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PROSPECTING

FOR COMMERCIAL SAND AND GRAVEL

USING ELECTRICAL EARTH RESISTIVITY,

CLINTON COUN

TY, TLLINOIS*

JERRY S. DOBROVOLNY
State Geological Survey, Urbana

Electrical earth-resistivity meth-
ods for locating deposits of water-
bearing sand and gravel have been
used by the Illinois State (Gteological
Survey for many years. The methods
used in interpreting resistivity data

have been largely empirical but

nevertheless very successful for lo-
cating large deposits of water-bear-
ing sand and gravel suitable for
municipal and industrial water sup-
plies. These empirical interpreta-
tions have been based on methods
outlined by O. H. Gish and W. J.
Rooney® using the Gish-Rooney
curve, the Moore cumulative curve
outlined by R. Woodward Moore,?
and the resistivity profile outlined
by K. O. Emery.®

The sand and gravel deposits lo-
cated by these empirical resistivity
methods have usually been relative-
ly large, fairly clean deposits asso-
ciated with glacial till, made up
largely of clays and silts. Resistivity
of sand or gravel is generally 200 to
300 times as great as that of the
surrounding glacial till, which per-
mits successful use of empirical
methods of interpretation. Experi-
ence has shown that, when the lith-

# published with permission of the Chief, Ilinois
State Geological Survey.
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contrast in resistivities, accurate in-
terpretation is difficult.

Tn an attempt to interpret com-
plex geological areas more aceurate-
ly, the Division of Groundwater
Geology and Geophysical Explora-
tion of the Illinois State Geological
Survey inaugurated a research pro-
gram to investigate the application
of other methods of analyzing re-
sistivity data. The literature on in-
terpretation of electrical earth re-
sistivity data was studied intensively
and a report was prepared outlining
the methods advanced by G. F.
Tagg,* William A. Longaere,® Syl-
vain J. Pirson,® Trwin Roman,’ Rob-
ert J. Watson and James F. John-
son,® W. W. Wetzel and Howard V.
MeMurry,® R. Woodward Moore,*°
1. B. Rosenzweig,** and R. J. Wat-
ology of an area does not give a sharp
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Prospecting for Commercial Sand and Gravel

son.”” The method deseribed by
Wetzel and MceMurry seemed to be
the most promising.

Locating deposits of sand or gravel
for commercial use is one of the
major problems that are often asso-
clated with a complex geologic situa-
tion. Such a problem arose when the
Clinton County Highway Depart-
ment requested information from the
Survey on prospecting areas for sand

and gravel to be used for road build-

ing. In order to locate areas worth
testing by drilling, an electrical
earth resistivity survey was con-
ducted. The area investigated in-
cluded Irishtown and Wheatfield
townships, Clinton County, which lie
between the Kaskaskia River on the
east and Shoal Creek on the west,
and which are bounded on the north
by the Clinton-Bond county line. A
few stations were also Jocated in
Wade township. The entire area was
in townships 2 and 3 north, ranges
2 and 3 west,.

The major portion of the area is
relatively flat upland prairie that
stands about 470 feet above sea level.
The general flatness is relieved by
morainie hills that rise sharply to a
height of more than 40 feet and form
Impressive features of the landscape.
There are many of these hills along
the Clinton-Bond county line and in
the northeast portion of Irishtown
township around Keysport. The hills
are of three distinct forms, rounded,
clongated, and irregular. The prin-
cipal drainage of the area is the
Kaskaskia River and its tributaries,
among which are Beaver Creek and
Shoal Creek. On the whole the area

12 Watson, R. J.,, A contribution to the theory
of the interpretation of resistivity measurements
obtained from surface potential observations:
%IME G3e40physical Prospecting, vol. 110, pp. 201-
232, 1934.
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between the Kaskaskia River and
Beaver Creek is poorly drained. The
gradient of the Kaskaskia River is
about one foot per mile.

Several criteria governed the field
work for the resistivity survey. Since
the sand or gravel was to be used as
road-building material, the deposits
had to be at relatively shallow depths
to be economically feasible to de-
velop. Therefore, the investigation
was limited to depths of less than
fifty feet. As it seemed likely that
the best deposits would be in the
morainic hills, stations on and
around the hills were located about
a tenth of a mile apart. Stations on
the flat prairie were located about
two-tenths of a mile apart. They
were generally placed along roads,
but a few were located in fields (see
fig. 1).

The data were plotted on 2x2
cycle logarithm paper and inter-
preted by superposing the curves ob-
tained from field data over master
curves as outlined by W. W, Wetzel
and Howard V. MeMurry.*®* This
method applies to the three-layer
case in which the thickness of the
top layer is (h,), the thickness of the
second layer is (d), the thickness of
the third layer is infinite, the depth
from the surface to the top of the
third layer is (h,), and the resistivi-
ties of the layers are p,, p,, and p,,
respectively. The following values
are determined from the master
curves: (h,), depth to top of third
layer; (p,), resistivity of top layer;
(h, :d), ratio of thickness of first and
seeond layers.

The readings from each station
were plotted, and an attempt was
made to interpret each curve. How-

" Wetzel, W. W, and McMurry, H. V., op. cit.
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Prospecting for Commerciql Sand and Qravel

ever, many of the curves did not
Iend themselves to very good inter-
bretations because the plotted points
did not conform to a typical three-
layer situation. The stations that did
lend themselves most readily to in-
terpretations are listed in groups in
table 1. The areas listed in table 1
were recommended for prospecting
with particular emphasis on areas 1,
2,7, 9, and 18.

The areas recommended for pros-
pecting were selected on the basis of
several considerations. The first con-
sideration was that of the class of
master curves to which the data eon-
formed. The governing eriterion was
the ratio of resistivities, It was
reasoned that, in this survey, sand
or gravel deposits would be sur-
rounded by glacial till with the re-
sistivity of the till relatively low and
the resistivity of the sand or gravel
relatively high. The magnitude of
the resistivity of the sand or gravel
would depend upon the degree of silt
and other impurities included. Tt
was thought that a desirable eurve
would be one in which the ratio of
resistivities (p, : P2 ps) Was in the
order of 1:100:1. '

The second consideration was to
select areas in which resistivity sta-
tions close together fell into one class
of master curves. Tt was felt that
the more stations in a given area that
had the same type of master curve,
the greater was the possibility of
finding a deposit large enough to be
developed eommereially.

The third consideration was that
of the range and magnitude of the
apparent resistivity readings (pa) at
a particular station. As clean sand
or gravel should have a high re-
sistivity, stations where the resistiv-
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ity values ranged from low to rela-
tively high readings were considered
to be good possibilities. An example
of this is station 89a in prospecting
area 1, where resistivities ranged
from 8400 ohm-centimeters to 40,000
ohm-centimeters (see table 1). Using
the information in table 1, a Clinton
County Highway Department erew
test-drilled some of the recommended
locations. A representative of the
Illinois State Geological Survey ac-
companied the drilling erew and col-
lected samples. The test-drilling was
somewhat inadequate because the
available equipment was only able
to penetrate to 20 feet. Sixteen test
holes were drilled and in 13 of the
16 there were good correlations be-
tween the actual records and the
predictions based on resistivity inter-
pretations. Table 2 shows the test

hole data compared with the resis-

tivity interpretations.

ANALYSIS oF Dama

In table 1 estimates of the thick-
ness of the top layer (h,) and the
second layer (d) are given, These
were computed algebraically from
the information obtained from the
master curves based on the contact
depth (h,). Tt can be seen in table 2
that the most accurately interpreted
value was (h,), the depth to the top
of the third layer.

Station 89a¢.~—The resistivity ratio
here- is p: p,: pe=1:100:1, which indi-
cates the resistivity of the second layer
to be relatively large. Resistivity read-
ings (p,) range from 8400 ohm-cms. to
40,000 ohm-cms. In this case there is g
correlation between (hy), estimated at
12 feet, and the first lithologic break,
which the test hole showed to be at 14
feet. The interpretation of (h,) is also
believed to be valid ag the total depth
of the test hole ig only 20 feet. The
resistivity ratio ig congistent with the
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TABLE 1—INTERPRETATION OF ELECTRICAL EARTH RESISTIVITY DATA IN AREAS
RECOMMENDED FOR PROSPECTING FOR SAND OR GRAVEL

e

Estimated Estimated Range of
Area | Station | Resislivity contact Estimated | thickness of resistivity
no. n0. ratio depth overburden | sand/qravel readings (pa)
piip2ips (hs) (h1) () ohm-cm
1 38a 1:10 :1 19 14 5 6900-14000
39a 1:100:1 24 12 12 8400-40000
403 1:100:1 34 17 17 4300-17200
41a 1:100:1 21 10 11 5000-31800
209 1:10 :1 28 14 14 5000-15400
208 1:10 3 30 15 15 7100-22800
206 1:10 %4 28 7 21 10100-31300
191 1:100:1 11 8 3 7000-26500
2 50a 1:10 :1 13 3 10 3000-16700
5la 1:10 :1 13 4 9 2700-16600
52a, 1:10 :34 27 7 20 3500-9400
3 65a. 1:100:%4 16 12 4 3900-15300
662 1:10 3 9 6 3 4100-14500
1a 1:10 :3 12 9 3 6300-19300
2a, 1:10 :1 21 15 6 4800-12800
1 1:10 :3 13 7 6 3300-10000
4 5a, 1:10 :34 20 10 10 5500-11100
632, 1:10 :3 10 7 3 6500-20800
69a. 1:100:10 22 16 6 7300-27500
70a 1:100:1 18 - 14 4 8600-26700
71a 1:10 44 13 7 6 4400-6800
5 8 1:10 :3 8 6 2 6600-16000
9 1:10 :3 11 8 3 5700-20500
10 1:10 3 6 4 2 5000-19800 .
11 1:10 :1/10 15 8 7 4500-8000
6 33 1:14 3 31 8 23 11400-4000
34 1:10 3 19 14 5 6800-11000
35 1:100:1/10 14 11 3 6400-21300
36 1:10 1 34 8 26 6600-21600
37 1:10 :3 18 9 9 4000-13700
7 62 1: 3 :100 20 20 ? 5000-25000
63 1:100:1 33 16 17 7000-24000
64 1:10 :100 15 11 4 3500-18000
65 1:10 :3 13 7 6 3000-9200
69 1:100:1 22 16 6 4000-12400
8 77 1:10 : 8 6 2 5000-12800
78 1:10 :1/10 30 15 15 3000-6000
9 142 1:10 3 12 9 3 5000-16700
141 1: 3 :10 9 6 3 4000-20000
140 1:10 1 20 10 10 4300-9600
139 1:10 :1 15 10 5 4100:9900
137 1:10 :14 27 13 14 5600-11900
122 1:10 :34 25 12 13 3300-9200
138 1:100:14 10 7 3 3900-15000
143 1:1/9:00 35 35 ? 9400-1800
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TABLE 1.—( CoNTINUED)
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Estimated Estimated Range of
Area | Station Resistivity contact Estimated | thickness of | resistivity
no. n0. ratio depth, overburden | sand/gravel readings (p,)
p1ipelps (hs) (hy) (d) ohm-em
10 132 1:1/10:100 16 16 ? 5300-1500
133 1:1/5.67: 00 8 8 ? 10300-3900
11 147 | 1:1/103 10 10 ? 5800-3100
148 1:10 :1 25 12 13 5900-13200
12| 155 | 1:10 o 15 7 8 3800-10200
13 196 1:10 :3 12 9 3 . 3600-10500
197 1:10 3 10 7 3 4200-10700
198 1:19 :2.11 31 15 16 2500-8000
199 1:10 :1/10 21 15 6 1900-4300
14| 247 | 110 3 24 TS 12 4700-13700
248 1:100:1 16 12 4 4300-22000
249 1: 3 :1 28 7 21 5000-10700
15 267 1:14:10 15 15 ? 4300-6600
269 1:15:1 15 15 ? 7800-5300
16 212 1:100:14 14 10 4 1400-5000
213 1:100:1 24 18 6 3000-6200
17 181 1:10 :3 17 8 9 2300-7800
182 1:10 :3 10 7 3 2900-8000
18 175 1:10:1/100 17 8 9 2500-5500
177 1:10:1 16 4 12 3000-11200
178 1: 3:10 12 6 . 6 3300-14300
19 314 1:100:1 7 5 2 4400-15900
315 1:10 :1/10 12 6 6 7000-16700

lithology because the clean, fine sand
below 14 feet would have a high re-
sistivity ag compared to the resistivity
of silty clay above 14 feet,

Station 208 —The registivity ratio of
1:10:3 indicates that the second layer
might be expected to be sand or gravel
that is slightly more impure than the
second layer material at station 89a.
The relative resistivity (3) of the third
layer indicates that the resistivity of
the top layer is probably lower, and that
of the second layer higher. Therefore,
the material of the third layer probably
has more silt, clay, or impurities than
the second layer. This is partially borne
out by the test hole logs which show g
lithologic break at 14 feet, the top of the
second layer. This ig congistent with
theory, in that, beginning at 14 feet, the
stratum changes to a cleaner gravel

which has a much higher resistivity
than the clayey layer above it. The
fairly high resistivity readings, ranging
from 7,100 to 22,800 ohm-cms., indieate
the possibility of sand or gravel,

Station 206 —The resistivity ratio of
1:10:% implies that the second layer is
composed of fairly clean sand or gravel,
that the top layer possibly contains
some sand or gravel, and that the bot-
tom layer is composed of silty or clayey
material. The high resistivity readings,
from 10,100 to 31,300 ohm-cms., also
imply good sand and gravel possibilities.
The first 20 feet tested shows clean gravel
with pebbles up to two inches in diam-
eter. It is felt that 28 feet as the thick-
ness of the top layer is a good inter-
pretation, although the test hole only
went down 20 feet,
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TapLE 2.—Loc¢s or TEST Hores AND COMPARISON OF EARTH RESISTIVITY
INTERPRETATIONS WITH AcrtvAaL CONDITIONS

Estimated

Estimated thickness

contact | Estimated | of sand or
depth overburden gravel

(hs) thy) @

e ——

12* 12

Test hole logs

—

Reststivity
ratio
piipat P3

0-14 |Clay, silty and 1:100:1 24*
pebbly, tough,
yellow-brown

Sand, clean, fine to

nedium, reddish

0-8 |Silt, clayey, sandy,
pebbly, reddish-
brown

8-14 |Gravel, slightly
clayey and sandy,
pebbles up to 34~
inch size

0-20 |Fairly clean gravel
up to 2-inch
pebbles

0-12 [8ilt, sandy, clayey,
pebbly, yellowish
brown

darker

16-20 |Gravel, slightly
sandy and silty.
Pebbles up to ¥4-
inch size

Silt, clayey, slight
sand and pebbles,
reddish-brown
15-20 |Clay, very gravelly,
reddish-brown

0-15

5a | 0-18 |Silt, sandy, pebbly,
dry, reddish-
brown, gravel at
base

18-20 |Sand, clean, fine,
reddish-brown

68a | 0-12 |Silt, slightly sandy, 1:10:3
reddish-brown
12-20 Clayey, sandy,
pebbly, yellow-
brown

# Predicted depths that are within two feet of the fest hoie data.
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TABLE 2,—( CoNTINUED)

\‘m\

Test hole logs Estimated

o e N Estimated thickness

Area |Station Resistivity | contact Estimated of sand or
no. no. | Depth ratio depth, overburden gravel

() Material p1ipzi pa (h2) (hy) (d)
—— T
6 35 | 0-12 ‘ISilt, sandy, clayey, 1:100:1/10[ 14* 11* 3*
pebbly, yellow-

rown
12-14 |Clean sand, reddish

rown
14-20 : Clay, tough, silty,
j pebbly

36 | 0-12 [Silt, slightly sandy | 110.1
and pebbly, light

brown

12-20 |8ilt, sandy, with
gray sheets,
yellowish gray at
bottom.

34 8 26

-
7 65 1 0-10 |Silt, sandy, pebbly
clayey, reddish-

rown
10-20 (Silt, very sandy

9 140 | 0-12 |Sand, very fine, silty| 1:10:1 ( 20 10* 10
clayey yellowish-

brown
12-20 |Sand, very fine,
clean darker
brown
e
10 | Btwn.| 0-18 Till, very pebbly,
132& yellowish-brown
133 | 18-20 |Till less pebbly,
more clayey

1:1/10:100°  1g* 16 ;

18 175 | 0-16 ISilt, sandy, clayey,
grayish brown
16-20 |Till, very pebbly,
reddish brown

1:10:1/1000 17+ 8 9

177 | 0-17 Sand, silty, clayey,
slightly pebbly,
reddish brown

17-20 1Sand, very fine and
clean

|

P
1178 | 0-10 "Sﬂt, sandy, clayey,
. i grayish brown
10-18 ‘Silt, same pebbly
18-20 |Sand, fine, silty,
- clayey, reddish
rown

1:3:10 12*

19 | 315 | 0-10 Sand, fine, slightly 1:10:1/10 12% 6 6
clayey and silty, .
reddish brown
10-20 'Sand, finer, less

clayey and silty
\\K
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Station 191—The registivity ratio of
1:100:1 implies that the top and bottom
layers are composed of silty, clayey ma-
terial and the second layer of fairly
clean sand or gravel. The moderately
high resistivity readings, ranging from
7,000 to 26,500 . ohm-cms., indicate good
sand or gravel possibilities. The inter-
pretation shows a preak at 11 feet and
the test-hole log a preak at 12 feet from
gilty, clayey material to sandier ma-
terial. It appears here, as well as in
most of the remaining stations, that the
most significant value that can be de-
termined is (h,), the depth of the con-
tact between sand or gravel of the sec-
ond layer and silty-clayey material be-
low. The (h,) and (d) values do not
seem to be valid.

Station 52a.—The resistivity ratio of
1:10:1 implies that the top and bottom
layers are composed of gilty-clayey ma-
terial and that the second layer is slight-
1y dirty sand or gravel. The resistivity
readings of 3,000 to 16,700 ohm-cms.
may be considered medium. The con-
tact depth (h,) was interpreted to be
13 feet, comparing favorably with the
test-hole log which indicates a lithologic
break, at 15 feet, from silty clayey sand
to a very gravelly clay.

Station 5a.—The registivity ratio of
1:10:14 implies that the top layer .is
very dirty sand containing considerable
¢ilt and clay grading into the cleaner
gand or gravel of the second layer. The
third layer is principally silt and clay.
The interpretation of (h,) was 20 feet
and compares favorably with the test-
hole log which shows a break, at 18-20
feet, from sandy «ilt to a clean, fine,
reddish brown sand. The Tresistivity
readings range from 5,500 to 11,100
ohm-cms. ’

Station 68a.—The resistivity ratio of
1:10:3 implies a top layer of silty-clayey
material and a second layer of fairly
clean sand or gravel grading into a third
layer of dirty sand or gravel. The re-
gistivity readings are fairly high, rang-
ing from 6,500 to 20,800 ohm-cms. The
contact depth (h,) of 10 feet compares
tavorably with the test-hole log, which
shows a break, at 12 feet, from slightly
sandy silt to a clayey, pebbly, yellow-
brown sand.

Station 35.—The resistivity ratio of
1:100:1/10 implies a somewhat sandy
top layer with a second layer of very
clean sand or gravel and a very clayey
bottom layer. The resistivity readings

Illinois Academy of Science Transactions

have a fairly high range, from 6,400 to
21,300 ohm-cms., and indicate good sand
or gravel. The interpreted thickness of
11 feet for (h,) compares with the test-
hole log which shows a lithologic break
at 12 feet from a gandy silt to a clean
reddish-brown sand. The contact depth
(h,) of 14 feet is also consistent with
the test-hole log which shows a lithologic
break, at 14 feet, from a clean reddish-
brown sand to a tough, silty clay. The
theoretical jnterpretation seems to con-
form almost exactly to the actual condi-
tions.

Station 36.—The resistivity ratio of
1:10:1 implies that the top layer and
the bottom layer are composed of silty
clay and that the second layer is fairly
clean sand or gravel. The resistivity
readings have a fairly high range, 6,600
to 21,600 omh-cms., indicating fairly
good sand or gravel. - Not much can be
said about the validity of the interpreta-
tion since the test-hole was only 20 feet
deep and the interpreted contact depth

© (h,) was estimated to be at 34 feet.

However, the (h,) of 8 feet is reasonably
close to the first lithologic break, indi-
cated at 12 feet in the test-hole log.

Station 65.—The resistivity ratio of
1:10:3 implies a top layer of silty-clayey
material, with a second layer of fairly
clean sand or gravel grading into a third
layer of rather dirty sand or gravel. The
resigtivity readings, 3,000 to 9,200 ohm-
cms., are not very high and indicate a
gand or gravel that is not too clean. The
contact depth (h,) of 13 feet corresponds
rather favorably to the test-hole log, in
which there is a lithologic break, indi-
cated at 10 feet, from a reddish-brown
slightly sandy «ilt to a very sandy gilt.

Station 140—The resistivity ratio of
1:10:1 implies that the top layer and
the bottom layer are composed of silty
clay and that the second layer is a fairly
clean sand or gravel. The resistivity
readings, 4,300 to 9,600 ohm-cms., are
not very high and indicate a sand or
gravel that is not too clean. There does
not seem to be any correlation between
the contact depth (h,) and the test-hole
log. There might be correlation if there
is a lithologic change at 20 feet, but
without drilling a deeper hole there is
no way of determining it. However, the
(h,) depth of 10 feet does correlate fairly
well with the lithologic break at 12 feet
in the test-hole log, where the material
changes from a fine silty sand to a fine
clean sand.
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Station 132.—The resistivity ratio of
1:1/10:100 implies that the Second layer,
composed of g silty-clayey material hav-
ing a low resistivity, ig overlain by ga
material of greater resistivity such as
sandy or pebbly til]. The bottom layer,
having a relative resistivity of 100,
should be composed of fairly clean sand
The resistivity readings

compares favorably with the lithologic
break, indicated in the test-hole log at
18 feet, where the material changes
from very Pebbly till to more clayey till.

Station 175.~—~The resistivity ratio of
1:10:1/100 implies that the second layer
is composed of fairly clean sand or
gravel, the top layer has some sand, and

The resistivity readings, 2500 to 5,500
ohm-cms., are rather low and do not in-
dicate good sand and gravel. The con-
tact depth (h,) of 17 feet compares
favorably with the lithologic break, in-
dicated in the test-hole log at 16 feet,
where the material changes from a
sandy silt to a very pebbly till,

Station 177 —The resistivity ratio of
1:10:1 implies that

good sand or gravel.
(h,) of 16 feet compares favorably with
the lithologic break,
test-hole log at 17 feet, where the ma-

Station 178.—The resistivity ratio of
1:3:10 implies that the top layer is com-
posed of silty-clayey material grading
into a secong layer of dirty sand or
gravel, and the third layer ig fairly
clean sand or gravel. The registivity
readings, 3,300 to 14,300 ohm-cms., may
be considered medium and indicate fair-
ly good sand or gravel. The contact
depth (h,) of 12 feet compares favorably
with the lithologie break, indicated in
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Station 315—The resistivity ratio of
1:10:1/10 implies that the second layer
is composed of fairly clean sand or
gravel, the top layer is somewhat sandy,
and the bottom layer is silty ang clayey.
The resistivity readings, 7,000 to 16,700
ohm-ems., may pe considered 'medium
and indicate fairly good sand or gravel,
The contact depth (h,) of 12 feet com-
favorably with the lithologic
break, indicated in the test-hole log at
10 feet, changing from a slightly silty-.
clayey reddish-brown sand to a cleaner,
finer eand,

SvuMMARY

The methods of interpreting the
resistivity data, as outlined by W. W,
Wetzel and Howard V. MeMurry,

- Seem to give adequate results when

searching for commercial sand or
gravel deposits to be used for road-
building and other purposes. The
areas for best brospecting are those
whose resistivity data conform to
master curveg having a resistivity
ratio of 1:100.1. This plus high ap-
parent resistivity readings are the
two governing factors in recommend-
ing possible prospecting areas for
deposits of sand or gravel,

The most consistently correctly
Interpreted value was depth to the
top of the third layer (h,). In 13
out of the 16 locations tested there
was a definite correlation between
the analysis of the test-hole logs and
the resistivity interpretations. Thig
has been referred to as the contaet
depth because it is the depth to the
contact between the sand or gravel
layer and the i1 layer. The sand or
gravel may be the upper layer or the
lower layer, hut the fact that the
contact depth wag determinable ig
significant,

In several locations there was also
a correlation between the interpreted
thickness of the top layer (h,) and
the thickness of the second layer (d).
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Tt is felt that where there was no
apparent correlation, a detailed
sampling procedure and microscopic
sample study would reveal evidence
supporting the interpretations by in-
dicating lithologic breaks which
would correspond to the electrical
breaks shown by the interpreted re-
sistivity data.

Test drilling bore out the predie-
tion that Area 1 was the best area
for sand or gravel deposits. Tt was

Tllinois Academy of Science Transactions

predicted that Area 2 was a good
prospecting area, and this also was
borne out by test drilling in the
southern part of the area. 1t was the
deposit in Area 9 from which the
Clinton County Highway Depart-
ment obtained the sand and gravel
for road building. Qeveral other
areas show good commereial possi-
bilities, but leasing arrangements
and other factors prevent their de-
velopment at the present time.




