1 61 02 anp ¢ AN A8 £

AL w0 13700Us30H auojsem]l paivy Jood 05 931 9¢1 peliitp § ME M8 2

B[ABQ ‘H ‘M A1g oMION Clries -l inidg pasy Jood ¢ ge oy PP § MS MB I

o, . € .
ALNOD NOLONIHSVAM "4 €T "H "N 9¢ "L

L9119 "M o ouo)spues PIey #MO[ AI6A 007 44 82 anp  gg MN MN 61
19A0] £5199 “ 9u0)spuLs £vs ) 0er 24 a9 anp  eg ON MN 8T -
P39y Huvp 0 9u03spurs pasy Aap 001 0Z 02 3np cg a8 AN LT

Pasy Juvy 101 8U0}5PUES pawy £ap 001 9¢ A porlilp  ¢§ s AN 91
jusdlg ‘I 'H « pues 3308 edusyo ou 00S 08 06 Bnp g s ms eI
offoq 1Ieed WRANIR pues 1308 sduvys ou 00¢ 7 oF anp ¥z MN I8 Al

£2 PIISKI 10028 0A0ID 6587100 SU0)SpuUBS paey 002 008 ce ch polIpP €2 ‘20D A8 £T
dJedsep T “d o“ puts Jos e3uBys ouU 0001 07 14 anp €3 s 48 (4
sonud D T o puesyopab 1o 08 08 A 83 pelAP @ MN S 11
Joyeg ALlisH « 1ea®13 ji08 AIp 02 1T b4 o anp 3 MN IS 01




GEOLOGY OF WASHINGTON COUNTY

166

N80T Y « POBS JOARX paBy dn spioqg 4 414 oy porltap 18 AN S 8L
Ine{Ioy Yy “ PUBE JIALL prey dn sproy 0¥%8 4 98 PaIlIp I¢ N HS 14
HOSTIA S®[¥eN mniAnye PUBS JI9ATx pIey dn sproy 0% 8¢ 08 dnp 1€ AN 3N 1L
qQur) Anunod 3IS8ID[[IH 940X 23810) STO}SaTUI] paiey BIaMO] 008 It 1 3up 08 AN 3N 0L
TOSISPUSH MAIPUY « 110dol ou paey pood 008 G 01 Bapds [ AN M8 69
SWIIYBIBAA 10 wnIAne PUBE J9AJL pley SIDMOT 00¢ ¥g (15 Supades 43 M8 MN 89
TOS[IM ‘D D domo( uojlse Il paey £Ip 081 ¥ 54 dup 86 MN AN 19
WoMng ‘M 'Y 7 .“” eleys oniq pIey pood 003 91 i dnp 8¢ MS MN 9
uoweay ‘p M A1g oreN OS[BS oniq 1308 pood 008 gl 02 anp LG MS MB G99
HWBIIS U0ISIIT Alg 91BN owy] Lpuss paeq 081 003 g1 91 dnp ce ‘W) MN 79
UoSigoINH ‘H "M o[[1afeJ0)) . oW P O[vYS 1308 ey 00T o1 8T 3np G5 48 AN €9
131913 "W D « o euw]] Apuss BBy pood 008 (128 {174 anp 7 MS MN 4]
£119q4B I "V M « « auQjsauy] piey pood ce G 118 Jugids 4 BN MN 19
Anpqdel 'V "M £19 olllaN ouolsam|| pIByq pood 053 T €2 @np 44 HN MN 09
UBTOW 0o fomeq SUOIRITIL] PIey 0% oGt 8 01 anp £3 AN MN 65
80D sIwef &1g oioN 8BS on;q paey Joo0d &G 0g 09 POITIIP (44 MN AN 84
870D "M °f T 9[BYSs. 9njq paBy L1p 00T 9T 8T DPoLIlIp 144 MN MN 15
L S A /nuLy) e{uys oniq pasy 0g 00T 48 8T anp 12 HN N 99
sweluiung D Aome( BUO)SIWI pIey £184101 00S e ST np 81 HS A9 (M4
ou®y[ uyor « PuBs IsALr Paey £ap 008 145 g€ anp 61 MS 48 44
swelujlang Iy . 194813 JoAWT £3188 adoeyo ou 008 91 i ¥4 snp 61 MN AN gq
uospuowpy ‘Y 'V WNIAN{E 124818 Joalx pIey sdueyod ou 0032 (114 0g pef[ap 8T AN BN 24
TWMULH I I o o1%Ys eniq pIsy Aap 00€ £e GG anp LI MN AN 1%
juelig wpp A1g o[meN -4 PaIEy £1p jou 008 (44 08 Perlap AT N AN 05
S[ARQ A D mnianjie mnAniie pIey egueyd ou 008 6T GG 2np LT MN MN 69
UOS[BO], Aarop “ P auojssuyg PIBY dn_spjoy 0g2 PI 81 aup 9T HN MN 87
UBWA ‘4 J A1d oleN omiy[ Apuss jroder ou j10des ou 00¢ ar k44 dup ST HS 18 ¥
IOTAL "W ‘@ 94015 aFeio) auy)spues 1308 poo3 00T 01 01 Jujads er ‘X0 MN 9%
1141, W ‘A “« « auU0ISpuUEs 3jos poos é 08 06 DOTILIP gT 0D MN oy
19pAUg 'H 'd o « omy[ Apues paey G 08 91 18 np g1 AN HS L4
BPAUS "H 'd £1d olIeN ewl[ Apues BpO% P J[BS 0t 003 &g 08 DIIIIIp eI IN 48 a4
1814, uoQ JejooysdoHy suU0ISeuI] L3108 asouyun 08 gL 41 pel[lap 01 MS I8 ¥
Joms 'd ‘g f i« I[eys ® 5§ pIBq poo3 08z1 ST 12 anp 01 M8 M8 ¥

bl (197 0 Iy euolsau] pIByY Jood T e 0e DOIILIp i} MN MN 114
fogamienum, r « : auys onjq p1By JTo0d g3 91 1) anp 6 MN M8 6¢
9PEM ‘Y °f Arg olleN eleys oniq 1308 183 b1 08 4 anp 8 MS MN 14
Jnopaoag Y g A1 OI[I8N ouojsamI] piey pood 055 81 184 anp 6 N IN 18
ABMBIOH JIoTInF wnanie pues paey 93uryg) ou 002 ST ¥2 anp 8 MN MN ['14
BSUAR]S JTOIY “ « e[eys eniq jjos 01 001 6L 02 poTILap 8 MN EN ce
Tumpon I ‘0 “ “ areys eniq PaEy T 00T 82 08 3ap 8 MN IN ¥e
sogdang I °§ Al eliaN eBys oniq PIBY 414 11438 € 8 2np g N MN 11
aoIBwIO g uwogg I81BM JO 3norg (ewioN JIojem [®10,], oM Jo ‘ON
Jaumg) seonporg £1rend Lep yod suojrel 0} adLy, roog aopedoT oM

I7341N0dHYV aA1IRIey fypede) pejemnsy (3994) qdeq

penunuo)—AINNOD NOLONIHSVA “d €1 M “N 92 'L



1617

DATA ON WATER WELLS BY TOWNSHIPS

I "L N “ er8le 1308 pood b4 2 £ Buyids g8 ‘100 MN 97
Jol4L woda ‘ QuOo)se W] PIEY Jood 001 g ot 2np (4 MN M8 %
JUBUSE ‘M "D o ereys paey do00d ¢ jird (44 POTIHIP 18 N HS ¥3
TIeYSIBH MoIpuy « Qu0)SpUBS paey Jo0d 09 2 68 dnp 18 As AN €3
Im®H anyly « auojspues piey odueyd ou 0001 81 23 [LEITLETY 18 as 48 b1
SWepy ‘L "M p ow| Apues 3308 I1eg 08 g1 8T anp 18 IS MS 1%
£juno) uwoFUIYSEM « QTI0)SAWIY] paey pood 008 ¥ 93 anp 18 MN IN 0%
JesIl d f « oUO)SPUBE pasy pood 001 28 i dnp 0g as g8 6T
Toja B M ” ojeys 3308 pool 609 [44 b4 3np 0g M8 38 18
1exsniy, 'V L o ouo}spues 1J08 Joo0d g 61 0% inp 63 MN MN LT
MeysnIy, °f W SIN o[[1a49)30)  ©Uo}sdROS pasy 100d g Pe ce snp 6% MN M8 91
wWosFr K Jd9jooysdod  O1eUS F S[ paey dyey 0001 4 0ot PONIIP 8% HS AN ST
uolislT "H o oIBys % '8[ pasy 1§ 01 08 091 PoILlIp 82 HS AN b4 !
eS| ‘d &L i eleqs ¥ °8[ 3jos * pood 088 LT (44 anp 13 Hs 48 ¢L
uBwWyjoH 0 o SUO]SPUBS 1308 pood - Q0% oF 0$ Inp 13 10D EN 3
S0 'H "H « euo)sawl] paey aood 008 £3 o7 3np 1% MN AN 1T
00wl H Y w amogsauIl[ piey pood 008 08 0¢ gnp 08 MS M8 ot
Jepuexely ‘A D “ euo)SpuUEs pIeyq poos 008 H 8 Auads 02 s 48 6
e[oD ‘g ‘0 e oumo}sowm|] paey pood 0001 93 98 anp 61 a8 d@s 8
59 ¥ [0 JusdY o suolsowi] piey 100d i 13 12 poioq 6L HS M8 L
aeD ‘9 "0 o1[A£0JJ0) euo)seTuL| piey poo3 008 81 ¢e 3np 31 a8 J8 9
s1odpoy A I “ orels enjq jjos 00T 008 14 114 Jnp LT IN MN G
wowsunpg ‘Y « euo)sawif pIBy Aip 00% 14 ¥ Snp 91 ON MN ¥
19}101y EOWTY o[lafe]j0) I[BUS ApUBS 1308 05 01 o1 81 np g Hs mS g
LHouy S D 10300 sT0H BUO}SIWI[ pIsy poos 083 € L Jupids ) HS 3N 2
farquiy ‘8 D aq[1a4£9530D ereys onjyq paey 94 008 g1 L1 3np L S N T
[ . [ .

AINNOD NOLONIHSVA " #T 'H "N 9z "L
£aged "0 O « « o[eUs onq piey 131BM OU 008 eI PL Jupads 98 HS MS 98
19915 omoT . “ ELOGEED 1308 01 0¢ 8¥ 18 palllIR  BE MS M8 G8
pajaodal JoN 0 . ojeys enjq 1308 pood 083 oL 02 anp  ¥¢ 10D MN 78
patiodar JoN v p oIBRUS onig 1J08 pood 008 4 03 gnp 18 100 MN £3
PIg I T o e erBUs oniq 1308 0¢ 081 8 81 inp %8 10D MN 28
s38ng D ‘e . o[uyR oniq paey zoo0d 0s 8T 0% Snp g8 MS °S8 18
uosdwoyy, ‘d ‘I " “ puBs ojysM paey 0g 00t 2 23 3np gg MN M8 08
oA o : oJeys eniq paey Jood {111 gz 82 anp €8 ‘100 MN 6l
JeqUly, smort L1 oMIBN euojsomy| paey pood 00t 13 ag dnp g£ MN EN 8l
peaeg "IN wnganire PUBE JOALT pavy dn spioy 008 02 X4 Snp g% MN 38 il
uojfe g semef £14 oPN pues 19411 paey dn spioy 008 03 13 Sup zg MS 48 9L
‘0D T TeRopeN t« PuBs JI0AlX pisy £1p . 0935 114 {111 Snp 18 ME M8 Gl
eafeny 9a8(Q ‘SIN o puBs JoALL pieg dn spioy 0ST 0¢ g Znp ig s ms i 2




.GEOLOGY OF WASHINGTON COUNTY

168

uossAadls "H "4 o . ouolspuURs PiBY e3nBgd ou 003 03 9% pallp 6 AN d8 Lt
BINOF OruulN o « QuolspuEs pasy eJuryd> ou 00% a1 61 anp 6 MN M8 9T
SIN0J OJuufy . “ 9UQISpUTE d£3 Aap 002 9T 91 dnp 6 MN MN 418
Spetld ‘W A . s 8uo}sem]] piey edueyd ou 002 GE 44 2np 6 MN MS a8
J014R], X6V ‘" a“ . 1edBad pasy oduByo 0u 00¢ 1§54 LE PaTIIp 8 s as E1
L3uvy '8 A «“ “ J[BH[® pIey edueyd ou 009 g3 0¢ pofiap 8 M8 HS ol
Alowaq uyog 94cin 098110D auojspues 2j08 008 009 8 08 dnp 8 38 HS It
1AL, W | umganqie usouqun L aduiyo ou 001 6T ae palp 2 IN IN Ot
as8) "H "o « v auo)SpuLs 3308 aSuvyd ou 0 02 03 np g M8 T8 6
88%) ‘H "N : w“ QuOIspuBs 1jo8 eduByd ou 601 1a It psquap q MS 38 8
fweg T D : e 19aBa3 j308 e3uvys ou 00g ] ez Snp ¥ MN M8 2
] g Louurvyg p . (24813 3308 edueyo ou 00¢e 6¥ 0¢ snp ¥ MN N 9
BOUIRyY Wog, P o 194a®BI13 pasy odueyo ou 008 91 0% inp ¥ HE 3N G
JSpUUY W 'V e “ [94v1d 1308 edueyd ou 00% 08 88 gnp ¥ M8 HAS v
J01AT, uoq “ “ [eaeId DIy eduso ou 00% L4 0¢ Po{lLp g a8 3 g
JeIAL "o “« 0“ A 3jo8 adukyo ou 008 01 08 POIIP g AN MN 4
IH T "M 94019 8deyo) asouwxun 3jo8 edustyd ou 0002 el 00T 3np 14 N 38 I
[ . [ -
ALNNOD NOLONIHSYM “H €1 ¥ “N 12 'L

PIBM L 'd ” BUOISIUI] praqg 00§ 008 GG 13 pequIp  9¢€ M8 N 13
aweq v ‘D . euo)sSpues 1J08 Lip 001 Gl ¢l 3np 98 M8 MN 0%
euwIeq ‘v D . oU0IEpUEs 1zodex ou £1p i 0% 0% np 9% M8 MN 61
Lolr0H H ¥ o dUOISPULS 1308 ajueys ou 003g ¥1 0z Snp [ MS TS 1
109§ I g : [ea®Id d&d adueys ou 001 91 93 pelllap 9% N 3N I
SH ‘g "M s QUO]SOE] a43 0¢ 001 01 91 dup 93 UN A8 91
waong  Aely . SUOISIWIL] L3188 ‘d43 efueyo ou 0001 114 9 PoIIID [+ TS M8 518
IaM01g ABI . QUOISSW]] pley eJuByd> ou 00T T 07 PITILID v a8 M8 b
LIB]) 4 a QUOISIUIL] paBy 05 002 91 k44 np ¢ AN "8 £
JolAy, uo(q P 8UOC)SIWI] pleq ez oot 44 83 anp ¢g N AN al
0D "JRY 110 T8uoEN p suoIsei[ P8y 4 001 91 44 snp 63 MN M8 11
SPIeld TSI “ 1o4ABad paey aduvyd ou 08 9% 83 periyip %3 a8 AN or
OLITEL J-IJR[OTLY “ 104813 paBy edusyo ou 0032 ag Gl PollLIP %% MN MN 6
00 Surmey [vuonEN v 194818 paey 3uBYd ou 00s or Ge porIlIp 7 MN MN 8
‘0 JIsuRLy, ospdiojuy umrAnye 194233 PIBY o3uvyo ou 00¢ e 98 Snp ez HE HS A
U1 "M wnjAnre 194813 pI%y a3duByd ou 00¢ 119 $T anp ¥T MN M8 9
Aqdany D pr euoIsaT] Py A1p Axp ez €z Inp g1 ME M8 g
IBAL "W 'd P suclsamyr piBYq sfueyo ou 00¢ 93 0€ poilrIp 21 MS N ¥
ABW T T e suojseml] bIeq Gl 0ov a2z 0¢ snp (4} MN HS g
HOWITIW "D 1 UaeA ouolsauly pI1ey edueyd ou 00T 1A 15 dnp  z1 MS HS 4
IBIAL "W ‘A opadioj, auosanl] prey 05T 009 T8 &g 3np 2 MN S T

TOTIBULIO wWoIy Jo1eM Jo . JUBNOXE  TEWIION J9)BAL 180, mes jo *ON

Joua) sednpolg A18nd £ep xed edoyres 0] odLy, -00gQ uo13BOOT oM

434100V BARRIOY  Ajpede) pejrwipsH (199q) ideq

AINNOD NOLONIHSYA “T 21 "4 “N L2 'L



169

DATA ON WATER WELLS BY TOWNSHIPS

SR[[eABY SOLIRYD Somoa(Qg
Se[[eAB)) SI[IBUD “ «
s1ayjoag 1 0 “ o
6145 ‘W ‘d A19 9HIPN
ZUAJIOT 31090 o«
980y 19410 w«
014, uwod .
J014L uoQd .«
I9[AT, uUoqQ «
uwoung Ley .
upHuwely Huuy “
upn v v “
‘0 ‘poig £81104 ‘e
110A18D g 791831V «
9184180 "€ 191BdIBIY Aama(g
I914L " «
emMeTiM el A1g oneN
IS ‘WS Lame(g
suoq3uc oling wniAnge
(ddeyg " "M A1d OHIEN
uewelsd D D “«
urmaI‘) D D famo(q
£110g wiey « ”
auoq3uor] oIssof “ :
S[UEH I a o
uupy oINvH 2A049) 938}10D
Uopeyl, "M " 7
£1339d 1198 o
JOAT0D TIRdd o«
LoeMoy 1IN «
IS BUON wnian(e
uwsmng ‘H 'f « o
£01003 D D o “
¥ooUup 4 H

Lo[IoH uyof o?o.mw aua.m,,_co
Jomdieny "X 'd £19 9N

Aopany, "N ‘H fomoeJq

£18]8 ) A1d ofIeN

amed D ‘I °A01H 38BNO)D
OuB[DOW ‘W ‘D

o1I4D °f A1d OHIEN
HOMum -B -w a“" L]
-.-O.Hha .Hﬂ -m i€ L1
siued 'H'V o o
o.uﬁdﬁ-—g “ i«
‘0D 110 lepsuidg . o

euolsawI]
QUO)SPUES
oU0}Spues
OUW0SPUBE
QUO}SIUL]
QUOLEIIT]
QUOSIU[]
QUOLSI]
QUO)SIWI]
ou0)Spues
QUOISeMIL
QUOISAME[]
QUO3IsaWI[
QUO3sIWIL
QUO]SII]
QUO}SpPUBS
AUGSITLL
10AB1T
19aRad
euo)saury]
QUO)SIWL
BT0JSaUWLT]
auoIspuTs
ou0ISpPuUBs
1oae1d
19awa3d
194833 JoANX
194118 J0AW
QUO}SpUBE
QUO)SPUBS
QUO)SpUES
QUOIEPUBS
QUS|
8UO)ISPUES
auojsAWI[
auojsawl]
QuOjESWI[
QuojsaWL]
ouojspues
ou0)EeTul]
ouojsew|l
|auolspuBs
auolspues
euolspues
QuOIEpuUES
suojspues

pIeq

1308

1jos

3308
pIByY
paBy
prey
pIey
pIByY

1jos8
piey
p1eq
pisy
pazyg
prey
pIiey
Ljres

308

3308

1Jo8
pagy
piey
pany
pIey
pagy
paey
pasy
paBy
pivg
paey
paey
pIByq
pIey
pary

paey
pasy
prey

dAs
pasy
pasy

pIeq
3308
1308
pavy

e3uryd ou
o3ueyo on

05
e3usvyd ou
adueyd> ou
aguByo ou

05
£Ip
£Ip
oduvyd oU

01

00T,

08T

1) 4

05
95uBlyd o
efueyo ou
eduByd OoU
eSueyd ou
o3usvyos ou

1318

0g
98ueyd ou
23uryd ou
o8uByd ou
egdusyd ou
eduryo ou
ofuey2 ou
£10M0]
93uvyo ou
oduvgd ou
oSueyd ou
a3uvyo ou
odusvyo ou
ofuByd ou
9Jusyd ou
93uey> ou
odueyo ou
2uryd ou
oduryd ou
e2ueyo ou
edavyd ou
e3ueo ou
o2urgd ou
9dusyo ou
eduryo ou

pelp
POMMD
paliip
dnp
DOTIHP
Snp
3np
Pa[HIP
PRIIP
pelp
Jap
anp
peIlp
peillap
amp
pPollHP
gnp
Pal(IIP
dopads
dnp
3np
polIIp
PAILR
paI[Ib
PaIIlIp
PalliIp
pafjap
poIlIp
3np
poItIIP
PO
DPARIIIIP
PoTIIP
gnp
perrIp
Anp
peIIHp
Jnp
dnp
potLip
3np
perliIp
poriIp
polIp
porTip

HS MS
g8 M8
8 AN
s 48
ME AN
MN 3N
HN MN
N MN
N MN
N HN
AN dN
GG
MN N
MN MN
MN AN
MN MN
AN MN
MN MN
S MS
MS T8
MN M8
MS M8
MS d8
M S
HN dN
0S8 4N
MS A8
M8 M8
S EN
as ds
M8 M8
a8 78
MS MN
MS AN
N 48
s 4s
MS M8
HS MS
AN 8
s M8
ag 48
MB M8
a8 "N
AN dN
MN M8
M8 M8




GEOLOGY OF WASHINGTON COUNTY

170

Liswogjuol xour .« Au0ISoW]] bt Lip i £4 PaIMap 63 MN HN I
QI00IY 'S "M\ Aome( 9U018o W] paeg o3uBd ou 00T 1} ) Jajads 82 N MS ot
AIOW0SITO NoB[ « “ ouojsamy[ -paeyg 83uByd ou 0¢t evd Ly DIUIIP 02 MBE MB 6
JoqOB[MO[[3X OLIQ « ‘ eu0lspuBs paBy e3uByd ou 003 44 91 POIIIID [ M8 M8 8
uloyduoy I o v ouojsauIy] piegy A1p seovd 14 4 Gl PRlID 8 MB d8 2
TOSTIM "I “ ou03sBW|| paey A1p 0g 4 se PRHHP 8 M8 a8 9
19ppNog “SI| Al oIeN eu015puUss pavy e3usrd ou 068 9 gl snp 8 s N g
UOSBW "I °[ 94015 058B10) SUOIROUI[ pIey efurRyd ou [+F4 91 A Jup 9 ME M8 ¥
QIOMART 110G . “ 184818 paey °3uByd ou 08 29 [ PoITIIP ¥ s A4S g
UOSpPNH O1pY " v 194®13 1jo8 adueys ou 008 13 144 Snp ¥ AS AN g
edpipues A1d OHIBN 104813 1308 eJuryo ou 009 ¢ 90T PolTlIp 4 MS T8 1
. - £a -
AILNNOD NOLONIHSVAM “d %1 "M “N 13 "L
UOSUIQOY 'SII 94015 038107 euo0lEpuRs jjos !3uBy> ou 0z 01 ST Sutads v MS MN 8
Aeyley ‘L g, A1g oIMeN auc)spuns 3jo8 eduByd> 0u ST 4 8 PINlIP  Gg ME M8 €8
sse[8noq . 41104§,, v« SUO0ISOMELY pasy 0¢ 003 a6 '4H POll{Ip [45 MB MN a8
SIYIIM 310 “ auo)samyL pasy 001 007 02 L3 dnp €8 MN M8 8
ueddoes], wuuy Py ouoITIUW|| paBy 8 0cI 1) 8t DOILIIp 88 M8 M8 08
UONUEH g BIO( Kameqg U0z paey (1341 00% 0§ 001 PoIllIP 8§ MS J8 61
TOlueH g wieq “ buolsatn pasy ST {1148 (44 €3 pPol[ip gt MS HS 82
UONWeH ¥ °r “ QUOoIsaUIT| pavy 001 008 03 08 inp gzg MN M8 Ll
UONJWEH "W "H «“ ou0}3a ] paeyq 0% 0001 41 8 134 polllip &g MN IS 9.
uolwel "W 'H a« QU03SsMI] pisy Gl 00T (4} 03 polllep  Zg MN I8 Gl
UOIWBYH ‘I ‘H “ OUOIEsWI] paey 44 et 4! 0e PRIP at MN 38 172/
uoliuey png « BuOYsawWI] paBy i 001 I e? Patrap 4t MN AN gl
oudey ‘@ g “ UO0BaUI] paey G2 001 g1 18 be[[lIp Ig MN TGN Gl
I0UARY (I 'H “ vuolsem]] piey 44 001 ET 1% DafIpIp 18 MN HN 11
Joeuiey p °f fome( Buolsamy pary eduryo ou 008 Gl 44 pellrIp 1& a8 MS 01
emany, ugog p : ouo0lsoumIf pasy eduryd ou 00a 8L 02 anp L1 MN AN 69
IBWIRH ‘S AIep “ “« ouolepues 3Jo% e3ueyd ou 061 01 81 BIIIIZP 63 MS MN 89
IBPUS3 "H I 0401y 028)0) QUOIEPUBE qjos 00T 002 A 91 anp .14 MN M8 19
PUB[d40T) ueyg ” suoyssmy[ paey 00T 00¢ 02 0g POlIlIP 63 MS 38 99
4912018 Jouryqg « oToRewIl basy 05 008 b1 A Po[[Ip 66 M8 38 €9
yaney ‘W °r Aoma(g QUO)SeI]f pley eduBys ou 001 6T 28 POlLIIAP 63 a8 M8 39
UOT3BULIOF moIy Ie)eMm Jo JYINoiq [BULION JO1EM 1e10L 134 Jo “ON.
J0TLMQ g90NpoIg L£1eny Aep iod suoqred 0} edfy, -oeg uor)BI0Y oM
Td4100V eApeIen  A)0wde) pejsmISH (189.0) ide Ban

PINURNOD—XINNOD NOLOINIHSYAM “ €1 ¥ “N 22 'L



17

DATA ON WATER WELLS BY TOWNSHIPS

sBong ‘A °F “ Quo}BpULS jjos 9duryd ou 008 ) 8 or PIT[HIp (4! ME MN 63
SUIH PAOLd4 « Qu0o]spuUBE jjos oduByo OU 00v 18 85 PRIJIP Gl N IS 8¢
piBnoH "M L I QuolspuLs yos edueyo ou 1] 0¢ 0e Snp el MN IN 13
plesOH N D « euolspues Jj08 e3usyo ou 00¢ 08 63 anp (43 MN M8 92
GRBaT SqID “ JUOISpUES 3308 sfuryd ou 006 Gg (134 POTIIIP a1 MB MB 2
speid®T ‘A 'H 7 emo3saWI[ pary edusl2 ou 01 53] 06 DOLIHP 8 MS MB i3
ugBwsng ‘M Y “ QUO}SPUBE 1308 adusys ou 801 114 98 pafIlap L g8 N s
'0) 1@ eduspuadspul a« QUOIEPUES 1308 agury> oOU 003 0¥ 09 pPolllIP L MN MN f44
jedng H D “« 0u0)EpuUTs 1J0s efueyo ou 004 (4] 0L PRIIHP L MN HS 1@
yexmyg g D opadiIog, QuojspuLs 3308 28asyo ou 001 ab 19 PRIIHP ) MN IS8 03¢
wosuyol “H « QUO)EPUES 3jos eduBys ou 00L 08 1] P3P . 9 a8 M8 61
aosS[IAA Ding opadiog, ou0)Spues 1J08 pduvyd ou 009 13 3 Jujrds 9 MN 4S8 |1
uosyrrey) ‘W " o 1oa®1a piey odusyo ou 008 Gg 54 PoTIip 9 qsS MN 1T
jurodisld WnAnIe jea®a3 paey edueyd> ou 008 1 ot PoliLp 9 MS MS 91
0D ')y [BUOTIBN « 8u0)spuUss 3308 (L 00S 0¥ 0L PafIp b M8 MS 118
s|jem 'H 1 opadiog, ou0)spUBE 1308 esuByo ou 008 05 g01 PoIP g MB AN ¥i
‘0 'JOY IBUOIIBN 9401 83BN0D PARIZ 3Jos odusyo ou 008 08 08T POIIIP c MS M8 er
mByeL) ‘@ D « 2u0)spues 1jos o3uryo ou 002 83 9% | LIS ¥ a8 MS 61
uewedem "V 'L opadioL OUO}BpPULS 308 a3uByo> ou 009 0% 09 PalILD ¥ AMS HS IT
suppng S WM “ enojsetl] paey Lap 0S 0P 08 Palip 4 MN MN 128
833119 100 uueAy euojsomif PIBY sdusyd ou 009 0y 09 Poerip ¥ N MBS 6
Weyddu[ ‘f M «« QUOISpuLs Pavy CEL o 008 6 81 dnp 4 SN HN 8
Iemalg 'V 'H « ouolspues 1308 e3uByd 0U 008 c¢g gl PRIIP 8 MS MS A
330D I8 “ ouolspues 3308 edusyd ou 00¢ 6 44 porliip g MS HS 9
898 O 0 " QuUOISpuEs 3308 edueyo ou 00¢ 1% 44 Por(idp g N I8 G
SIS D 0 .“ 9uojspues 3jos oduzrd ou 0c 0 4 Juyads ¢ N 38 ¥
‘00 88D B 110 I9GIH e QuolspuUBs 3308 93uBYD OU 009 9 91 Jnp [4 MS HS g
‘0D "sUI o1 1eIIus) a euo)spues 1J08 eJuryd ou 00% 0g sE 4anp I S M8 g
£1pd d 'H opadiog, OUO0)SPUBE 1Jos a3deyd ou 00¥ 0% [+ 3np 1 MY MY I
[N . (213 .

AINNOD NOLONIHSVA “d €1 "4 "N 8 'L
slopusg uyor “« 164813 pleq edusyo ou 00l el 83 anp 9¢ AN {8 81
suemQ 1 ¥ “ pugs P1BY eJugryd ou 009 o1 8T 3np 9¢ AN MS 2T
iunidg 'H % wnjAn[e puBs J3IBM pieyq 93uByY ou 002 157 18 fnp cg AN MS 1T
IO "I Uuaes opsdiog, 2u0)spues 3308 odueyp ou 00v i 1L PRIIIP 9¢ MN MS 01
QI00 I UBIRY wntanire 19se1d paeq oduryad ou 00ge 0z F44 anp 92 ON #N 6
pojroder JON « ouojspues JJos8 ejusyy ou 0001 I i POTIHIP 98 ON 48 8
P1EX W N I AUWOISPuUBs 1308 95U oU 0008 qe 16 dnp bt MN AN )
syong Aeme(q opedao], ouo0}sSpres qjo8 edueqgd ou 006 028 0g dnp 14 AN AN 9
JeOIOWN M F 1 e omO)spuUBs 3308 A1p 001 cg 144 anp e N M8 9
J1edel 'V L 590 OUulL,, ouojspuRs 3308 AIp 002 [ Ge snp e MS MN b
9100 'L Ymvies opadio] QUO)SPUES 110dor. oo 110091 Ou I (8MO1J) 0 09 PoIIApP 4 MS MN ¢
TaIIBM BI91S «“ « ouo)spuss 1308 ofueyd> Ou 008 19 4 02 dnp €5 I8 MS 4
wariep ydiey . BSeHQ OUL,, ouoIspuLs 1308 edusgo ou 002 ] 8 02 POLLiAp id IN MN 1

AINNOD NOLONIHSVM “H T1 H “N 8% 'L



GEOLOGY OF WASHINGTON COUNTY

172

SLIMI J~I[ROULIY “« 1eawad piey e3ueyd ou 0009 9

sdiiiud '@ 11 . [CLY:AE] jjos omadmO ou aume %ﬁ mm ¢ HWMW
X0 MWeqoy wnane 104813 pIeg o3uByd> ou 08 oz og Inp
33008 "IN °f uuBm auo0lgpusws 1308 oJusyo ou 4 0Z ez 3np
puvy p ‘p “ 9U0IspuBs 1Jos adasyo ou 0% o 8T Snp
wewprg D g e euo}5puss j308 esjusyo ou 00T 01 44 peIllap
{[9X0a], T1°g opadiog, 194843 1308 |JuByd ou 00L e ce petllap
S ‘W F uuB eUu0)SpPuUEs 3jos e3uByd ou 01 12 08 PRIIIAP
edury e 3n0IEpUBS 1308 e3usyo ou 0G €2 oz jr0dol ou

ysny ‘g 'y opediog, om0IsPUES 3jos ajusyo ou 00¢ 9T [11:4 perilap
sgony g °f v 9u0)spuBs pley o3uryd ou 05 0% 0y PeIlID
L3578y 'H. ”m UWB M /WO d&3 adasyo ou 001 g 31 np
uojdinyy ‘g ” pugs 1308 LIp bl fa 1 q10dex ou
audel) "y « auojspues 1Jo8 eduryd ou 001 82 0e el
usolg ‘4 'Y t« auolseuryj paey e3usyo ou 00t g {1} 4 palIlap
uoyng o “« duoIspuLS paey aduzsyo ou o1 8g 0% pelIp
PURInY) I “ QuuisauIff pagy eJuvys ou 001 0G 09 PaTIlIp
UMY P "L 0« 6uoispues pIsy adusyo ou 00T e 09 DalTLIp
JeRvm A7 opadiog, ouojspues 1108 23u¥yo ou 0e c9 ¢} PP
s[neys wnAnye euo)spues piey eduayd ou 0¢ [+ 0g PIIIIIp

JuUslyg XY .« amoISpuUBs piey 23uByd ou 00g 91 €9 perap
aosqly sIpC a“ 2U0)spuvs 3308 e3ueyo ou 0g 1) 0¥ PoqIlap
801dg peag “ euoispues piey 93ukyo ou 0% cZ 08 PoII[Ap
PIOWYI®H T "9 “ 8uo)spues 1308 aduenyo ou 05 91 0% dnp
Auedmo) o3wdaop « ouolspues pasy e3uryd ou 001 09 c9 Jnp
BT 'IW ‘A opadaog, euolspuEs jjos eduryd ou 0e 13 08 Anp
UOSTIA, JI6M[RAL opadiog ouospuLs 1308 e3uByd ou 001 0 1 Jurzds
WAL "W " WNIANY8 1aaBRIZ pisyg e3a®y> ou ez [th4 (134 anp
140D T ‘H ” 8uo)sew] pisq edneyo ou 001 8¢ g dnp
[838%7 ‘o ‘e BUC}EpUES 1j08 e3u®yd ou 0c Gq g 3np
Lausyg L ‘e Buoyspurs jj08 o3usvyo ou 0¢g 8¢ 19 periap
Jeolleg g ¢ 8U0)SpuUBs pIey edueyo ou 001 09 Gl porliap
uosjqey r p “ RUMspUERS paey esueyo ou 008 ¥1 144 anp
BlABQ ‘H o bumspues 3308 e3utye ou 0008 ¢ €l porrp
sploudsy ‘& opadlog, |uojysaurl[ pi8g 03ueyo ou 00T 02 08 PIILIp
U183 2@ sAMMd 9a01n adejno) ou0IspuEs 1os o3nego ou 0003 00T GLT periIp
ung D 'y « ouolspues 1308 edaeyo on 00¢ 414 ce periap
JaudeH 4V “ auoIspuys 3308 sdueno ou 0003 08 [1}:4 Sup

‘0D §8) B [0 ©13106) « 8u0)spuss 3308 e3utyd ou 007 8% 08 paJiIp
puelioy uyor a« euolspues 3308 e3uByo ou 0001 ce 98 pPo[I1ap
WEPRIDON 'H opadilog, QU0ISpURS 1308 oJuByd ou 062 g 08 Snp

ToljeurIOq [UTINE ¢ Ie)EM Jo UEN0IQ  [BmION JojEM ®10 am
IouMQ seonpolg L1end £8p Jod suoqed 0} 1oL =~o§..m0
HAAINDYV PAIROY  430vdR) pelRuIISH (199]) wdeq

LTS

MS AN )
MS MN 69
MN M8 89
MN aN 19
ds ds 99
48 MS g9
MS MS 79
EN AN £9
MN MN 79
AN MS 19
AN MS 09
ME MS 89
MN MN 8¢
MS N 26
EN EN 95
AN MS cg
AN MN e
AN MS £g
MN MS %5
MN MS 18
AN HS 08
s MN 67
MS MN 8%
48 AN Ly
AN IS 9%
MN MN cy
MN MS p
MS MN gp
MN TS v
MS MS %
MS qS 0%
s M8 6g
AN AN 88
MN MS 18
M8 as 9%
MN M8 cg
HS MS ¢
M8 a8 £g
MS MN e
MN MN 18
HS AS 08
oN

uop}eooT TIoAA

POMUBUO)—X.INNOD NOLINIHSVAM “F €1 M “N 82 'L



178

DATA ON WATER WELLS BY TOWNSHIPS

LapeH "W “« o« euojspuss pigy edusyo ou oSt o1 0 PafIap 63 AN MN 12
mouds '1 'f w“ e euolspuss pIBy o3Jur> ou 08T 21 (1} anp 63 MN MB 03
uBauUn(g ot « OU0}EpUBSE PIBY edusyo ou 001 91 8T anp 62 MN MN 61
9899y ‘M. D ” . oU0ISPUBS 3308 odurys ou 003 0 e Jupads 82 AN MN |7
ypus "a D « “ auojsall] pIBY aduByd ou 0t £T ¥T Pell{Ip 0% AN IN LT
Hallod ‘A I “« puss paBY a3usyd ou 05 6T 8T 3np 07 HN IN 91
UOSHOMPUeH ¥ °f “ < QUOISSUEL paey edusyd ou b1 <8 q€ porip 91 HN ON er
doured 'H 'H % P auoj}spues dA3 edusyd ou 007 ot {1} PoI[lIDP 6 AN AN 48
pejiodaa JoN 8A0lf) 93810D) QUO)SpuYsS 1jos 8guBYd ou 0% e 0z PP 6 MN T8 81
pejioded JON o JuojEeWH P18y S[I% 60T 01 08 PaI(Ip l MN MN gl
uojdupuse sy Cf opadio, ouOIspuURs 1308 STI¥} 0§ i g9 pottIap ) MN HIN 11
Jodoy BHPN 24013 0381300 9U0SoW] pIey A1p 008 0¢ 08 PP 9 a8 HS 01
uosuyof "k | “ 9UOSIW|T pIBy adueyd ou 04T A1 (114 3np 9 N S 6
wosuyof ‘I ‘d WNAN® QU 0)SaT][ pasq a8uByd ouU 009 6 97 gmp 9 AN T8 ]
pajioder 10N “ o Q2UO0}sIUIL] paBy 0T 00¢ 0g 0% pellp g MS MS )
pojtodal joN “ “ 9UOPEIW] prey £ap 002 0¥ 09 perlip G AN 9SS 9
pajrodal JoN 2401 288310)D SN0 L] paBy eduvud ou 002 0% 4 pollLp g S N g
JOIJUEM. W T « JCELAE 3308 oSuey> ou 007 02 08¢ anp ¥ MS HS ¥
SIWHUEM "M A ” 194813 3308 afueqo ou 008 0€ {134 psmiIp % MS AN g
a0[4L woq wnjan[ie 1eaBad paey aduryd ou 00¢ 08 0¥ pollllp ¥ MN 3S [
patIodar J0N 940Xy 9581300 9UO)SPUBE jjo0s 88avyo ou 001 cg 88 anp % IN MS 1
1 » [ 13 -

AINNOD NOLONIHSYAM "d #1 M "N 8 "L
uBMg ') re () Mp pIey qroda1 O0u 008 €1 14 PoTIIDP  9€ MS MN z6
uosuiqoy rH B[OT ouolspus pieq e3uB(Yd ou (4 0% [ Snp 98 g8 dN 16
TOSISPUY ) o ouU0}SIWI[ pley edusyd ou 002 23 5114 polup €€ MS MS 08
UiAusLy ) UuBA 8uo]spues 3308 eduryo ou 03 G8 06 pomap 68 MN MN 68
woeyeIng @ f o auolspuLs plsyg edusyd ouU 00T ¢z 08 PI[IID PE HN HN 88
H f opadiog, ou0lspuUEs jjos adueyd ou 001 0§ 09 PP §E MN MS L8
pooMTARIY) ‘f S wnjAnIe puss 308 adueld ou ez 18 14 panip 88 MS MS 98
PuBaAs[) 'H " «“ puBs pIBy edusyo 0U 002 0% 0% PaTIMID £E MS IN €8
uonIg I D wnyAnyre paes pley o8uByd OU Q00T 91 9% anp ¢g MS MN 8
snsodd ‘0 W opadiog, QUOISPIES 1308 edurygo ou 001 06 09 PolIIP  §8 N 38 €3
SYOLIpUSH 'V 'S v PaRIg 1308 e3urd o oc 01 11 POTIHP 38 s 38 28
‘S pu® IV « 104813 jJos edueyd ouU 005 8T 444 peqiip  2E AN ES 18
. _Yoepeys uyor “« 194813 3108 e3ueyd ou 00S 48 9% POTIHP 2E AN 48 08
Auedwo) 110 140H wnAniy 04813 pIBy eduvyd ou 005 0z [T Snp 378 TN MN (i}
SWoOH 'f ‘H wniAnge 104813 L9188 ‘prey £1p LIp (44 [ jlodez ou  Zg MN AS 81
Uy ‘M D opedIoL 9UO0)SpUES 3Jos eduBto oU 001 9 21 DSIIP 6% TN 3N L
alpleg 03I08p 401D 93BII0D ouO0}spues 3308 e3uryd ou 05 0% 411 pelllip 83 MS T8 9.
dox8g 'H ‘D o 9u0lSpues 13os eduByo> ou 0¢T 9 T dnp 93 MS EN gL
JI0M WoL 0P8ado g, euo]SpuBs 1308 eduery ou 0¢ cg £IT pPollaP 8% MN MS §2
0D TIQ ®ld102H “ 189a®13 3305 eJuByD Ou 0009 e1 cg paIllIp L3 S MN g
epPIaNNY "M E wmiane 194813 pasy eEueyo ou 00L 44 &g petip 13 g8 Js (4]
pedy 'L A opadiog, ou0)spuUBs jjo8 o3neya on 008 a1 98 peliAP LT MS MS 1.




GEOLOGY OF WASHINGTON COUNTY

174

98qoIIVY "N ‘M opadxog, ouo0)spuBs o8 _e3ueys ou 0801 ge 0s PelliIp i N MN PI
3wod "d T SIW BSeNQ oYL, ouolspues piBy PaIres 0601 8 14 PeIILIp LT HN MN gr
SYPTH 91 wmnianjre puesiomb pIsy o5uByd ou 0038 b 1T Snp LT MN MN [}
0D 1Y pukTqinog opediog, ouoIspuLs 3308 e3usys ou 0062 8 (4 poTIIp IT MN MS 11
quug M ‘g umnganire puesyomh JJos egueyo ou 0002 8 0g 3np LT MS MN 01
891B) "08h “ « ouoysdeos 4 PI0031 oUu ¢ 4 01 anp 91 MS S 6
8918 "08D e “ ouolsem[ paey edueyo ou 009 8T or anp o1 M TS 8
EIB) 02D « @ ouo0)setry paey perrey 001 ST o anp 01 MS T8 L
dmqupg 5 v ‘ “ uolspues }jos poIrEY 002 14 96 Snp 91 as AN 9
dmquioH D "V BSeRQ oI, wnanye 3308 polrer 00csg 0T 9% anp ') s N g
amoIg ‘W 'S « |euojsom[ paieyg sdueyd ou 0P (14 0g poqIlIp a1 a8 d8 ¥
amooxg ‘J ‘¥ : pues 1Jos e3uryd ou 00F 1 bl Supads ¥I MS MN €
apjooayg g ‘g opadiog, pues 1308 adurys ou 008 01 IT poIIp 1 M8 MN G
YoHRe@ ‘d "Qo401n e3eNep 1ea®I13 pieyg oduByd ou 009 GFT 08T pe[iap ¥1 N HN T
AINNOD NOLONIHSVM “H €T M “N 62 L
APUUG) ap « toARId pasy e3uByD ou 002 0g 09 pelllIp 98 MN M8 ¥i
810D mnrAnyTe 10a®Id pley edueyd ou 009 08 09 dnp 9€ N N 1
breoury] e3108nH “ oT0Ispues jJos odueys ou 0002 L 92 periIp qe a8 AN gl
Preouiy] 8109 opadaog, on0)spues 3Jo8s edusyy ou 0001 a1 57 palilap g8 N a8 11
9swar] JeYjvo Auuef ‘“ ‘« | CEXCH Jos e3ueyd ou 008 0T 69 perp 18 S MS 0T
OS8O I9Y)edy AUUSL ,VSIHO O, QUO}SaUI[] pavy a3ueyd ou 008 G 09 Jnp 22 I8 M8 6
PIBAy OOBI[BM o 8T0)SpUTS 308 e3uBYyd ou 00T ot 0% perpIp 0% MS MN 8
T 'S ® LV : 9UOISPUBS 1308 efueyo ou 00¢ 0 ae 8np 2z AN dS L
100108 ABTIM P Quolspues 3105 edueyy ou 008 03 0¢ anp 9% HN 38 9
£1oUmo) ‘M 'H “ ouQ}spuUBs j308 e3meys ou 007 (4 09 palllap b4 MN MN G
qouBy 4leUuo) “ au0IsSsmI[ pIey eSuryd ou 00% 03 021 PRIILIp ¥e a8 ¥s v
qousy Lpmuo) « 9u0)EIUITE paTy 00T 0ST IT 4 Snp £ MS EN g
Yousy Apuuo) o« ouojsanryf PiBYy edueqo ou 00€ 02z 08 peruap e MS MN 4
parrodelr 0N opadio] QU0ISPUES 1308 110d9X ou : 81 o0e 3np [4-4 AN "IN T
[ » Co .
AJINNOD NOLONIHSVAM “d 21 "M “N 62 L
eaInbs " A 24019 03B0) ouolspues 1jos8 egueys ou 14 £2 14 PoITIIp @8 - N MN 12
LSO D 'V . I 9U0}SaU[ pIBsy eduByo ou 0ST €g 09 P3IIp 44 MN MS 92
uosuyop 3 °f A1g ofIIeN auo}sawl[ pIeq a1 008 €z 08 pe[[Ip 44 MS H3S €z
19147, "W "a c e QUO}S/UII[ preyg o3ueyd ou 0001 14 05 pelip 1€ MN AN ¥2
L5090y D VY ‘ « pugs paey e3uByd ou ¢oo0t1 88 19 PorTUD 18 MS M8 €2
019 "H L 24019 032300 ouo)spurs pIeyg o3ury> ou 002 8 o anp 0g HS #€S 3¢
UOT)ewWIo, uroay 131eM JO JInoN [BWION J9jEA 1107, I[o# jJo ‘ON
IsumQ £e0NpoIg L1109 Lep 1od suorins 0] odiy ‘oeg WOf)BO0T mem
TTIAINOV oATIRIPY  Ldede) perewmusy (3997) mdeq

‘penunue)— XIN10D NOLONIHSYA “d %1 "M “N % °L



176

DATA ON WATER WELLS BY TOWNSHIPS

WOSUUOL "V ‘5 9A01D 038130)

uosuyof 'V ‘9
WPl 'H 'd
aueeg ‘W W
so[B) eoueaE()
g euw(
SUAPE JBOEQ
SUIPH JBIEQ

o
wWnIAnge
TUBA
opsdiog,
auBm
opadiu],

o "

JOJAT, WO 2a01p 0d810)

sgwoyy, ‘4 Aoy

suBpd 'H 0
SEWOUY, ‘W "M
seuoyl, ‘H ‘I
semoyy, ‘H ‘I
AN 'V "M
YJI0MsUI{IOH HOBL
S[IBIB) WA
ATPUUO) M P
ueAld 0N
1SIOUARH 1
908l TIL
AfeUnO) "M D
A[PUWOD "ML D
S[IIN 'H D
IBINYABH ‘W 'H
smydeH ‘W A
IBINUABH "W 0
agwpoey °f
1aeg °f

sjlIeH ‘4 'H
S[IIBH ‘94 "H
sgnjuedeis 'H "I
ssnjue®ais 'H A
uosueMy I
lojdey, ‘g ‘O
Joj&eL, 'S 0

«
«
o
({3
"

ocum..o.w
mrnAng
"
opedioy,
wnanje

“«

owmmuca.
b 0 TTY

0" “«

(13 '

1SN AIUSH 94015 cua..ac.u

'0) §BY) ‘lagy SAID
S[IIR uyor

SpeId L D
Leuuc) "M ‘09D
Al[oUTO) "M 099
00q0IIeT ‘N AL

«9IEON,,

"
opadao,
o [

“” «

«BSON0 OTL,,

OU0)SPUES
19ABI3
104813

QuO)SeUI]]
euo0)spues

QuOtSaTI[L

auo)sIW]E

QUOIEPUES

QUO)SOW[
8UOISPUBS

U0} puUBs
104813

QuO)SpuBSs

|uolseml]
9uOIspuLs
euo)sSpuTs
19aBLA
SU0}SOmI]
eu0}sauIf]
ouCISpuEs

QUO]SPUBS

ol0)somITf

L GIN:AK
8UOISNTES
QuojisauIj[

Quolspuys

auojsemw|y

STV LUT]

=1 (L1 1
umMKamIy

SU0SOW

pues

UGS

pues
pues
puss
puBs
puus
EDDEEEYN

QUOISPULS

|auo)samy[

/u0)SpuUBs

|u0ISpuUes

1308
pIBY
1308
pieq
1Jos
paey
das
L5188 “4J08
L3108 ‘pIey
1308
1308
parq
3308
pasy
1308
1308
paey
BIey
prey
Hos
1308
Paey
£3188 3308
1108
1108
)05
pIBy
paey
pIsy
PIRYY
pareyq
1308
prey
1Jos
1308
1Jos
jJos
3Jos
PABY
9308
p1ey
1308
1308

&

agusyo ou
4p
e3uByd> ou
adueyo ou
aguByd ou
edmBOY 0T
e3usyo> ou
93usy> ou
edurys ou
efuey2 ou
a3uByod ou
eduryd ou
egurys ou
aduryo ou
spel
odueus ou
edueyd ou
odueys ou
uMoTan
93uryo ou
odusyd ou
a8usyd oy
o3uByd on
e3uryYo ou
e3usyo ou
S8y
adueyd ou
AL1p

AIp
s3uvyo ou
Rap
eJusyo ou
o3uvgy ou
edneys o
o3uBYO ou
93uwyo ou
ofuwy? ou
eduvy»y ou
2auryd ou
ofwer» ou
edueyo ou
pelres

0091

052
008
0003
09003
0003
0003
0001
008
00¢
007
0003
00§
0002
008
003
00¢
4
006
002
00¢
00002
60001
00002
009
00%
00T
008
0001
001
€99
008
0¢T
599
081
098
008
004
135
00t
00%

pelfe] pejjmjun ¢

PajIID
POIIHIP
PoIllP
3np
3np
PoTIIID
anp
PSP
2] 1133
Junp
poerp
Anp
poIliIp
Snp
poi[lap
3np
anp
Snp
anp
Suapads
Adurads
PoITIIP
POIlIIP
potIap
petiap
anp
parmIp
2np
anp
PeIlIp
parllap
polrap
anp
peiliap
Snp
PITMAP
POTLIIp
peqImp
anp
PolIlAp
pey(lIp
Snp
dnp

MN IN
MN IN
MS M8
s M8
MS I8
qs HN
MN M8
MN M8
MS MN
M8 M8
MN MN
N MS
HN AN
N N
gs 3
MN MN
AN TN
AN 38
M3 M8
s °s
s I8
MS MN

" M8 MS

IN MN
MB MN
MBE MS
ME ME
N IN
AN N
M8 MN
M8 MN
MN MN
MN MN
"8 AN
as 38
qas Js8
AN HN
MS MS
TS M8
MN US
as d8
ME M8
N MN




GEOLOGY OF WASHINGTON COUNTY

176

mvﬂﬂmm og -O & £

8u0IsdT[ paiey eSusyd om 0% €1 Gg PolnIp €¢e ME MS H !
p8jaodax joN “ 7 onosetly (oY1 | s[1es g9 03 28 Pe1lap (43 as as TI
pelioder 30N “ “ euolseuI] paey edueyy ou 0%9 ¢4 0g 4np 1¢ AN AN 0T
SWEIIIM "W '8 : “ QEOISOUII] pagy e3uBYD oW F90T1 0L TiT pei[iap I8 s Hs 6
Spog f Y 0A0I) 95B110) au0lspuUes PaBy sTreg 00¥% 0€ 0g PAIAP 0g AN O8 8
Sury g SIXON pues Hos edueyd ou 0008 08T 18T POLIIApP 82 N AS L
dupuiy g 04019 e3e)0) ouUo}sem]| pIey £1p 08I 88 88T BOI{IP 82 N IS 9
TRiyeys LiueH 9IXON euo)spues 308 e3uByd ou W[ ou  g) G138 Pl 13 A8 HS g
ouwT H f ‘o “ pues 1308 odueys ou 098 09 8ST PeTILIp 12 N IN ¥
L1ouaey ‘0 °r o« “« auolsatulr pIBg odusyd ou 0601 ar 19 ParIp 6T MN HN £
peltodar  jON « “ auolsaur| 1308 odueryd ou 009 08 611 poq[Iap ST MN MN [
foomigy "W "Yoa0I) 9SBY0) puEs Jjos Aap 093 0T 0s PRIIIIp 9Y as °s T
: qO[IB WO wWoIy I93BM JO WSnoxg [BUWION JI0)BM 18307, 24 Jo 0N
JouUMQ ssonporg A118N0H A£8p Jad suol]e3 03 odAY, -oog uo13eI0] oM
IHAI1INOV ATIBRY  A)PRde) PejeWISH (199.0) qide(q

ALNNOD NOLONIHSVA “d %1 ' “N 62 "I



177

APPENDIX B

MEASURED STRATIGRAPHIC SECTIONS
IN
WASHINGTON AND PARTS OF ADJACENT COUNTIES

TOWNSHIP 23 NORTH

1. SEC. 6, T. 23 N., R. 12 E.,, ALONG ROAD % MILE WEST OF EAST
LINE OF SECTION, FROM SOUTH SIDE NORTI 1 MILE.*

Feet
‘Wann formation. )
Sandstone, buff to reddish-brown, medium-grained, the Clem
COreek sandstone Of EMETY . irereeeeeree e e sseae oo 25.0
Shale, dark with a few thin layers of sandstone ... 22.0
Limestone, gray to reddish-brown, fossiliferous ... 10.0
Shale, dark ... eeemceaaasseeeeeemmeae e esennenes e eeeeaaannnaee 10.0
Limestone, fossiliferous, weathers red, the red limestone
LS T 103 0= 2 SOV 3.0
Shale calcareous, weathers buff .. ... s 13.0
Limestone, gray, weathers red, sandy, fossiliferous, the Fusu-
lina-bearing limestone of BMEry .. s 6.0
Shale, dark ... s eeeememeesmmmmmmmmasnmnmsoseeees 28.0
Shale, calcareous, a few thin fossiliferous limestone beds,
probably the Shelly limestone of EmMETry .o 12.0
Limestone, dark, fossiliferous ..o ‘3.0
Covered, probably BRAIE ... 42.0

Iola formation.
Avant limesione member.
Limestone, white, top only exposed.

2. SEC. 8, T. 23 N, R. 12 E, IN THE NE¥% OF THE SE4 ALONG
OKLAHOMA HIGHWAY NO. 11 SOUTH OF AVANT
Tola formation.
Avant limestone member.
Limestone, not measured.
Muncie Creek shale member.

Shale, dark, weathers yellowiSh-gray ......iinn 36.0

Shale, black, fissile, phosphatic nodules in base ............. 2.0
Paola limestone member.

LimeStone, MATLY .o imemm e e 0.2

Chanute formation.
Carbonaceous shale member.
Coal ... et mmeeeeeeeeeeiassavemsmssesessmtetiesetes<<RmamEmmmammtemeeesiemsesssesiriiois 0.1
Clay, UNAErClay ? ..oocieeereieimacessse e e e e 0.1
Cottage Grove sandstone member.
Sandstone, light gray, thin-bedded, fine-grained, base not
E@XPOSEA -oemeeieee e et e ne e s e emei e e s e eeeenan 5.0

3. SEC. 5, T. 23 N., R. 13 E,, NEAR THE SE CORNER

Iola formation.
Avant limestone member.
Limestone, weathers in large whiie blocks, top eroded .......... 10.0
Muncie Creek shale member. ‘
Shale, covered, in this vicinity it is usually dark clay
shale with black fissile shale at the base containing
phosphatic CONEretionS ..o 30.0

* Formations arranged in descending order, youngest at top.
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Feet
Paola limestone member.

Sandstone, brown, limy, well-cemented, upper surface
weathers pitted, occasiomally containg white platy
limestone in upper part ... 2.0

Chanute formation.
Carbonaceous shale member, not observed.
Cottage Grove sandstone member.
Sandstone, fine- to medium-grained, thin-bedded to mas-
sive, reddish-brown ... ... 3.0
Thayer coal member, not observed.
Shale member.

SHER R B e 10.0
Dewey limestone.
Limestone, white, fossiliferous ........omveo 10.0

4. SEC.13, T. 23 N., R. 12 K., NEAR THE El% CORNER
Iola formation. g
Avant limestone member.
Limestone, light-colored, .Sparingly fossiliferous, top
ETOACA e 10.0
Muncie Creek shale member. ,
Shale, dark with black fissile shale and phosphatic nod-
ules in the base ...\
Paola limestone member.
Sandstone, dense, limy, top bitted, occasionally contains
white platy limestone in the [ 2] ¢ RSO 5.0
Chanufe formation.
Carbonaceous shale member, not observed.
Cottage Grove sandstone member.
Sandstone, light-colored to reddigsh-brown, fine-grained,
thin-bedded to massive ..o 15.0
Thayer coal member, not observed.
Shale member,

Shale, covered, usunally dark clay shale .................... S 10.0
Dewey limestone, » _ .
Limestone, gray, fossiliferous ... 10.0

5. SECS. 10 and 16, T. 23 N, R. 13 E, FROM TOP OF THE HOG-
SHOOTER LIMESTONE IN BEVAN CREEK NEAR THE SE COR.
CF SEC. 10 TO THE BASE OF THE DEWEY LIMESTONE
IN THE NE¥ OF SEC. 16
Nellie Bly formation, lower part clay shale, upper part contains
a few thin fine-grained sandstones which are reddish-brown in
color, total thickness ... ... . "

6. SEC. 28, T. 23 N., R. 13 E.,, NORTH 14 CORNER
Hogshooter limestone, not measured.
Coffeyville formation,
Shale, dark ... 10.0

7. SECS. 33 and 34, T. 23 N, R. 13 E,, ALONG SOUTH SIDE FROM
4 MILE; EAST OF SW CORNER OF SEC, 33
Hogshooter formation,
‘Winterset limestone member.
Limestone, gray, fossiliferous, top eroded, not measured,
Coffeyville formation.

Shale, not measured, usually about R S 10.0
Sandstone, Dodds Creek, thin-bedded to massive, fine- to
medium-grained, light to reddisk-brown ... 35.0

Shale, base not exposed, not measured.
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8. SECS. 34, 35, 36, T. 23 N, R. 13 E, ALONG SOUTH SIDE OF,
FROM RAILROAD CUT IN SEC. 36 TO POINT 1/8 MILE
WEST OF SE CORNER OF SEC. 34

Feeot
Coffeyville formation.
Sandstone, not measured.
Covered, shale, dark with a few very thin fine-grained
T R L (T 7o) 01 =T SO PP 100.0
Sandstone, thin-bedded to masswe fine-gra.med light to
TeAAISN-DIOWIL  cooooooeieeenevescasinenemmesmsmsmeeeeemesannenocsssssnmse eanenasnssnannnnnes 20.0
Covered, shale with a tew very thin fine-grained sand-
BEOTIOE,  ooeeooeeoeeeeeeeeestessansrmnsssmmsmesesesmasessrass raoaosismmseeresenenemasnannnnnaenen 70.0
Checkerboard formation. :
Member 1.
T ATCHEOME  ooooeeoeeeeeeeeeeeeeeeeaeeceusmnmmstssesassnsnsasasmnnnnacttaesmemmmrnraneesnannsmnmsasnmsetatees 1.5
9. SEC. 36, T. 23 N,, R. 13 E,, IN THE RAILROAD CUT 14
MILE WEST OF SE CORNER
Checkerboard formation.
Member 1.
LANEBEOME - onoveeeireecoceeemeneesencaenmassmemssemseeecean e semmm e anmnssnnns e ee e e aaar e nanannn 15
Seminoele formation. :
Shale, QATK ..occoececerceeermremes s e rrs st s e s es st SRR 2.0
Sandstone, light-brown, thin-bedded, medium-grained epaesenssaeees 6.0
Shale, dark, base not exposed 3.0
10. SEC. 31, T. 23 N.,, R. 14 E, ALONG EAST SIDE OF SEY
Seminole formation. o
Sandstone, light-brown, thin-bedded, medium-grained, top
eroded ........... eemeemeneneas SR 5.0
Covered, probably shale .................... 20.0
Sandstone, light—colored speckled with brown, thin-bed-
ded to massive, medium-grained, thickness not meas-
ured but regionally it may be as much as 100 feet.
TOWNSHIP 24 NORTH
11, SEC. 19, T. 24 N., R. 12 E,, IN RAILROAD CUT NEAR B
CORNER ON ROAD SOUTH OF BARNSDALL
‘Weston shale.
“The Okesa”.
Sandstone, top eroded ... e 25.0
Covered, appears to be shale, weathers maroon in color ... 6.0
Birch Creek limestone.
Limestone, gray, crystalline, weathers red, few fossils,
lower part sandy, upper part contains cav1ties up to
2 inches in diameter filled or encrusted with calcite ....... 5.0
Wann formation.
Clay shale, dark .......ooomeeea. e meemmeeeteeeasamamesmmresareeeetastesssaseeaeann 1.0
Sandstone, nodular, MY e 05
Clay shale, dark, base not exposed .................................................. 6.0
12. SEC 11, T. 24 N, R. 12 E,, ALONG WEST SIDE NORTH
OF PUMP STATION
Wann formation,
Sandstone, thin-bedded to massive, buff to reddish-brown ... 18.0
Shale, dark, thin-bedded ... 1.9
Sandstone, light-yellow, massive ..o 1.8
Shale, DULT et msse et st e 1.4
Sandstone, lght-FelloW e 0.4
Thin sandstone and sandy shale strata, alternating, strata
0.5 FOOL ThICK cooeeiiveeeereemem e cmrran e s recs s rmeramn s re s e s s e nmoomenas 9.7
Sandstone, gray, base of Clem Creek sandstone .............. 0.3

Shale, weathers buff ............... eeeeameeereesssmesseiseeseseemseesseseseeesssemsneessnes 8.0
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Hoot
Limestone, reddish-brown, crinoidal ... ... 0.6
Shale .o, et ooeeeee et eamm et et e e e e e e e e e e en e s 0.1
Limestone, brachiopods, crinoids, Bryozoa, Myalina-like
FOTIS .. e 0.6
Marl, fossiliferous .......... e eereteeeeien e e e naeenn s eeeeoeeennan 0.5
Limestone, yellow to gray, massive, crinoidal ............... 15
Limestone, yellow, massive, fossiliferous ... 1.2
Limestone, yellow, nodular ... 15
Shale, weathers yellow to buff ..o 27.0
Limestone, pitted, sparingly fossiliferous ... 3.0
(This bed was followed to a point %4 mile south of N1
cor. sec. 12, T. 24 N,, R. 12 E., where it is the highest bed
of No. 13.)
13. SEC. 12, T. 24 N, R. 12 E,, ¥ MILE SOUTH OF N14 COR.
NORTH OF ROAD OPPOSITE HOUSE. (See No. 12).
Wann formation.
Limestone, pitted, sparingly fossiliferous ... e 3.0
Shale, dark, not well exposed ..o 45¢
Shale, calcareous with several thin limestone streaks,
fossiliferous ... 2.0
Shale, dark, base not exposed e e—a e —eeeen e e et e e eee e 120
14. SEC. 23, T. 24 N,, R. 12 E, NEAR CENTER OF WEST
SIDE UP HILL NORTH OF PUMP STATION
Wann formation.
Sandstone, weathers brown, thin-bedded, top eroded, soft ... 15.0
Shale, sandy ..o e 25
Sandstone, massive ... 4.0
Shale, Eray .. 2.0
Sandstone in layers 0.3 to 0.5 foot thick ... 3.0
Shale, very san@y ..o 3.0
Sandstone, soft, base of Clem Creek sandstone ... 1.0
Shale, dark sandy ..o 6.5
Limestone, brachiopods, crinoids, Myalina-like forms ............... 1.8
Shale, dark, not well exposed ..cooooveee " 14.0
Limestone, blue, weathers brown to yellow, fossiliferous ........ 2.0
Shale, sandy ... T 3.0
Sandstone in layers 0.1 to 0.5 foot thick, fine-grained .......... 8.0
Shale, gray, sandy with thin layers of sandstone, base not
EXPOSOU oot e 6.0
15. SEC. 25, T. 24 N,, R. 12 E,, FROM E¥% CORNER TO TOP
OF HILL, ALONG ROAD WESTWARD
‘Wann formation.
Sandstone, reddish-brown, plant remains, probably lower
part of Clem Creek sandstone ... . 10.0
Limestone, gray, basal part fusulina-bearing ... ... 42.0
Sandstone, cross-bedded ..o 4.0
Shale, sandy with thin beds of sandstone ... ... . . . 16.0
Shale, dark ..o 17.0
Limestone, weathers yellow, fossiliferous ... . . 1.0
Shale, dark .o 27.0
Limestone, weathers yellow, fossiliferous ... ... . .. . 2.5
Shale, dark, calcareous ... 77 16.0
Sandstone, fine-grained ... T 1.0
SRAS oo 11.¢
Sandstone, white to yellow, calcareous ... 1.0
Shale, calcareous ... T 21.0

Tola formation.
Avant limestone rmaember.
LAMESLONe oo i5
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16. SEC. 7, T. 24 N,, R. 13 E, ON THE WEST ONE OF TWO
PEAKS IN THE SE SW SW

Feet
‘Wann formation.
Limestone, caps Bill oo 2.0
Shale, covered, probably calcareous ... 75.0
Iola formation
Avant limestone member,
001 T =L R0 ¢ U U U 1.0

17. SEC. 24, T. 24 N, R. 12 E, IN THE DRAW EAST OF THE
PUMP STATION IN THE NW¥4. MEASUREMENTS
ARE APPROXIMATE.
TIola formation.
Avant limestone member.
B O N0y U=Y:1 00 o L= SO O OOPU 5.0
Muncie Creek shale member.
Shale, upper part dark with some thin-bedded sandy shale,
lower three feet black figsile shale, phosphatic nodules
observed in stream but not in place i 20.0
Paola limestone member,
Shale, calcareous clay shale at the stratigraphic position
of the Paola JImestone ..o e ee e ans 0.5
Chanute formation.
Carbonaceous shale member,

L0 7= N AN 0.2
Cottage Grove sandstone member.
Partly covered, sandstone at the top, not over ... 5.0

Dewey limestone, noi measured.

18, SEC. 30, T. 24 N, R. 13 E. FROM THE W CORNER EAST
TO BASE OF DEWEY LIMESTONE
Jola formation.
Avant limestone member.
01 T=1c1 7 0) ¢ L= SO VU U TPV U TR VUV RN 15
Muncie Creek shale member.
Shale, not well exposed, black fissile shale with phos-

phatic nodules in the DaBE ... 21.0
Paola limestone member. ‘
Limestone, marly, fossiliferoms ... s 0.8

Chanute formation.
Carbonaceous shale member,

] T: OO 0.3

Shale, not well eXPOSEUd i eccnes s i 3.0
Cottage Grove sandstone member,

Sandstone, soft, fine-grained, aboult ... 2.0

Thayer (?) coal member
Coal, possibly Thayer, but tilted eastward about 15° as
if by slumping or faulting, may be the coal 0.3 feet

thick mentioned abOVe ... e 0.3
Shale member,.
Shale, POOrlYy eXPosed ...t e e 14.0
Dewey limestone,
Gray, massive to shaly, fossiliferous ... 10.0

19. SEC. 29, 7. 24 N, R. 13 BE. FROM 1/8 MILE WEST OF E%
CORNER WEST TO DEWEY LIMESTONE OUTCROP
Nellie Bly formation (upper part).

Shale, SIILY .eeeicicieccrmiccma e canmsseesmesee s seem e s e st e menn e st emna e mas e n s 12.0
Sandstone, fine- gralned ........................................................................ b0
Shale, SIILY oot 9.0

Sandstone, fine-grained .. . 1.3
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Feet
Shale, silty ... 25
Shale, thin-bedded, Silty ... e 3.4
Sandstone, fine-grained ... .. T 2.0
Shale, thin-bedded, Silty ... e 20.0
Sandstone, fine-grained, base not exposed ... 3.6
20. SEC. 28, T. 24 N., R. 13 E. FROM CENTHER WESTWARD
Nellie Bly formation (lower part).
Sandstone, top eroded ... ..o 5.0
Shale, silty . ... e et e e e e ee e e ee oo 9.4
Sandstone, fine-grained ... T 1.6
Shale, SILY .o 15
Sandstone, fine-grained ... U 2.0
Shale, silty, thin-bedded ... T 10.7
Sandstone, fine-grained ... ... . "TTTTT 1.0
Shale, BIILY oo 3.0
Sandstone ... T 0.3
Shale, silty ... ... T . 1.0
Sandstone, fine-grained ... 0.4
Shale, thin-bedded, silty U7 X |
Sandstone, fine-grained in beds 3% inch thick ... .. 3.5
Shale, thin-bedded, silty, base not exposed ... 14
21. SEC. 34, T. 24 N,, R. 13 E. NEAR CENTER OF SECTION
Hogshooter formation.
Winterset limestone member.
Limestone, gray, fossiliferous ... 6.0
Coffeyville formation. .
Shale, dark, base not XPOSER .. 3.0
22. SEC.16,T.24 N.,, R. 13 E., %4 MILE WEST OF THE SE COR.
Hogshooter limestone.
Limestone, top eroded.
Coffeyville formation. :
Shale, dark, base not exposed ... 26.0

23. SEC. 28, T.24N., R. 13 E., BACK OF SCHOOLHOQUSE AT RAMONA
Hogshooter formation.
Winterset limestone member.

Limestone, gray, top eroded ... 5.0

Limestone, gray, crinoidal ... T - 5.5

Shale, caleareous ... T 18

Limestone, dark, erinoidal .. ... T 1.0
Coffeyville formation. :

Shale, base not exposed ... ... 10.0

24. SEC. 16, T. 24 N, R. 13 E,, % MILE WEST OF. SE CORNER
Hogshooter formation.
Winterset limestone member.

Limestone, top eroded ..o - 4.0
Coffeyville formation.

Shale, dark, ba,sé not exposed ... 26.0

25, SEC. 9, T. 24 N, R. 14 E., CENTER OF SEY
Coffeyville formation (middle part).

Shale, top €roded ..o 2.0
Sandstone, massive, upper 0.5 foot weathers in long slabs,

used for fence POSES oo 6.0
Sandstone, thin-bedded ..o 17.0

Shale, thin-bedded, sandy, grades upward into sandstone,
base NOt eXPOSEd ........occoiomioeeeeeeeeeee 8.0
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26. SEC. 16, T. 24 N, R. 14 E,, SW SE NW, IN A DRAW
Coffeyville formation (middle part).

Shale, tOD €POAeA ...ooceeirccrrceeicrcea e cceem e et et

Sandstone, resistant at the top, shaly in lower part

Sandstone, massive and resistant at the top, thin-bedded
and shaly at the base
Sandstone, resistant at the top, grades downward into
sandy shale ..

27. SEC. 17, T. 24 N, R. 14 E,, NE NE NE
Coffeyville formation (middie part).

Shale, tOD €Toded ..o cerrrie e e e
Sandstone, weathers into long slabs, used for fence posts ...

Shale, sandy
Sandstone, thin-bedded to massive
Shale, 53andy ....ceeececemes
Sandstone .......cccceeeee.

‘ 28. SEC. 17, T. 24 N, R. 14 E,, SW NW NW
Coffeyville formation (middle part).
Sandstone, top eroded
Sandstone, thin-bedded and shaly
Sandstone §

Shale, thin-bedded, sandy, sand increases upward

Coffeyville formation (lower part).
Shale, weathers yellow, very sandy, tree covered, top

Ly sV =1 (R OO U OUR OO P
Sandstone, Eray, MABSIVE e
Shale, dark, blocky, silty, a few poorly defined nodules ......
Sandstone, gray, MASSIVE ..o s

Sandstone, gray, thin-bedded, fine-grained, shaly
Shale, dark

Shale, gray, thin-bedded, slightly sandy

(Bed of Caney River)

30. SEC. 32, T. 24 N., R. 14 E, SOUTHWEST CORNER

Coffeyville formation (lower part).
‘ Covered, timbered slope to top of knoll capped by a thin
sandstone, bare spots indicate this interval is pre-

dominantly BRAe . e

Covered, grassy timbered slope, probably sandy shale

Shale, dark, thin-bedded, a few sandy streaks
Nodule bed, thin, round, pancake-like sideritic concretions
Shale, dark oo

Sandstone, resistant at the top, shaly in lower part ...

Shale, dark, thin-bedded, base not exposed ...

Shale, dark, thin-bedded-,mslightly sandy, base not exposed ...

Shale, thin-bedded and 8andy ...
T8 8 11 210 0 ) 1 0= ST PO O PP TOOF P

‘Shale, dark and thin-bedded, base not exposed ...
29, SEC. 17, T. 24 N., R. 14 E,, NEAR BRIDGE IN SW CORNER

FoTz0 (1 [0 41 YRS

Shale, dark, almost fissile, base not exposed ...

QOIS EONIE oo eeeeeeeeceercememmeiceceeeoesoesceoimesmsmmmmmeeesessaseressasntomssmoosamesesnees

Nodule bed, like that above e
Shale, dark, base NOt €XPOBEd ..o

183
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TOWNSHIP 25 NORTH

31. SECS. 13, 14, 15, T. 25 N., R. 12 E. FROM 1/8 MILE NORTH
OF 814 CORNER OF SEC. 16 TO % MILE WEST OF SE
CORNER OF SEC. 13. (West Dip Allowed
50 Ft. Per Mile)
Weston shale.

“The Okesa”. Foot
Sandstone, about ..o 2.0
Shale, weathers red, poor eXposure ... 40.0
Sandstone, weathers reddish-brown, fine-grained ... ... 3.0
Shale, weathers red ..o . . .. 70.0

Sandstone, weathers reddish-brown, thin-bedded to mas-
sive, shale bands in lower 10 ft., medium to fine-

Brained ... 37.0
Birch Creek limestone.
Limestone, thin-bedded, brown, fossiliféerous ... 3.0

Wann formation.
Shale, weathers yellow, slightly sandy with a few thin

sandstone beds 0.1 foot thick ..o o 65.0
Limestone, gray, shaly e ene e e mrassbamtneeon eemeeaeeeeeeans 2.0
Shale, weathers yellow, not well exposed .o 80.0
Limestone, shaly, contains Letorhynchus rockymontanus

and associated fossils ... e tnanemen e n e 2.0

Covered, shale for the most part, weathers yellow, probably
containg Iola formation and upper part of Chanute
formation et e e eee e mmn a8t te e e e e e e e e e et e et 155.0
Chanute formation.
Cottage Grove sandstone member.
Sandstone, poorly exposed, about ..o 10.0
Thayer coal member, not observed.
Shale member.
Shale, underlain by Dewey limestone ... 100

32. SECS. 1,2, 3,4 T. 25 N.,, R. 12 E. FROM POINT 1/8 MILE
WEST OF SW CORNER OF SEC. 3 TO POINT 300 FEET
EAST OF SE CORNER OF SEC. 2
Birch Creek limestone. ‘
Limestone, brown, sandy, a few crinoids ... .. eemeeneaens 2.0
Torpedo sandstone and overlying shale.
Overlying shale.

Shale, dark, weathers yellow, not well exposed ... ... 20.0
Torpedo sandstone.
Sandstone, not well exposed, about ... 40.0

Wann formation,
Shale, yellow to buff, in part calcareous, contains Leior-
hynchus rockymontanus, which is common in the
limestone and calcareous shale zZone ... 250.0
Iola limestone.
Avant limestone member.

Limestone, white, crinoids and brachiopods ..o - 2.0
Muncie Creek shale member.

Shale, weathers light DUff ..o 9.0
Paola limestone member.

Limestone, marly, fossiliferous ... . 0.6

Chanute formation,
Carbonaceous shale member.
Shaie, weathers light buff to yellow, no coal ... 3.0
Cottage Grove sandsione member.
Sandstone, buff to brown, thin-bedded with shale partings,
fine-grained ........ R 10.0
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Thayer coal member. Feeot
QOB oo ee e eeeeeeaaeeeimeeeaseneaseeeeesesiesseeesoeeenoeeestescmeiesmisseezinsssiserises 0.1
Shale member.
Shale, dark, weathers yellow oo 6.0

33. SEC. 1, T. 25 N, R. 12 E.,, NW NE, WHERE CANEY
RIVER LEAVES THE RAILROAD AND FLOWS
EASTWARD. SECTION BEGINS IN WEST
BANK OF RAILROAD CUT AND ENDS 400
TEET DOWN STREAM
Iola formation.
Avant limestone member.

Limestone, yellow, fossiliferous, full of crinoid stems ........... 1.0
Muncie Creek shale member.

Shale, phosphatic nodules in the base ... 1.0
Paola limestone member.

Limestone, marly and sandy ... 0.2

Chanute formation.
Carbonaceous shale member.
C0oal e FR e miaaeeeussssevesmssesiessassesseseessmmsesoa-ser--- 0.1
Clay, UNAETCIAY 7 e iireeeiasmm e e emsm e st s e 0.2
Cottage Grove sandstone member.
Sandstone, gray to yellow or light buff, thin-bedded to

massive, fine-grained ... 20.0
Thayer coal member.
Coal, contains shale partings . ... 15
Shale member.
Covered, probably shale ... 16.0
Dewey limestone.
Limestone, massive, base NOt €XPOSed ..oovoocecoercnscicicecmcmrasmnneeees 10.0

34. SEC. 12, T. 25 N,, R. 12 E,, EASTWARD DOWN DRAW
FROM CHURCH SOUTH OF W3 CORNER TO RAIL-
ROAD TRESTLE, SECTION LIES SOUTHWARD
ALONG RAILROAD TRACK
Iola limestone.
Muncie Creek shale member.
Shale with phosphatic nodules found in stripped area
gsouth of draw. Not measured.
Paola limestone member.
Represented by marly limestone in stripped area and
by the limy sandstone along edge of draw. This sand-
stone is dense, massive, and the top is pitted .............. 4.0
Chanute formation,
Carbonaceous shale member, not present.
Cottage Grove sandstone member.

Sandstone, buff, thin-bedded to massive, fine-grained ......... 215
Thayer coal member.
(0772 OV 0.5

35. SEC. 12, T. 25 N., R. 12 E,, % MILE NORTH OF W% CORNER
Iola formation.
Avant limestone member.
Limestone, gray, crinoidal ... 2.0
Muncie Creek shale member.
Shale, blue, weathers yellow, phosphatic nodules observed
but not in place, lower part of this shale may be
Chanute fOrmMatiOn .....o.ooiococoeoeoreoceimercrreemss e e mee e s cne 9.0
Chanute formation.
Carbonaceous shale member not observed.
Cottage Grove sandstone member.
Sandstone, yellow, mMICACEOUS .o 1.0
Shale, weathers yellow
SANASLOTIE  .ntooeeeeeee e oo eeeeeeeeeaeesoces s e e s seeaan s smmeeesmanesmsmsmamtnesamsrorannnneaans 5.5
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Feet
Thayer coal member.
0l e 0.2
Shale member.
Shale, Qark ... 8.0

36. SEC. 24, T. 25 N., R. 12 E., % MILE SOUTH OF NW
CORNER, IN DRAW EAST OF ROAD

Iola formation.
Avant limestone member.
Limestone, granular, fossiliferous, top eroded ... ... 1.0
Muncie Creek shale member.
Shale, limy, phosphatic nodules, may represent both
Muncie Creek shale and Paola limestone ... . . 1.0
Chanute formation.
Carbonaceous shale zone.

Shale with sooty partings ..o 0.3
Cottage Grove sandstone member,
Sandstone, very shaly and thin-bedded, base not exposed ........ 2.0
37. SEC. 25, T. 25 N,, R. 12 B. AT THE WEST % CORNER
IN STREAM

Chanute formation.
Cottage Grove sandstone member.

Sandstone, brown, thin-bedded, soft, top eroded ... ... ... 5.0
Thayer coal member? and shale member?
Covered ..o 5.0

Dewey limestone.
Limestone, not measured.

38. SECS. 33 and 34, T. 256 N., R. 13 E.

Nellie Bly formation.
Upper 100 feet silty shale and thin silty sandstone beds,
lower 40 feet shale, total thickness ..o 140.9

39. SEC. 6, T. 25 N,, R. 14 E.,, NEAR NW CORNER

Hogshooter formation.,
Winterset limestone member.

Limestone, gray, fossiliferous, top eroded ... 6.0
Stark shale member.

Shale, yellow, calcareous . ... 0.5

Shale, black, fissile ..o 3.0
Canville limestone member.

Limestone, brown, siliceous, nodular ... 1.1

Coffeyville shale.
Shale, yellow, calcareous, base not exposed ... 2.0

40. SECS. 12 and 13, T. 25 N, R. 13 E. FROM BASE OF HOG-
SHOOTER LIMESTONE % MILE NORTH OF SE COR. SEC.
12 TO BASE OF DODDS CREEK SANDSTONE AT
THE E% COR. SEC. 13

Coffeyville formation (upper part).

Shale, dark, somewhat SanAY oo e 10.0
Sandstone, (Dodds Creek), thin-bedded, ferruginous (Lay-
ton sand of BUDbSUETACE) e 30.0

41, SEC. 10, T. 25 N, R. 14 E. ¥ MILE SOUTH OF WEST % CORNER

Coffeyville formation (in middle part).
Shale, sandy, top eroded ... 5.0
Sandstone, brown, thin-bedded, medium-grained .................... 15.0
Shale, sandy, base not exposed, not measured.
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42, SEC. 10, T. 25 N, R. 14 E. % MILE EAST OF SW CORNER

Feet
Coffeyville formation (in middle part).
Shale, sandy, top eroded, not measured.
Sandstone, gray, brown, or yellow; micaceous, ferrugi-
nous, soft crosg-bedded ... 10.0
Shale, sandy -..—...c...— eeeeemmmemmmmeoteseeseeeasesssmsesesmsmmsssesee<<ee<icssssmsmssmes 5.0
Sandstone, gray, brown, or yellow, micaceous, ferrugi-
nous, soft, cross-bedded and thin-bedded ......cciiiicen. 15.0
Shale, sandy, base not exposSed .. 6.0
43. SEC. 23, T. 25 N, R. 14 E,, SE%
Coffeyville formation.
Shale, black, fissile, top eroded, contains phosphatic
TOAUIEE ooooeecceeeeeeeeecaeeeeseeacemanensrremsestamsmmmmemsesmmmsesssseenbmbneerssanssmmeessnn 2.0
Checkerboard formation.
Member 1.
Limestone, gray, splits into thin flakes in weathering ... 2.0
Seminole formation.
Sandstone, base NOt 6XPOBEAd .o 3.0
44. SEC. 5, T. 25 N., R. 15 E. ¥ MILE WEST OF CENTER
Coffeyville formation (lower part).
Shale, gray, top not exposed, not measured.
Limestone, gray to brown, conglomeratic ... 1.0
Shale, Zray .evececccmemenenns eeeeeemeeemomeieesteesamtesmeeesesctesseessmeeanmmssennen 12.0
Shale, black, FISSIle .ecioeeeeesesersoses e s e 12.0
Limestone, conglomeratic .. L 1.0
Shale, black, FiSSIIE it 4.0
Shale, black fissile, abundant phosphatic concretions ........... 2.0
Covered, not measured, probably consists of 2 feet of
black, fissile shale succeeded by the Checkerboard
limestone, which is usually 1 foot thick.
45. SEC. 30, T. 26 N, R. 15 H,, NW NW
Coffeyville formation.
Sandstone, caps hill top, top eroded, about ... 2.0
Covered slope, probably sandy shale .. eveeammeeeenneaneenes 23.0
Bench, probably a soft sandstone about ... 2.0
Covered slope, probably shale .o 33.0
Bench, probably a soft sandstone, about ... 2.0
Covered slope, probably Bhale ... 28.0
Checkerboard formation.
Member 1.
Limestone, gray, splits into thin flakes in weathering .......... 3.0
Seminole formation.
SALE oo eeeeeceecetesameseeameneseseseiecismessessmsmeesessmeetebaemeeseesseaneesesstaranenias 2.0
SODABEOTIO oo ceecmemcesveeemeemeeesseesessisraessmmmmsarmsestaa s shinenmnsmnnas et st s 6.0
Sandstone, shaly ...... ; e eeeemeemeeeeeeonsewaseesbasmeereaemamtemressananssnans 3.0
Sandstone . eeeeeeeeeeemsaeeeesemeemmtotessescascessssasstesressessmsmress 1.0
Shale, BANAY ..coccoeececoecececrcmcmsinserenrn s sassss s ns s s st e 45
Shale, £ray, FIBBIIE creeorrei s 45
Flag bed, IHMONILIC oo e 0.1
Shale, dark, fissile, base not exposed ......ccoceneee eeeneteaaemneemeeanan 4.0
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46. T. 25 N, R. 15 E. FROM THE BASE OF THE LENAPAH LIMESTONE
TO THE TOP OF THE CHECKERBOARD LIMESTONE, BEGIN-
NING AT THE NE CORNER OF SEC. 27, GOING WEST
ALONG ROAD TO NW CORNER OF SEC. 28, THENCE
% MILE NORTH TO BASE OF THE UPPER
SANDSTONE OF THE SEMINOLE FOR-

MATION. FROM THE BASE OF THIS
SANDSTONE TO THE TOP OF THE
CHECKERBOARD LIMESTONE WAS
MEASURED IN SEC. 25, T.

256 N, R. 14 B,

Feet
Missouri subseries.
Checkerboard formation.
Member 1.
Limestone, gray, fossiliferous ... . 1.0
Seminole formation. )
Shale, 8anAY ..o 1.0
SandsStone ... 6.0
Shale OSSN | X |
Sandstone, thin-bedded ... ... 15.0
Shale, somewhat sandy ... T 5.2
Sandstone, brown, thin-bedded ... ...~ 45
Covered, probably all shale ...~ 8.9
Coal, DaAWSON .o 0.1
Covered, probably shale ... T 2.5

Des Moines subseries.
Lenapah limestone.

Limestone, gray, marly, very fossiliferous ... ... 3.0
(Fossils from this bed and from the roadside ditch
are C’honptes granulifera abundant, Mesolobus com-
mon, Prismopora, Composita, Pustula, Spirifer, and
crinoids.)

Covered, a few exposures of calcareous shale ... 5.7
(Upper 2 feet exposed and ecrammed with fossils,
mostly Chonetes granulifera.)

Limestone, gray to reddish, siliceous, hard, even-bedded,

Crinoidal ... 0.6
Limestone, gray to brown, siliceous, rough-pitted surface,
crumbly on extreme weathering ... 1.2

Nowata shale, not measured,

TOWNSHIP 26 NORTH

47. SEC. 14, T. 26 N, R. 11 E.,, IN THE CLIFF ON THE NORTH
, BANK OF SAND CREEK ABOUT 14 MILE EAST OF
THE W4 CORNER '

Weston shale,
“The Okesa”. .
Sandstone, massive, gray, medium-grained, some red
streaks near the base, caps ridge, top eroded ... 10.0
Covered, probably thin sandstones and sandy shale ... 45.0

Birch Creek limestone.
Limestone, rests on uneven, eroded surface of underlying
Torpedo sandstone, filling hollows and covering high
points, gray on fresh surfaces, weathers rusty-red,
heavy, sparingly fossiliferous except in upper 1 foot ....... 10.0

Torpedo sandstone and overlying shale.
Overlying shale.
Absent, removed by pre-Birch Creek erosion.
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48. VICINITY OF THE MOUND, BARTLESVILLE. SEC. 3, T. 26 N,,
R. 12 E.
(From the end of the sandstone outcrop at the white
house 14 mile southwest of The Mound to top of The

Mound)
Feet
Weston shale.
“The Okesa’.
Sandstone, brown, fine-grained, massive; caps Mound .........._._... 10.0
Covered, steep slope, probably shale ... 65.0
Birch Creek limestone,
Limestone, brown, extremely Sandy oo caees 2.0
Marl, foSSIHTerOMS oo 3.0
Torpedo sandstone and overlying shale.
Overlying shale,
Covered, steep slope, probably all shale, upper part fos-
20 LN C=) o0 ) VI SOV UN 50.0
Sandstone, brown, about e 2.0
Covered, probably shale ... 30.0

Torpedo sandstone.
Sandstone, not measured, faulted off at this point and
in contact with the Cottage Grove sandstone member
of Chanute formation.

49, SEC. 19, T. 26 N, R. 12 B, IN THE NORTH BANK OF THE
ROAD UP THE HILL 500 FEET SOUTH OF THE NW CORNER
Torpedo sandstone and overlying shale.
Overlying shale,
Shale, top eroded ..o 10.0
Torpedo sandstone.
Sandstone, thin-bedded to mmassive, reddish-brown, med-

31 (R oo =Y o SO OO 60.0
Wann formation.
Shale, thin sandstone beds in the upper 10 feet ... 25.0
Shale, gray, thin sandstone beds in upper 10 feet, base
NOt EXPOSEA oottt anr et moen e s semee e eamnme e seeanas 55.0

50. SECTION MEASURED BY JOSEPH L. BORDEN ON CIRCLE
MOUNTAIN, SEC. 36, T. 26 N,, R. 12 E,
(Formation names by M. C. Oakes)
Torpedo sandstone and overlying shale,
Overlying shale.
Not present.
Torpedo sandstone. Top eroded.

Sand, massive, blocky, caps hill, more than ... ... 3.0
Covered, probably shale ... 9.0
Sand, reddish, massive, DIOCKY i, 4.0
‘Wann formation.

Shale, blue-gray, fossiliferous, limonitic ...l 46.0
Lime, rusty, blue-gray on fresh breaks, platy, very fossili-

ferous, abundant fusulinids ... 2.0
Shale, blue-gray, fossiliferous ... 10.0

Limestone, red, sandy, fossiliferous, grades into gray,
magssive, very fossiliferous limestone 14 mile to the

B 010 )t 1 4 R .. 40
Covered, probably shale .. .. 130
Sand, grades into 15 feet of massive sand ’/4 mile to north;

Clem Creek sandstone of EmMeTy .ot 8.5

Shale, badly covered with slump, where seen in gulleys
exposures are gray to drab, probably some thin
sands. Saw slump of red, fossiliferous sand but did
not find In PlACE ..o rneer e s 200.0
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Torpedo sandstone. Feet
Sandstone, massive, medium-grained, reddish- brown, con-
tains a few limy lenses 1 to 2 feet in length lower
half in beds 1 to 3 feet thick, upper balf in beds 3
to 10 feet thlck ................................................................................ 60.0
‘Wann formation.
Covered, steep bank down to bed of Sand Creek, probably
shale ...................................................................... 30.0
Iola formation.
Limestone and shale, see No. 33 for continuation of this
section to Dewey limestone.

51. SEC. 11, T. 26 N,, R. 13 E.,, 1/8 MILE NORTH OF TIHRE
SE CORNER

Chanute formation.
Cottage Grove sandstone member.
Sandstone, buff to reddish-brown, thm—bedded to massive,

fine-grained, top eroded .......ooooooorioeooeoeeeeeee 10.0
Thayer coal member, '
Lo OSSOSO -0.1
Shale, dark a mass of plant fossils, good collectmg ................ 2.7
Coal e - etemmeeeeee e e s s nmeaeaan 0.1
Shale, light buff color ...................... 29
L0 - ) U T 0.1
Shale member.
Clay shale, SomeWhat SANAT oo 9.0

Dewey limestone, not measured.

52. SEC. 14, T. 26 N,, R. 12 E, % MILE SOUTH OF NE CORNER
Chanute formatlon
Cottage Grove sandstone member.
Sandstone, reddish brown, thin-bedded to massive, top
eroded . 10.0
Shale, SaADAY e 6.0
Thayer coal member, does not crop out.
Shale member.
Shale, poorly exposed ; e amammaemteeesseeee et maaann 22.0
Dewey limestone, not measured,.

53. SEC. 19, T. 26 N., R. 13 E., E¥ CORNER
Chanute formation.
Cottage Grove sandstone member.

Sandstone, light-yellow, soft, thin-bedded, top eroded ............... 5.0
Thayer coal member.

70 SOV 0.1
Shale member.

Shale, very sandy, micaceous ... 5.0

Shale, poorly exposed . 15.0

Dewey limestone.
Limestone, light colored, relatively massive with minor

shale partings, fossils do not weather out ....oooonvoooeeeoo. 15.0
Limestone and calcareous shale in alternating thin beds,

01T TR RN =) o) - S USROS 14.0
Limestone, dark, calcareous, foss111fer0us ...... 1.0
leestone, sandy and shaly, very fossiliferous —.ooveeeeieennnn, 2.b

Nellie Bly formation, not measured.
64. SEC. 19, T. 26 N., R. 13 E,, %4 MILE SOUTH OF NE CORNER

Dewey limestone, top eroded ........................... 3.0
Nellie Bly formation.

Sandstone, fine-grained, cross-bedded . . 6.0

Shale, micaceous, carbonaceous, Calcareous .......oeeooeeenn. 6.0

Sandstone, fine-grained, thin-bedded, silty, base not ex-
posed eeemmeeememsesesssscsssanes 15.0
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55. SEC. 20, T. 26 N, R. 13 I, %4 MILE SOUTH OF NW CORNER
Feet

Dewey limestone.
Limestone, top eroded, not measured.
Neilie Bly formation.

Sandstone, thin-bedded, fine-grained, cross-bedded ............... 6.0
Shale, thinly laminated, carbonaceous, micaceous, cal-

CATEOMS  coneooooeeesaeacssnnsssmsmmmmmassrmsassnmnseeeeneoaessnnsmtcmeasssssmsmsasnsansssmnnsansenas 6.0
Sandstone, thin-bedded, fine-gramed sﬂty, base not ex-

10T =1 o R OSSR 16.0

56. SEC. 25, T. 26 N., R. 13 E., NEAR SE CORNER
Dewey limestone.
Limestone, not measured.
Nellie Bly formation.
Clay shale, silty shale, thin-bedded, fine-grained, silty
sandstone, total thickness . s e 100.0
Hogshootfer limestone.
Not measured.

57. SEC. 13, T. 26 N., R. 13 E,, AND SEC. 18, T. 26 N, R. 14 E.
FROM 14 MILE NORTH OF THE SE CORNER OF SEC.
13 TO 14 MILE WEST OF THE SE CORNER OF
SEC. 18
Dewey limestone.
Limestone, not measured.
Nellie Bly formation.
Clay shale, silty shale, thin-bedded, fine-grained, silty
sandstones, total thickness ..o 100.0
Hogshooter limestone.
Limestone, not measured.

58. SECS. 4 and 5, T. 26 N, R. 14 E,, ALONG WINDING ROAD
FROM CENTER OF SEY% OF SEC. b TO TOP OF THE
HOGSHOOTER LIMESTONE IN SEC. 4

Dewey limestone,
Limestone, not measured.
Nellie Bly formation.
Clay shale, silty shale, thin-bedded, fine-grained, silty
sandstones, total thiCKNEss .t 140.0
Hogshooter limestone.
Limestone, not measured.

59. SEC. 9, T. 26 N, R. 14 E,, 1,500 FEET EAST OF SW CORNER.
THICKEST XKNOWN SECTION OF THE HOGSHOOTER LIMESTONE
Hogshooter formation.
Winterset limestone member,
Limestone, gray, rough, platy, forms weed-covered slope

to the top of the Hogshooter limestone ... ..o 7.0
Limestone, gray, massive, sparingly fossiliferous, shat-

ters in weathering .c.ccooeeeeeeeeeeee. .. bo
Limestone, gray, massive, sparingty fossiliferous, shatters

AR =T N 1<) o 8 - OO 2.0
Limestone, buff colored ..o 2.0
Limestone, buff colored e - X
Limestone, massive, fossiliferous .. 14
Limestone, rough, platy, very fossiliferous ..o, 3.0

Limestone, dark, badly weathered, contains phosphatic
nodules, believed to be the dark, crinoidal, nodular, basal
bed Of OtREI ATrEAS o iieeeeeceeoceeteeeeam o maeesenn s aesanesananarmnerannnnnns 0.3
Logt City limestone member.
Limestone, gray, soft, platy, oceurs in the bed of the creek,
not present in any other locality visited, base not ex-
posed ..eceeeaee- e eeeeeememmamsstesssesemssmssesessfmteeessesssssessemsnonsinnnons 1.7
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60. SEC. 14, T. 26 N,, R. 14 E, EAST % CORNER

Feet
Hogshooter formation.
Winterset limestone member.
Limestone, gray, fossiliferous, top eroded ..., 4.0
Coffeyville formation.
E51 1= N =T~ o . S 1.5
L0 U 0.2
Shale, gray, base not exposed, not measured.
61. SEC. 14, T. 26 N., R. 14 BE.,, WEST % CORNER
Hogshooter formation.
Winterset limestone member,
Limestone, gray, fossiliferous, top eroded .......coooooomeioiii. 3.0
Coffeyville formation,
Shale, gTaY, SANAY oo e e 11.0
0 3 T 0.4
Shale, gray, sandy, base not exposed .. 2.0
62, SEC. 15, T. 26 N, R. 14 E.,, NORTHWEST CORNER
Hogshooter formation.
Winterset limestone member, )
Limestone, gray, fossiliferous, top eroded ... ... 5.0
Coifeyville formation. :
Shale, weathers yellow, poorly exposed oo, 9.0
SANASEONG oo e e 0.3
Shale, SANAY e e e 5.0
SANABEDNG oot e 0.7
Shale, light-colored, Sandy ... 5.0
Sandstone, light-colored, fine-grained, thin-bedded to mag-
<1 U 10.0
Lo U 0.2

Shale, light-colored, thin-bedded, sandy, base not exposed ... 2.0

63. SEC. 27, T. 26 N., R. 14 E., BEGINS 150 YARDS SOUTH OF
SW CORNER, EXTENDS 14 MILE NORTH
OF THAT CORNER
Hogshooter formation.
Winterset limestone member.
Limestone top eroded, not measured.
Coffeyville formation,

Sandstone, thin-bedded, Shaly ..o 4.0
Shale, silty, MICACEOUS .. o 9.0
Sandstone, thin-bedded, micaceous ... 2.0
Shale, very sandy, silty, miCaceOUS oo 7.0
Sandstone, thin-bedded, micaceous, ferruginous ... 4.0
Shale, very sandy, and sandstone, thin-bedded, micaceous ... 13.0
Shale, light-colored ..o 4.0
Sandstone, 'light-colored, thin-bedded ..o 11.0

Shale, sandy, base not exposed.

64. SEC. 31, T. 26 N,, R. 14 E,, 0.1 MILE SOUTH OF CENTER
Hogshooter formation.

Winterset limestone member.

B b1 LT ) s L= 17.0
Stark shale member.
Shale, black, fissile, contains large sideritic conecretions ... ... 4.0
Canyville limestone member.
Limestone, light-colored, SiliGEOUS oo oeeeee o 1.0
Cotfeyville formation.
Shale, sandy, light-colored ... 6.0

Sandstone, shaly, base N0t exXPOSEA «oooeeeeeeeeee e 2.0
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65. SEC. 7, T. 26 N.,, R. 15 E,, ¥4 MILE EAST OF SW CORNER
Feet
Hogshooter limestone.

.Limestone, gray, fossiliferous, top eroded ... ... 5.0
Coffeyville formation.
Shale, thin-bedded, sandy
Sandstone, light-colored, thin-bedded, fine-grained to
=1 17 OO U SOOI OTIPOY: - 40.0
Shale, sandy, not measured.

66. SECS. 3,4, 5, T. 26 N,, R. 15 E,, FROM A POINT 200 FEET
EAST OF THE NW CORNER OF SEC. 3 TO THE N4
CORNER OF SEC. 5. (Dip allowed, 25 feet per mile.)
Missouri subseries.
Hogshooter formation.
Winterset limestone member.

Limestione, gray, fossiliferous, top eroded ereeeeeeee e 100
Coffeyvilie formation
Sandsitone and sandy shale, poorly exposed .................... 30.0
Shale, POOTIY €XPOSEd .ot e 40.0
Sandstone and sandy shale, poorly exposed ............................ 15.0
Covered, grassy slope, probably shale .o £80.0
Sandstone with about 4 feet of limy sandstone at the base .. 15.0
Shale, dark, poorly exposed, phosphatic nodules in base ... 55.0
Checkerboard limestone, should occur at this horizon, does
not crop out at this place .. 1.0
Seminole formation.
Sandstone and sandy shale, poorly exposed .................. 200

Des Moines subseries.
Lenapah limestone,
Limestone, base not exposed, not measured.

67. SEC. 11, T. 26 N.,, R. 14 E, 900 FEET NORTH OF THE SW CORNER
Coffeyville formatlon (m upper part).

Shale, sandy, forming slope of hill, not measured.

Sandstone, light-colored, fme-gramed massive to thin-

DEAAERA e eeee e esteeee e e e aaammeseemms emaameneeateeamnemm e ennan e 12.0
Cozal, probably about 40 feet below top of Coffeyville for-
 0a TN AT ) o RS SRPRIPOPS 0.4

Shale, Hght-colored, thin-bedded, sandy, not measured.

¢8. SEC. 21, T. 26 N, R. 14 BE,, NORTH 4 CORNER
Coffeyville formation (in upper part).

Shale, sandy, top eroded ... 2.0
Sandstone, MASSIVE ...t e te s e 3.0
Shale, SANAY coeooeeecersiiaceaentiee e emee e eenesmssamen e s e s nnsa s s e s 7.0
Coal, shale parting 0.2 ft. thick, probably 40 feet below top

of Coffeyville formation, Cedar Bluff coal ... 0.5

Shale, sandy, base not exposed, not measured.

69. SEC. 15, T. 26 N., R. 14 E.,, CENTER OF SECTION
Cotfeyville formation (in upper part).

Sandstone, light-colored, massive, fine-grained, top eroded . 12,0

' Shale, light-colored, thin-bedded ... 2.0
Coal, probably 40 ft. below top of Coffeyvﬂle formatlon,

Cedar BIUff COal ..o s s e e 0.1

Shale, base not exposed.

70. SEC. 35, T. 26 N., R. 14 E,, FROM SE CORNER 14 MILE NORTH
Coffeyville formation (in middle part).

Shale, sandy, top €roAed ... e 3.0
Shale and sandstone in alternating thin beds ......onenn - 7.0
Sandstone, MABBIVE ..o s 2.0

Shale, sandy, with a few very thin gandstone beds .................. 22.0
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Feet
Shale, silty, with thin sandstone beds oo, 2.0
(7 cF: 0 LTSS SO 2.0
Sandstone, thin-bedded ... 4.0
Bhale, SIIEY e 1.5
Sandstone, Massive ... 15
Shale, dark, silty ................ Lt e e e n et mnmeeeaeeeeesiee oo eomee e e eemeaeeeeen 5.0
Sandstone, thin-bedded . .. ..o 6.0
Shale, SANAY e 6.0
Covered, talus slope, hot measured.
71. SECS. 32, 33, 34, 35, T. 26 N,, R. 15 E.,, FROM POINT 1%
MILE WEST OF SE CORNER OF SEC. 32 TO OUTCROP
OF LENAPAH LIMESTONE IN SEC. 35
Coffeyville formation (lower part).
Sandstone, gray to reddish-brown, medium- to fine-grain-
ed, thin-bedded, top eroded ... .. ... 6.0
Shale, DULE, SANMAY oo 25.0
Sandstone, thin-bedded ... 20.0
Shale, ark e 20.0
Limestone, sandy, phosphatic, hematitic, glanconitic ............... 2.0
Shale, dark, phosphatic concretions in base oo, 60.0
Checkerboard limestone, does not crop out along road but does
S0 - at this horizon Near DY .o 1.0
Seminole formation.
Sandstone, weathers brown, thin-bedded, medium-grained ...... 4.0
Shale, dark, not well exposed ......... ceeeeeee 0.0
Sandstone, reddish-brown, thin-bedded, medlum-gramed ........ 490
Shale, dark, not well exposed no cecal observed base of
Semmole ............................................................................................. 6.0
TOWNSHIP 27 NORTH
72. SEC. 12, T. 27 N.,, R. 12 B, NWi4
(Go northwest from school house past two
silos, take trail to top of hill, poor exposures.)
‘Weston shale.
“The Okesa’.
Sandstone and shale in alternating beds 1 to 4 feet thick ...... 10.0
Covered, steep rocky slope, seems to be shale ... .. 80.0
Birch Creek limestone.
Limestone, fossiliferous, Marly ..o 1.0
Torpedo sandstone and overlying shale.
Overlying shale.
Covered, steep rocky slope, probably shale ..o, 30.0
Torpedo sandstone,
Sandstone bench, exposed ... 10.0
Wann formation. _
Covered slope, probably shale ... 105.0
(Base of formation covered by alluvium)
‘ 73. SEC. 26, T. 27T N, R. 12 E. SW SW
‘Weston shale.
“The Okesa’.
Sandstone, top eroded .. ... 5.0
3] 1 ) OO S R 3.0

Birch Creek limestone.
Limestone, bluish white, dense, fossiliferous, poorly ex-
DOSEU e et e et e et e e e e e e e et oo 2.0
Torpedo sandstone and overlying shale.
Overlying shale.
Covered, grassy slope, probably shale ... s 45.0
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Feet
Torpedo sandstone.
Sandstone, @ DOOT OULCIOD ....ccioeureuieariaanrememicreemeeesaeesemeeeeeeaammeme e s ranns 15.0
Wann formation.
Covered, grassy slope, probably shale ... 140.0
(Base of formation covered by alluvium)
74. SEC. 12, T. 27T N, R, 12 E, SW¥. SCHOOL HOUSE TO TOP
OF HILL
(Rubble strewn slope with very pcor exposures)
Torpedo sandstone and overlying shale.
Torpedo sandstone.
Sandstone, reddish brown, medium grained, massive but
weathers thin-bedded, exposed ... 10.0
Wann formation.
Covered, probably 8hale .. e e 115.0
(Base of formation covered by alluvium)
75. SEC. 13, T. 27 N, R. 12 E. NEAR CENTER OF SW
Torpedo sandstone and overlying shale.
Overlying shale, not measured.
Torpedo sandstone.
Sandstone, reddish-brown, massive, medium-grained .............. 25.0
‘Wann formation.
Covered, steep, grassy, tree-covered slope, probably shale ..... 118.0
Shale, dark, exposed in sides of pit, a few weathered
phosphatic nodules, not in place .o 120
Limestone, rusty brown, nodular, Leiorhynchus and asso-
ciated fossils common to this member ... ... ... 0.5
A short distance west is an exposure of ancther thin
limestone somewhat higher.
(Base of formation covered by alluvium)
76. - SEC. 16, T. 27 N, R. 14 E. MEASURED UP THE NORTHEAST
FLANK OF BLUE MOUND
Torpedo sandstone and overlying shale.
Overlying shale not present.
Torpedo sandstone.
Rubble covered slope, probably sandy shale ... [T 9.0
Sandstone, weathers brownish red, massive ........ e 12.0
Covered, probably sandy shale oo en 17.0
Sandstone, MaSSIVe ..o e e e 2.5
Wann formation.
Covered, probably shale ..o 49.0

(Typical Wann Fossils in saddle east of gulley at the
base of this interval.)
Covered, probably Shale et e s a e er e e s 53.0
(Gulley is choked with rubble but blue shale is ex-
posed in many places. Found one unidentified pelecy-
pod, one Trepospire depressa, and several thin plates
of limestone, none of the material being in place.)
Iola formation.
Not exposed, Drobably .ot e 2.5
Chanute formation.
Carbonaceous shale member, does not crop out.
Cottage Grove sandstone member.
Massive sandstone blocks thought to indicate a bed at this
1003 @ 4 03 4 KRS 1.5
Thayer coal member, does not crop out.
Shale member.
Covered, probably shale, possibly sandstone in the upper
=l RO OO 26.0
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Feet
Dewey limestone.
Limestone, white, fossiliferous, platy, interbedded with
shale at base, more massive at top .. .. i 24,0
(J. L.. Borden reports presence of black fissile shale
below the Dewey limestone down the draw north of
Blue Mound.)

77. SEC. 9, T. 27 N., R. 13 E. FROM SE CORNER TO
Wi4 CORNER ALONG CREEK
Iola formation,
Muncie Creek shale member. .
Shale with phosphatic nodules in the base, not measured.
Paola limestone member.
Occasional patches of limestone resting on and grading

into sSandetone DeloW e e e 0.5
Sandstone, massive, weathers with a pitted upper sur-
face, considered equivalent to Paola limestone ... _......... 6.0

Chanute formation.
Carbonaceous shale member, not observed.
Cottage Grove sandstone member.

Covered, probably sandstone ... e 4.0

Sandstone, gray, thin-bedded, fine- gra.lned .................................... 2.0
Thayer coal member,

oAl e e 0.8
Shale member.

5] 1B L=y TS 2.5

Covered, probably SRale . eeeeeea e ememnan 3.0

Dewey limestone.
Does not crop out but is indicated by large pieces washed
from a deep scour in the bottom of Post Oak Creek
just east of the Wl4 corner of the section.

78. SEC. 6, T. 27 N,, R. 14 E,, 1/8 MILE EAST
OF SOQOUTHWEST CORNER

Chanute formation.

Carbonaceous shale member, not observed.

Cottage Grove sandstone member.

Sandstone, light-yellow color, soft, thin-bedded ...................... 6.0
Thayer coal member, not exposed.
Shale member,

Shale, weathers blue to yellow, no coal observed ................. 10.0
Dewey limestone.
Limestone, base not exposed ..., 10.0

79. SEC. 30, T. 27 N.,, R. 14 E,, 300 FEET EAST OF SW CORNER
Chanute formation.
Carbonaceous shale member, does not crop out.
Cottage Grove sandstone member.
Sandstone, weathers reddish-brown, thin-bedded, fine-

grained, top eroded ..., 10.0
Thayer coal member.
Coal s OV 0.1
Shale member,
Shale, dark, weathers YellOW ..., 11.0
Dewey limestone.
LAMNESLOIIE oot et e 17.0

Nellie Bly formation, not measured.
80. SEC. 22, T. 27 N, R. 13 E,, SE SW NW
Dewey limestone.
Limestone, granular with an abundance of phosphatic
NOAUL O ot erae e e e me e eeee e e amann 0.2
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Feet
(This phosphatic bed is found at no other locality
visited and is probably a remnant of a phase of the
Dewey limestone removed in other places by pre-
Chanute erosion.)
12y (T2 = SO 4.0

81. SEC. 26, T. 27 N., R. 13 E,, CENTER OF SE NW IN THE OLD
QUARRY OF THE DEWEY PORTLAND CEMENT COMPANY
Dewey limestone. '
Limestone, blue-gray to red, massive, honey-combed with

small solution CavVIties ..ot 4.0
Limestone, blue-gray, dense, massive, fossiliferous ............. 14.0
Limestone, below floor of quarry, probably shaly and

possibly siliceous, about .- 3.0

82. SEC. 25, T. 27 N., R. 14 E. FROM CENTER OF SECTION TO
SW CORNER. (Dip Allowed 15 Feet)
Dewey limestone.
Limestone, top eroded ....ooooooereismmree e et e 5.0
Nellie Bly formation.
Sandstone, reddish-brown, fine-grained, thin-bedded, poor-

1F ©XPOSEA oo eeeeieee e ece e es e e memse e e n et et s n e 10.0
Shale, sandy, poorly exXposed ..o 30.0
Sandstone, reddish-brown, thin-bedded, fine-grained .............. 10.0
Covered, grassy slope, probably shale .. . 55.0

Hogshooter limestone.

Limestone, not measured.
(Interval from Dewey to Hogshooter measured by barometer, sub-
divisions are approximate.)

83. SEC. 12, T. 27 N, R. 14 E,, FROM OUTLIER OF DEWEY
LIMESTONE IN NE¥ TO TOP OF HOGSHOOTER
LIMESTONE SOUTHEAST OF SE CORNER
Dewey limestone, top eroded, not measured.
Nellie Bly formation.

Shale, estimated ... e e e 10.0

Sandstone, about ... eeeeeeieeeasnsanmmemeeeseaeenemaneen 15.0

Shale, sandy with occasional thin, dense, fine-grained,
reddish-brown SandStONes ....ccececerericcimermiee e csanse e 80.0

Hogshooter limestone, not measured.

84. SEC. 18, T. 27 N., R. 15 E, SW NW NW
Hogshooter formation.
‘Winterset limestone member.

LD e tU= 11 707 oL TP 6.0

Limestone, dark, crinoidal, phosphatic nodules .......ovreeeeee. 1.0
Stark Shale member.

Shale, black, FiSSIIe .o 2.0
Canville limestone member.

Limestone, dark, slightly siliceous . .. 0.5

Coffeyville formation.
Shale, Bray, CAICATEOUS oo es s e sttt 0.2

Sandstone, not measured.

85. SEC. 30, T. 27 N,, R. 15 E, % MILE WEST OF
NORTHEAST CORNER
Hogshooter limestone.
. Limestone, eroded, not measured,
Coffeyville formation.
ST a0 (Y= - . PP PR 12.0
07 Y: ) e eee e e eme ot e amamaeeeeemsteeseeesseemessmemtaseomesesesssizeeeene 1.5
Shale, not measured.
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86. SEC. 22, T. 27 N,, R. 15 E,, 1,000 FEET NORTH OF SQOUTH
14 CORNER (A very poor exposure, measurements
are approximate only.)

Feet
Coffeyville formation.
Shale, black, fissile, contains phosphatic nodules in base ... 2.5
Checkerboard limestone.
Member 3.
Limestone, gray, marly, fossiliferous ... 1.0
Member 2.
Shale, gray, calcareous, fossiliferous .........c.coieeeeiiiiieiieee. . 8.0
Member 1. :
Limestone, gray, fossiliferous, splits into thin plates in
WAt e N g e 1.0
TOWNSHIP 28 NORTH
87. SEC. 2, T. 28 N, R. 12 E,, MEASURED ON BIG HILL SOUTH
OF OSAGE GAP THROUGH WHICH RAILROAD
PASSES
‘Weston shale.
Unnamed sandstone.
Sandstone, top eroded ... BD
Unnamed shale.
Covered, probably Shale ... 20.6
Gap sandstone.
Sandstone, brown, fine-grained ... 1.5
Unnamed shale.
Covered, probably shale ... 140
Hulah sandstone.
Sandstone, DroWN .o 5.0
88. SEC. 13, T. 28 N, R. 12 E., FROM HORIZON OF THE
BIRCH CREEK LIMESTONE AT THE CENTER OF
SECTION TO TOP OF HILL TO NORTH
Weston shale,
Unnamed sandstone and shale.
Sandstone, weathers brown, dense, fine-grained, makes
1arge Slabs e 1.0
Covered, grassy slope, probably shale .. ... .. 8.0
Hulah sandstone.
Sandstone, weathers brown, massive, medium-grained, dense .. 6.0
Unnamed shale.
Covered, grassy slope, steep, probably sandy shale and
thin sandStones ..o 74.0
“The Okesa’.
Sandstone, poorly exposed, tree-covered .........................__ 390.0
Covered, grassy slope, probably shale ..o 25.0

Birch Creek limestone.
Limestone or fossiliferous zone in clay shale, badly
wWeathered oo 3.0

89. SEC. 22, T. 28 N, R. 12 E,, ACROSS THE CREEK WEST
FROM THE SOUTHWEST CORNER, WEST TO
TOP OF HILIL:
Weston shale.
Gap? sandstone.
Sandstone, reddish-brown, medium-grained, massive to

thin-bedded ... 2.0
Unnamed shale.
Covered, grassy slope, probably shale ... .. e 18.0

Hulah sandstone.
Sandstone, reddish-brown, medium-grained, massive to
Thin-DeAded ..o e 10.0
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Feet
Unnamed shale.

Covered, grassy slope, probably shale ... 70.0
“The Okesa”.
Sandstone, base not exposed.

90. SEC. 11, T. 28 N,, R. 12 E,, FROM THE SANDSTONE A.T
THE NORTHEAST CORNER TO THE BASE OF SAND-
STONE AT TOP OF HILL ALONG
ROAD WESTWARD

‘Weston shale.

Hulah sandstone.

Sandstone, top not exposed.
Unnamed shale,

Shale, covered for most part, contains several sandstone

13T L TS 70.0

“The Okesa’.

Sandstone, base not exposed,

91, SECS. 1 AND 12, T. 28 N., R. 12 E,, FROM TOP OF TORPEDO
SANDSTONE BY BRIDGE 1/8 MILE NORTH OF
NE COR. SEC. 12, TO TOP OF HILL
SOUTH OF SAME CORNER
Weston shale.
“The Okesa”.
Sandstone in beds 0.1 to 0.4 foot thick, weathers reddish-
brown, medium- to fine-grained, (thickness measured
14 MIle WESL) oo 40,0
Shale, buff colored
Birch Creek limestone. ]
Limestone, weathers brown, sandy, fossiliferous ... 1.0
Torpedo sandstone and overlying shale.
Overlying shale. '

Shale, sandy . TR RRUOURRRPUPR X |
Shale, gray, calcareous f035111ferous .............................................. 4.0
Covered, probably sShale .. e 64.0

Torpedo sandstone.
Sandstone, base not expesed.

92. SEC. 23, T. 28 N, R. 12 E, FROM EDGE OF THE ALLU-
VIUM EAST OF THE SOUTHWEST CORNER NORTH-
EAST TO THE SHALE PIT NEAR THE
CENTER SW SE
‘Weston shale.
‘“The Okesa”.
Shale at the base grading upward through sandy shale

into sandstone at the toD s 40.0
Birch Creek limestone.
Limestone, bluish-white, fossiliferous ... 2.0

Torpedo sandstone and overlying shale.
Overlying shale.

Loy £ T L T SO U FPRIRIT TR 3.0
(TR [0 05 ¢ T < VOO OSSP UP P 2.0
Covered, seems to be sandy shale . 10.0

Limestone apparently less than 1 foot thick, fossiliferous,
exposed at the edge of the alluvium in south road
ditch, base not exposed.



200 GEOLOGY OF WASHINGTON COUNTY

93. SEC. 8, T. 28 N,, R. 13 E, FROM TOP OF TORPEDO
SANDSTONE AT NE AND SE CORNERS TO TOP
OF HILL AT EY CORNER

Feot
‘Weston shale.
“The Okesa”.
Sandstone, top eroded, not measured.
Shale, gray to DUl ... 12.0
Birch Creek limestone.
Limestone, cOQUinOI@ .o 0.5

Torpedo sandstone and overlying shale.
Overlying shale. ,
Covered, grassy slope, probably shale ... 24.0
Teorpedo sandstone.
Sandstone, base not exposed, not measured.

94. SEC. 15, T. 28 N, R. 13 E, FROM DRAW SOUTH OF NE
CORNER TO TOP OF HILL SOUTH OF E!; CORNER
Birch Creek limestone.
Limestone, brown and sandy with a minor amount of
white limestone, caps mound as fragmental layer ... 1.0
Torpedo sandstone and overlying shale.
Overlying shale,

Shale, gray, calcareous, very fossiliferous, good collecting ... 6.0
Shale, gray calcareous, fossilifeTous ..o 23.0
SANASLONE et 1.0
Covered, roadside ditch shows clay and fragments of
sandstone, probably dark shale, base not exposed ........ . 40.0

95. SEC. 6, T. 28 N, R. 14 E. BEGINNING AT THE FOOT OF
THE HILIL AT THE HOUSE ON THE EAST SIDE OF
THE ROAD ¥ MILE NORTH OF SE CORNER,
FOLLOWING ROAD SOUTH AND WEST
TO TOP OF HILL
Torpedo sandstone and overlying shale.
Torpedo sandstone.

Shale, gray, sandy, top eroded ... JE VOO 6.0
Sandstone, gray tc brown, thin-bedded to massive, soft,
MICACEOUE oottt 26.0
Shale, weathers light YellOW oo 15.0
Sandstone, light gray to brown, soft, thin-bedded to mas-
BV et e e e 5.0

‘Wann formation.
Covered, roadside ditch shows shale and clay, probably all
dark shale, weathers yellow, base not exposed ... .. 40.9

96. SEC. §, T. 28 N., R, 14 E.,, FROM SW CORNER EAST-
‘WARD 0.3 MILES
Torpedo sandstone and overlying shale,
Torpedo sandstone.

Sandstone, gray, thin-bedded, soft, micaceous, top eroded ...... 10.0

Shale, dark, Sandy oo 5.0

Sandstone, BRalY oo e 1.0
‘Wann formation.

Shale, dark, weathers brown to ErAY .o, 50.0

Limestone, weathers yellow, platy, shaly, fossiliferous ... .. 3.0

Shale, gray, base not exposed, not measured.

97. SEC. 9, T. 28 N,, R. 14 E,, FROM 1} MILE EAST OF SW
. CORNER UP HILL TO NORTHWEST
Torpedo sandstone and overlying shale.
Torpedo sandstone.
Sandy shale and thin beds of sandstone, top eroded .._........_.... 30.0



MEASURED STRATIGRAPHIC SECTIONS 201

Feot
Sandstone, thin-bedded, LMY ..o e 8.0
Wann formadtion.
Shale, dark, weathers Bray ... 35.0
Limestone, unfossiliferous, shaly, platy, weathers yellow ... 3.0
Shale, dark, base not exposed, not measured.
98. SECS. 9 AND 10, T. 28 N., R. 14 E.,, FROM 0.1 MILE EAST
OF SE CORNER SEC. 9 TO TOP OF HILL 0.1 MILE
NORTH OF SW CORNER SEC. 10
Torpedo sandstone and overlying shale.
Torpedo sandstone.
Covered, grassy sandy slope, probably very sandy shale,
top eroded ..o e aer s e ens 10.9
Sandstone, light gray, soft to hard, thin-bedded to massive ... 15.0
Wann formation.
Covered, grassy side of hill, probably shale ... .. .. 57.0
Limestone, weathers yellow, platy, shaly, unfossiliferous ...... 3.0
Covered, probably dark shale ... e 40.0
Iola formation.
Avant limestone member.
Limestone, gray, fossiliferous, top only exposed.
99. SECS. 19 AND 29, T. 28 N., R. 14 E.,, FROM TOP OF IOLA
LIMESTONE IN DRAW BACK OF HOUSE BY RAIL-
ROAD TRACK 14 MILE EAST OF NW CORNER
SEC. 28 TO BASE OF TORPEDO SAND-
STONE BELOW HOUSE ON HILL 4
MILE NORTHWEST OF SE
CORNER SEC. 19
Torpedo sandstone not measured.
Wann formation,
Covered, grassy slope, probably dark shale ... 75.0
Limestone, yellow, platy, shaly . e 3.0
Covered, probably shale ... .. 25.0
Iola formation,
Not measured.
100. SEC. 10, T. 28 N, R. 14 E., CENTER OF NW14 SOUTH
SIDE OF OLD RAILROAD GRADE
Iola formation.
Avant limestone member.
Limestone, blue, hard, crinoidal ... ... ... 1.0

Muncie Creek shale member.
Shale, calcareous, phosphatic nodules observed but not in

03 F2 X U OO, 3.0
Paola limestone member.
Limestone, marly, fossiliferous, soft
Marl, grades into limy sandstone . .. s 1.0
Chanute formation.
Carbonaceous shale- member.
Shale, soft, sandy, carbonized wood, plant remains
Coal ..o -
Cottage Grove sandstone member.
Sandstone, thin-bedded, fine-grained, soft, base not ex-
posed.

101. SECS. 10, 11, 12, T. 28 N,, R. 14 E,, FROM 1/8 MILE EAST OF
814 CORNER OF SEC. 12 TO SW CORNER OF SEC. 10.
(Dip allowed 39 feet per mile.)

Iola formation.
Paola limestone member,
Limy sandstone, top eroded.
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Feot
Chanute formation.
Carbonaceous shale member not recognized.
Cottage Grove sandstone member.
Sandstone, cream to buff in color, thin- and even-bedded,
micaceous, shaly, in this locality there is 10 feet of
very sandy shale in the 0D .o, . b0.0

102. SEC. 33, T. 28 N,, R. 14 E,, SOUTHWEST CORNER

Chanute formation.
Cottage Grove sandstone; member.
Sandstone, top eroded ... 10.0
Thayer coal member, not recognized.
Shale member,.
Shale, weathers yelloW .. .. e 6.0
Dewey limestone, not measured.

103. SEC. 34, T. 28 N, R. 14 E., FROM NORTH 4 CORNER
EASTWARD 14 MILE
Chanute formation.
Shale member.
Clay shale, weathered . ..o, 18.0
Dewey limestone.
Not measured.

104, SEC. 18, T. 28 N,, R. 15 E,, WEST OF N CORNER
Chanute formation.
Cottage Grove sandstone member,
Sandstone, light yellow, thin-bedded, fine-grained, micace-

ous, top eroded .......... e emeaeenreenneeemtae e ar st a et eenee e e 5.0
Thayer coal! member,
L4 N OSSOSO 0.2
Shale member.
Bhale, SAMAY oo e e 8.0
Shale, POOTLY eXPpoSed ... e 30.0

Noxie sandstone member.
Sandstone, coarse, cross-bedded, not measured.

105. SEC. 7, T. 28 N,, R. 15 E.,, WEST OF NORTH Y% CORNER
Chanute formation.
Thayer coal member.

00 e e e 0.3
Shale member.
Clay shale, gray, weathers buff, plant fossils ..., 75
L - S U 0.3
Shale, under €lay? oo eeeanen 0.2
Shale, dark, weathers bluish ... . 6.0
Coal, VerY SNALY e 0.8
Clay shale, dark, weathers bluish ... .. . ... 27.0

Noxie sandstone member,
Sandstone, coarse, cross-bedded, not measured.

106. SEC. 13, T. 28 N., R. 14 E,, NEAR CENTER
Chanute formation,
Thayer coal member.

L0 - 5 TR 0.1
Shale member. _
Shale, weathers light blue ... .. 15.0
Dewey limestone.
Limestone, gray, fossiliferous ...l 6.0
Nellie Bly formation.
Shale, 8ray, CALCAYCOWS .cereeceoeeeoecccecceeeeeaemienmsescmemome e smeassasesasecacasemmeen 4.0

Sandstone, thin-bedded, base not exposed not measured.
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107. SEC. 19, T. 28 N,, R. 15 E,, FROM THE SOUTH % CORNER
TO THE SW CORNER
Feet
Dewey limestone.

Limestone, top eroded, not measured.
Nellie Bly formation.
Upper third, sandstone at the top, reddish-brown, soft,
fine- to medium-grained, grades downward into very
sandy shale.
Middle third, top very sandy shale, grades downward in-
to shale with little grit.
Lower third, clay shale with little grit.
U T T o BT (T O 80.0
Hogshooter limestone, not measured.

108. SECS. 3,4, T. 28 N.,, R. 15 E, ALONG SOUTH SIDE, CONTINU-
ING ¥4 MILE WEST OF SOUTHWEST CORNER
Nellie Bly formation.
Sandstone and sandy shale, top removed by pre-Chanute
L 012 03 2 T OIS 45.0
Hogshooter formation.
Winterset %imestone member.
Limestone, gray, estimated ... 5.0
Coffeyville formation.
' Covered along this line but in this vicinity there is usually
at the top 10 feet of sandy shale with one or more thin
coal veins. The remainder consists of thin-bedded
lenses of buff to reddish-brown sandstone and sandy
shale. There is usually a thin coal 40 feet from the

L0 ) o T 459
Shale, base not exposed.

109. SECS. 20, 21, 22, 23, T. 28 N, R. 15 E. FROM 200 FEET EAST
OF SW CORNER OF SEC. 22 TO 200 FEET W OF N4
CORNER OF SEC. 20, CHECKED FROM S%
CORNER OF SEC. 20 TO SW CORNER
OF SEC. 20

Hogshooter formation.

Winterset limestone member.

Limestone, top eroded, not measured.

Coffeyville formation.

] 0 LT 10.0
Sandstone, buff-colored, thin-bedded, fine-graiped ................... 20.0
Lo T 1 O 0.1
Sandstone, huff-colored, thin-bedded, fine-grained ... ... 5.0
Shale, BanAY et n e aaanneaan 55.0

Covered, probably shale ... e ee e e 60.0

Thin-bedded, sandy shale and fine-grained sandstohe ............ 8.0
Shale, base not exposed.
116. SEC. 23, T. 28 N, R. 15 E,, 1200 FEET SOUTH OF W1 CORNER
Coffeyville formation (in middle part).

Shale, not measured.

Sandstone, brown, thin-bedded ... 4.0
Shale, gray, micaceous, Sandy .......oooooooveoiiomeeoeee e 9.0
Sandstone, gray, micaceous .......occceocemeceeeens ereeremenreeeeesrnmtaeean 25
Shale, gray, micaceous, base not exposed ....oocooeocereececeecen. 11.0

, 111. SEC. 12, T. 28 N, R. 15 E. ALONG WEST SIDE OF NW
Coffeyville formation (in middle part).
Sandstone, top eroded, not measured.
Covered, topography and ditches in the vicinity indicaté
shale with a few thin sandstones ... es 5.0
Sandstone, base not exposed.
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112, SEC. 31, T. 28 N,, R. 16 E., FROM ESTIMATED HORIZON OF
CHECKERBOARD LIMESTONE 1/8 MILE EAST OF
SW CORNER TO THAT CORNER

Feet
Coffeyville formation (lower part).

Sandstone, top eroded, buff to reddish-brown, beds 0.2 foot

thick, moderately hard, fine-grained .......ccoooomvooeooeceeeceee. 2.0

Shale, A et ee et eeen 5.0
Sandstone, buff to reddish-brown, thin-bedded, moderately

hard, fine-grained ... e eeeees 6.0

Covered, probably shale with a few sandy streaks ... 50.0

Checkerboard limestone,
Does not crop out, horizon indicated by change in soil
from the sticky clay soil of the Coffeyville formation
to the sandy soil of the Seminole formation.

113. SEC. 6, T. 28 N, R. 16 E, NEAR E¥% CORNER, FROM BLACK
SHALE IN DRAW WEST OF HIGHWAY TO SAND-
STONE AT TOP OF RIDGE TO WEST

Coffeyville formation (lower part).
Sandstone, top eroded, not measured.

Clay shale, dark emeneeeeemenESesimanonnmeeseeesesmmeeesesesostesentenee e eanrenneeeeen bb.0
Sandstone eemeeemmamessmmetesastmsssemmeessmssmesseeeecooesemomenn 40
Shale, gray - et reeerar e tees raea e e een 6.0
Shale, black, fissile, contains phosphatic nodules, base
not exposed ... e e enrs bt a e e A A - eeeereseeeeessaeemsmsnnsmeeentmssresemenaenresann 2.0
114. SEC. 25, T. 28 N, R. 15 £., 300 FEET UP THE STREAM
NORTH OF THE E¥ CORNER
Coffeyville formation.
Black fissile shale with phosphatic nodules ........oooooovooeeee.. 2.0
Checkerboard formation.
Member 3.
Limestone, bilue, hard, nodular ... 0.5
Member 2.
Shale, gray, calcareous, fossiliferous ..., 5.b
Member 1.
Limestone, granular to flaky ..o 1.0

Seminole formation.
Shale, sandy, abDOWL .o 3.0
Sandstone, base not exposed, not measured.

115. SEC. 18, T. 28 N,, R. 16 B, FROM ! MILE EAST OF S%
CORNER UP STREAM TO POINT NEAR CENTER

OF SECTION
Missouri subseries.
Checkerboard formation.
Member 1.
Limestone, gray, platy, fossiliferous ..., 10

Seminole formation.
Thin-bedded, sandy shale or shaly sandstone, a few thin

beds of fine-grained, hard sandstone ......oooeeceececeennnn. 10.0
LG40t R BT o) ¢ 0.1
Clay shale, VellOW et eme e e mnneeenean 25

Des Mcoines subseries
Lenapah limestone.

Limestone, w=athers red brown or yellow, fossiliferous ....... 0.6
Shale, light-colored, caleare0US ....cccrireamcrcrcececeeeemeere e 0.5
Shale, black fissile, contains phosphatic nodules .................... 1.0
Shale, gray, weathers yelloW .o ees 2.0

Limestone, gray to white, base poorly exposed, estimated . ... 15.0
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TOWNSHIP 29 NORTH

116. SEC. 22, T. 29 N, R. 12 E, NEAR THE CENTER OF
THE WHST LINE ‘

Feet
Missouri subseries?
Ochelata group?
Weston shale?
Cheshewalla. sandstone.
Sandstone, reddish-brown, coarse-grained, top
eroded, abOUul e e 15.0

Missouri subseries.
Ochelata group.
‘Weston shale.
Unnamed shale.
Shale, probably contains a few thin sandstone beds .. 160.0
Hulah sandstone,
Sandstone, base not exposed, not measured.

117. SEC. 17, T. 29 N, R. 13 E.,, FROM BRANCH ROAD 14 MILE
NORTH OF SE COR. TO TOP OF HILL TO NORTH
Weston shale.

“The Okesa”.

Limestone, gray, SANAY . oicoceoeiceeeee e net e st mceangee oo eaas 10.0

Covered, probably sandy shale and sandstone ... 5b.0
Birch Creek limestone. :

Limestone, gray to brown, 8andy . e 2.0

118. SEC. 21, T. 29 N., R. 13 E.,, CENTER OF SW NE BELOW
OLD RAILROAD GRADE IN SPILLWAY OF POND
Birch Creek limestone.
Limestone, brown, weathers yellow, extremely sandy, fos-
giliferons, OCIItIC e s 2.0
Shale, Dlue-gray, CaAlCATEOUS - iccecereroramommaocm i rcmecean s seeereemr e mamenne 2.0
Limestone, brown, sandy, fossiliferous '
Torpedo sandstone and overlying shale.
Overlying shale,
Shale, sandy, trace of phosphate ... 2
Shale, extremely granular, trace of phosphate ..o 0
Shale, thin-bedded, very sandy, slight trace of phosphate ....... 3
Shale, dark, semifissile e - A
0
1

Shale, sandy, brown, micaceoUs .. aeees
Sandstone, limy, micaceous

119. SEC. 36, T. 29 N, R. 12 E.,, AT W% COR, SOUTH SIDE OF
STREAM, NEAR HOUSE
Torpedo sandstone and overlying shale.
Torpedo sandstone (in middle part).
Sandstone, limy, massive to thin-bedded ... 8.0
Limestone, gray, sandy, crinoidal, base not exposed .......... 6.0

120. SECS. 20, 28, T. 29 N., R. 14 E. FROM OUTCROP OF LIME-
STONE IN ROAD 3/8 MILE NORTH OF SE CORNER
QF SEC. 20 TO LIMESTONE ON TOP OF HILL
IN NWi4 OF SEC. 28
Birch Creek limestone,
Limestone, gray to brown, sandy, fossiliferous, many crin-
P03 (0 Q1 =) 14 U OO 1.0
Torpedo sandstone and overlying shale. o
Overlying shale, absent.
Torpedo sandstone.
Sandstone, brown, thin-bedded ... 5.0
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Feet
Wann formation.
Shale, covered, probably clay shale with a few sandy streaks .. 95.0
Limestone, weathers yellow, shaly and platy, fossiliferous ... 1.0
Shale, base not exposed not measured.

121. SECS. 22, 23, T. 29 N,, R. 13 E.,, ALONG SOUTH SIDE, FROM
¥4 MILE EAST OF SE CORNER OF SEC. 23 TO 1
MILE WEST OF SW CORNER OF SEC. 22
Birch Creek limestone,
Limestone, buff to brown, sandy, fossiliferous ..o 4.0
Torpedo sandstone and overlying shale.
Overlying shale.

Shale covered, material from post holes indicates clay

Bade e 15,0
Torpedo sandstone.

Sandstone, reddish-brown, thin-bedded to massive, medium

=0 o 0 ¢ =T ST 30.0
‘Wann formation.

Shale covered, regionally this interval is clay shale, a
calcareous zone 70 to 80 feet from the base carries
Leiorhynchus, Trepospire and other fossils making an
assemblage typical of the member ..o, 95.0

Tola. formation, not measured.

122, SECS. 22, 27, T. 29 N.,, R. 14 E.,, ALONG WHST SIDE
Birch Creek limestone.
Limestone, gray, sandy, fossiliferous ........oooooeoooiooean. 2.0
Torpedo sandstone and overlying shale.
Overlying shale, absent.
Torpedo sandstone,

Sandstone, locally absent ... 1.0
Wann formation.
Shale, covered, probably clay shale ... ..o 145.0

Iola formadtion. _
Does not crop out but position is indicated by change
from sticky clay soil of lower Wann formation to
sandy soil of Cottage Grove sandstone.

123. SEC. 25, T. 29 N, R, 13 E,, 14 MILE SOUTH OF N} CORNER
Iola formation.
Avant limestone member,
Limestone, yellowish, argillaceous, ecrinoidal slighily

2720 1 1 USROS 1.0
Shale, gray, calcareous, fossiliferous ....oooooeooeeooeoeos, 2.0
Limestone, yellow, crinoidal . ... ... 1.0

Muncie Creek shale member.
Shale, gray calcareous, sandy, fossiliferocus, phosphatic

nodules in the base ... e 3.0
Paola limestone member.
Limestone and limy sandstone, surface pitted ........................ 1.0

124, SEC. 22, T. 29 N,, R. 14 E, 1/8 MILE NORTH OF SOUTH 4
CORNER IN MAIN DRAW
Icla formation.
Avant limestone member,
Limestone, gray to buff, crinoidal ... R 1.0
Muncie Creek shale member.
Shale, dark, weathers yellow, gray phosphatic nodules in
Phe DS (oo 3.0
Paola limestone member.
Marl, yellow, soft, sandy, with residual fragments of erin-
cidal limestone, badly weathered ..., 0.3
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Chanute formation. Feet
Carbonaceous shale member.
Coal, NO UBACYCLAY ..ottt eeeeae e eenaaan 0.1

Cottage Grove sandstone member.
Sandstone, gray, soft, fine-grained, thin-bedded, base not
exposed, not measured.

125. SEC. 23, T. 29 N, R, 14 E,, FROM N% CORNER TO 1/8
MILE NORTH OF SE CORNER
Chanute formation.
Cottage Grove sandstone member.
Sandstone, buff-colored, thin- and even-bedded, fine-grain-
€, MICACEOUS  .ooeioeceecee e eeecceeeseee e ceme e mmmse e s mmaeeemaneeennennnnn 40.0
126. SEC. 24, T. 29 N, R. 14 E., NEAR NE CORNER
Chanute formation.
Cottage Grove sandstone member.
Sandstone, light buff, thin-bedded to massive, fine-grain-

L=T5 T o) I -5 o o LT S 10.0
Thayer coal member.
Shale, dark, POOrlY €XPOSEA ..o 5.9
O ¢ 1 VNSO 0.1
Shale member.
Shale, dark, incompletely exposed ... 45.0

Noxie sandstone member.
Sandstone, not measured.
127. SEC. 25, T. 29 N, R. 14 E,, 1/8 MILE NORTH OF SE CORNER
Chanute formation.
Thayer cozal member.

8o 1 VU 0.1
Shale member.
Shale, AarTK .o 9.0
G0 e ——nanmneae e tne e et e et e e e emmmmese e e e e maeneenn 0.1
Shale, dark, bluish COYOT .. 1.0
G0 e e ea e e e e emrannn 0.1
e T 1) 1SS 1.0
- X RO O RSOOSR SR 0.1
Shale, light-colored, SanAY .o eae e 2.0
Shale, QarK .o e e e e e 9.0

Noxie sandstone member,
Sandstone, coarse cross-bedded, not measured.
128. SEC. 24, T. 29 N,, R. 14 E.,, ALONG EAST SIDE
Chanute formation.
Noxie sandstone member.
Sandstone, buff to reddish-brown, massive, coarse, cross-

1= s LT U PR 60.0
Basal conglomerate member.
Limestone conglomerate ...t 5.0

129. SEC. 15, T. 29 N,, R, 15 E.,, NE NE NE
Chanute formation.
Basal conglomerate member..

Limestone, gray, thin-bedded, fossiliferous, conglomeratlc
contains a few phosphatic nodules in the base ............... 20.0
{This conglomeratic limestone overlaps the calcar-
eous flags in the lower part of the Nellie Bly for-
mation in sec. 14.)

130. SEC. 28, T. 29 N., R. 15 E.,, WEST SIDE OF THE NW NW
Chanute formation.
Basal conglomerate. member.
Limestone CORgloMETate . ..o e e 2.0
Nellie Bly formation.
03 E: 0 =Y o T 1 - S 80.0
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Hogshooter formation. Feet
Winterset limestone member.
Limestone, not measured.

131. SEC. 32, T. 29 N, R. 16 E, NORTH 4 CORNER
Chanute formation.
Noxie gandstone member.
Sandstone, coarse, tree-bearing, not measured.
Nelli¢) Bly formation.
Clay shale, upper part removed by pre-Chanuate erosion ... bb.0
Hogshooter formation.
Winterset limestone member.
Limestone, not measured.

132, SEC. 14, T, 29 N, R. 15 E,, 4 MILE WEST OF SE CORNER
Hogshooter formation.
Stark shale member.

Shale, black, fissile ..o 20
Limestone, dark, siliceous, much fractured ... ... .. ... 1.0
Shale, black, fissile, base not exposed eeeeeeemnmceeememeennn 4.0

133. SEC. 21, T. 29 N, R. 15 E. VICINITY OF SW CORNER
Hogshooter formatlon
Winterset limestons member,

Limestone, gray, contains crinoids and brachiopods ................_. 5.0
Shale, limy, crinoid stems and brachiopods ..o 1.0
Limestone, dark, crinoidal, contains phosphatic nodules ........ 0.8
Coffeyville formation.
o3 FE: 1 LT 5 1 0.4
00T 1 U 0.1
Sandy shale and thin sandstones ................ b.7
Sandstone, light-colored, fine-grained, base not exposed ...... 5.0

134. SEC. 14, T. 29 N., R. 15 E,, EAST 14 CORNER
Hogshooter formation.
Winterset limestons member.

Limestone, top eroded ... e 14.0
Coffeyville formation.
Sandstone, light-colored, micaceous ... 1.8
0B e eeeeeemeeeaaa e acmmmeseasmasmmmsmr—crcsateetissssmmemsesimseeerasensessomanes 0.4
Shale, light-cclored, sandy, m1ca,ceous ............................................ 5.0
L] o ) O OO DS 0.1
Sandstone, brown, thin- bedded .......................... 6.0
Sandstone, llght-colored shaly, thin-bedded, micaceous ....... 6.0
FJ 2T LT T 4 (o 12.0
Covered, probasly sandy LT 1T Y < U 17.0
Sandstone, thin-bhedded ... 1.0
Shale, ferruginous, very sandy, micacecus, base not exposed ... 4.0

135, SEC. 28, T. 2% N.,, R. 15 E,, NEAR SW CORNER
Hogshooter formation.
Winterset limestone member.
Limestone, top eroded, not measured.
Coffeyville formation.
Shale, gray, a few thin sandstone beds8 i 15.9
Sandstone, base not exposed, not measured.

136. SEC. 36, T. 29 N., R. 15 K, AT THE W% CORNER
Coffeyville formation (in lower partl).
Shale, top eroded.

Sa.ndstone, F=X a1 32 1 /RSP 4.0

Shale, BaNAY e eei e ne e e s . 6.0

Sandstone, weathers gray to reddish-brown, thin-bedded,
FINe-Zrained e e e 4.0

Clay shale, not measured.



