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GROUNDWATER EXPLORATION WITH SCHLUMBERGER SOUNDINGS
NEAR JEAN, NEVADA

By Adel A.R. Zohdy

INTRODUCTION

In November 1986 and in March and June, 1987, the U.S.
Geolaogical Survey, in cooperation with the Las Vegas Valley
Water District, made a direct current resistivity survey in
Ivanpah Valley near Jean, Nevada. The very small town of Jean
lies approximately 25 miles (40 Km) south-southwest of Las
Vegas, Nevada, on U.S. Interstate 15. The survey consisted of
thirty six Schlumberger soundings. Figure 1 shows the
location of the sounding stations and most of the wells in
the area. The Schlumberger scunding technique and other
geophysical methods, as applied in groundwater exploration,
are described by Zohdy and others (1974).

The purpose of the resistivity survey was twofold: (1) to
study the subsurface electrical resistivity of valley fill
and its relation to the groundwater quality distribution, and
(2) to explore the potential of groundwater in the carbonate
aquifer in the Faleoczoic limestone, at the base of the Bird
Spring Range, in the northern part of the valley.

BACKGROUND AND DRILL HOLE INFORMATION

In September 1981, the Desert Research Institute, Reno,
Nevada, conducted a groundwater exploration program by
drilling several test wells to locate a source of fresh
groundwater for the Southern Nevada Correctional Center which
is located about one half mile east of Jean (Mifflin, 1982).
A preexisting well near Jean yields water of unacceptable
quality with TDS (total dissolved soclids) of about 1700 mg/l
(milligram per liter) . The State of Nevada standard for
potable water calls for a maximum TDS of 1000 mg/1. A
reversed osmosis process was used to remove the dissolved
solids from the water of the Jean well. Initial costs in the
mid 1970°'s were about %$65,000 per year, these costs increased
to more than %$400,000 per year by 1981 (Mifflin, 1982). This
dramatic increase in cost was one good reason to initiate the
drilling program to find a new source of fresh water.

The Desert Research Institute program started by drilling two
wells (wells A and B) in the Jean Lake Valley (east of Jean
and south of Jean Dry Lake). These two wells (see figure 1
for location) encountered groundwater of marginal to
unacceptable quality (950 to 1100 mg/1) and penetrated
volcanic rocks (andesite and basalt) at depths of S35 feet
and 243 feet, respectively. The plan to drill twc additional



wells (wells C and D) in the Jean Lake Valley, east of Jean,
was abandoned in favor of drilling aother wells west of Jean.
Wells E, F and G were drilled, about one mile apart, along
the road to the town of Goodsprings, with test well E closest
Yo Jean and test well G farthest from Jean (see figure 1).
These wells were subsequently renamed as follows: G became
A3-1, F became A3-2, and E became A3-3, with A3-1 being
farthest from Jean. In this report I will use the original
names: E, F, and G, for brevity. Test well G was drilled
first then E and then F.

Test well E yielded water of very good quality (about 420 to
500 mg/1, TDS). Surprisingly, however, wells F and G which
are west-northwest of well E, and therefore farther away from
Jean (see figure 1), yield water of lesser quality with TDS
of about 780 mg/1 and B45 mg/l, respectively. 11 calculated
these TDS values from the chemical analysis tables (Mifflin,
1982, appendix D). Higher TDS values were initially estimated
by converting electrical conductivity from water samples to
TDS (Mifflin, 1982, figure 10).

A production well was drilled at 123 feet from test well E,
and at present it supplies the needed potable water, at the
rate of about 2285 gmp (gallons per minute), to the
correctional institution. Four additional test wells (A3-6,
A3-B, AZ-9?, and AZ-11) were drilled at distances of about
one quarter to about three quarters of a mile from the
production well (see figure 1). Test wells A3-4, A3-5, A3-7,
and A3-10, were planned but not drilled.

Figure 2 shows a bar graph summarizing the TDS values for the
various wells in the Jean area. The location of the wells

in figure 2 is determined from their projection on the road
from Jean to Goodsprings. It should be noted that the
estimated TDS values (from the electrical conductivity
measurements from water samples) for wells F and G are
alarmingly close to the maximum limit of 1000 mg/1 allowed by
the Nevada standard; whereas the calculated TDS values (from
chemical analysis) show that these two wells are well within
the acceptable limit but still not as good as well E. The
multiple horizontal markers on the columns for, test wells A3-
11, E, A3-8, and A3-46, show calculated TDS values from water
samples obtained at different depths (see Mifflin’'s report,
1982, for exact depths).

Samples from well A3-11, about one hal¥ to three quarters of
a mile west—-southwest of the production well, yielded water
of good quality, ranging from 475 to 681 mg/l, TDS (see
figure 2). The water quality in well A3-11 improved to a TDS
of 475 mg/1 at a depth of 785 feet. Samples from the other 3
test wells showed higher gquantities of TDS (see figure 2).
Well A3-6 yielded water in the range from 890 to 1030 mg/l,
well A3-B yielded water in the range from 660 to 775 mg/l,
and well A3-? yielded water in the range from 770 to BOO



mg/l. In 1987, following the resistivity survey, water
samples were taken from test wells A3-8 and A3-11 and their
electrical conductivity in micromhos/cm was measured (Terry
Katzer, Las Vegas Valley Water District, oral communication).
These two wells are the only remaining test wells that have
‘not been plugged or destroyed. The two electrical
conductivity measurements from wells A3-8 and A3-11 were in
good agreement with the earlier measurements, and were also
in good agreement with the interpretation of the electrical
sounding data. The 1982 measurements of the electrical
conductivity and TDS in test wells F and G are not what one
would expect on the basis of the interpretation of the
resistivity sounding data (as discussed later in this
report). Unfortunately, new data from test wells F and G
could not be abtained.

NEW WELL

In September 1987, following the resistivity survey, a new
test well was drilled one half mile west of well AS-11 and
west of sounding 29 (see fiqure 1 for location). The purpose
of the new well was to test the water quality for a newly
built commercial development in Jean. Preliminary results
indicate that the water table is at 550 feet, and that the
water quality at a depth of approximately 650 feet is about
S00 mg/1 (TDS) with an electrical conductivity of about 7S50
micromhos/cm or about 13 ohm—m (Kay Brothers, Las Vegas
Valley Water District, oral communication). The well was
drilled to a total depth of 1280 feet (390 m) and did not
penetrate limestone basement. The water quality improved
with depth (Terry Katzer, Las Vegas Valley Water District,
oral communication). A sample taken from a depth of
approximately 1250 feet contained TDS of 400 mg/l with an
electrical conductivity of 670 micromhos/cm or about 15 ohm-
m. These encouraging preliminary results are in very goocd
agreement with the interpretations of sounding 29 to the east
and sounding 8 to the north.

RESISTIVITY SURVEY

Thirty six Schlumberger soundings were made along six
profiles. The data were collected in three short field trips
(3 to S days each). Two of the field trips were made in
connection with other field trips, near Las Vegas, to study
the carbonate aquifer in the Black Hills and to study the
valley fill across the Las Vegas shear zone. There, sixty
three Schlumberger soundings were made and their
interpretation is the subject of another report. In the Jean
area, soundings 1 to 9 were made during the first trip
{November 1986), soundings 10 to 20 were made during the
second trip (March 1987), and soundings 21 to 36 were made
during the third trip (June 1987).



FIELD CONDITIONS

The survey area, to the west of U.S5. Interstate 15, is
generally characterized by high contact resistance which is
caused by lack of moisture and/or clayey materials. The
contact resistance at the current electrodes was particularly
high (several thousand aohms) along the northern east west
dirt road at the foot of the Bird Spring Range (Paleozoic
limestone ridges), where soundings 1 to & were made (see
figure 1). Impressed voltages of 1000 to 1200 volts were
necessary to inject only about 15 or 20 milliamperes in the
ground. This very high contact resistance limited the maximum
current electrode spacing expansions of the first few
soundings. Fortunately, after the second day of the survey,
heavy rain showers, in the late evening, considerably reduced
the contact resistance along that road. The survey was
halted for half a day to avoid current leakage problems
(Zohdy, 194&8). Al though the contact resistance was reduced,
and the resistivity measurements could be made faster, work
progressed much slower than normal, along that road, because
of drainage channels that cut across the road at several
places which drastically reduced driving speeds during
deployment and picking up of the current cables. A power
line exists along the very edge of the road, but its poles
are not grounded except at two far apart locations.
Therefore, the power line did not affect the resistivity
measurements by acting as a giant fence with grounded metal
posts. Sixty cycle interference was negligible using the
praoper filters in the equipment.

On the road to Goodsprings, where soundings 7, B, 9, 1&, 17,
18, and 19 were made, there are several metal culverts. These
culverts were used advantageously as current electrades (when
present at appropriate electrode spacings that are greater
than 1000 feet). The culverts provided excellent electrical
contact with the ground, allowed large amounts of current to
be injected, and hence resulted in excellent guality
measurements for soundings 16, 17, 18, and 19.

A second power line, with grounded poles, runs parallel to
the road to Goodsprings, but it is sufficiently displaced
from the road that it did not affect the resistivity
measurements. This conclusion is supported by the
undistorted form of the sounding curves and by the fact that
the interpretation of the soundings obtained along the road
(such as sounding 7, which is expanded parallel to the
grounded power line) does correlate very well with soundings
expanded perpendicular to the power line (such as soundings
10 and 15).

Before proceeding with sounding measurements along the road

to Goodsprings, I was concerned with the possible detrimental
effect of another man made feature: the buried pipe line from
the production well to the prison facility near Jean. 1 made



few measurements very close (within 10 feet) to the buried
pipe line and expanded the electrodes parallel to it. The
purpose of the measurements was not necessarily to measure
the resistivity, but to look for IF (induced polarization)
effects on the measured voltages between the potential
‘electrodes. I+ the pipe line is made of metal, it will
produce an IP decay voltage. None was observed. 1 proceeded
with the survey, and did not observe any IP effects nor
distortions on the sounding curves that could be caused by a
metal pipe line. Subsequently, at a meeting with the Las
Vegas Valley Water District personnel 1 was informed that the
pipe line is made of AC (asbestos-concrete).

Few fences with metal posts are present along the roads east
of U.S. Interstate 15, but none were sufficiently close to
the center of the sounding stations or sufficiently well
grounded to seriously affect the resistivity measurements.

DATA COLLECTION

The Schlumberger soundings were made with a field crew
composed of 5 people and using three vehicles: an instrument
carryall truck and two additional pickup trucks for deploying
the current lines. All trucks were equipped with 20 watt FM
radios for communication. The two pickup trucks are equipped
with precision foot—-odometers for measuring current electrode
spacings at distances greater than 100 feet. Electrode
spacings from 10 to 100 feet were measured with a measuring
cloth tape. A S kilowatt generator was used for power
supply. The potential difference between the potential
electrodes was measured on a Haneywell potentiometric chart
recorder.

Most soundings (except the first few) were expanded ta
electrode spacings AB/2 (half distance between current
electrodes A and B) of 10,000 feet. Although the electrode
spacing distances were measured in feet, the electrode
spacings and interpreted depths are reported here in meters.
Both the apparent resistivities and the interpreted
resistivities were computed and are presented here in chm-
meters.

DATA FPROCESSING AND INTERFRETATION

The Schlumberger sounding data were interpreted using an
automatic interpretation computer program that 1 developed
recently (Zohdy, in press). The program is somewhat analogous
to a program that I developed several years ago (Zohdy, 1973
and 1975) except that it is generally faster and it yields a
model in which there are no anomalous thin layers of
unusually very low or very high resistivities (which are
geologically unrealistic). O'Neill ‘s filter coefficients
(0'Neill, 1975) are used in the convolution method for the



forward calculation aof theaoretical sounding curves. The
field sounding curves, the corresponding digitized curves,
and their interpretations are given in the appendix. Each
sounding curve was prepared for interpretation by shifting
the various segments upward or downward to form a continuous
‘curve (Zohdy and others, 1973). The last segment on a curve
is held fixed in position and the other segments are shifted
upward or downward to form the continuous curve. The shifted
curve is digitized from right to left and sampled at the rate
of six logarithmically equally spaced points per decade. Some
sounding curves, such as those of soundings 6 and 12, had to
be corrected for winding road effects (Zohdy and Bisdor+f,
1982). This correction was made prior to shifting and
digitizing the field curves. Titles of interpreted sounding
curves that are followed by CR, SM, ar EX (see appendix)
indicate that the interpreted sounding curve was corrected
for winding road effects, smoothed, aor extended,
respectively.

The automatic interpretation of each sounding curve produces
a model in which the interpreted true resistivity varies with
depth as a step function. A continuous variation of
resistivity with depth curve (Bisdorf and Zohdy, 1979) is
derived by drawing, or calculating, a curve that passes
through the mid point of each horizontal and vertical line on
the step function curve (see figqure 3). The caontinuous curve
is smoothly merged at each end with the horizontal lines
representing the first and last layer resistivities,
respectively. This transformation is made to generate —ontour
maps and cross sections of interpreted true resistivity.

The individual sounding interpretations, including the
graphical representations shown in the appendix, were made on
an HF 9845/B desk top computer. The location map, the cross
sections, the block diagram, and the resistivity at given
depth maps were all constructed on an AMIGA 1000 desk top
computer, using the caommercial paint program Deluxe Faint II
(Silva, 1987). The results were printed on a Xerox 4020 ink
jet colar printer.

RELATION BETWEEN INTERFRETED RESISTIVITIES AND WATER QUALITY
IN THE JEAN AREA

True resistivity values derived from the interpretation of
direct-current resistivity sounding curves depend on many
geophysical and geological factors. Without going into much
detail, it is important to remember that the interpreted true
resistivities from the sounding data depend an rock
lithology, porosity, water quantity, and water quality. Thus,
unlike water conductivity measurements, surface resistivity
measurements are influenced by porosity and lithology.
Furthermore, whereas water quality measurements are based on
samples obtained at few given depths, the interpreted



electrical resistivity from the sounding data represents the
resistivity of a much larger volume of material of water and
rock. ’

The purpose of this section is to outline the relationship
between the interpreted true resistivity contours, shown on
the geocelectric maps and cross sections, and the potential
for fresh groundwater supply. The following table summarizes
this relationship for the Jean area:

Resistivity Values Probable Lithology

and Water Quality
>750 chm—-m Dry alluvium or limestone.
Z00-500 ohm m Alluvium or fractured

limestone, with excellent
water, if present,

100-200 ohm—-m Limestone with acceptable
water or alluvium with
good water.

45-100 ohm—m Alluvium with acceptable
water (<1000 mg/1, TDS).
% 45 ohm—m Alluvium with marginal or
unacceptable water quality
(>1000 mg/1, TDS).
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The above table is not a universal table, it only represents
reasanable estimates for the Jean area. Indeed, in many
parts of Arizona, New Mexico, and Texas, fresh—-water alluvial
aquifers have resistivities in the range of 30 to 45 ohm-m
(see for example Zohdy, 196%; Zohdy and others, 196%9; Zohdy
and Jackson, 1273). Yet, the above table shows that layers
with less than 45 ohm-m should be interpreted as an aquifer
with water of marginal or unacceptable quality. There are at
least two explanations for this discrepancy:

(1) In the areas referred to in Arizona, New Mexico and
Texas, the salt-water alluvial—-aquifers have resistivities of
less than 2 ohm—-m and contain water with several thousands
mg/1 of TDS5. In the Jean area, however, the unacceptable
water in the Jean well has less than 2000 mg/1, TDS, and
except for well A3-46, all the other wells (according to the
chemical analysis) are within the limit of less than 1000
mg/1l (see figure 2). Therefore, the resistivity exploration
problem in the Jean area, represents the mapping of a
transition from brackish—-water to fresh-water, compared to
the mapping of a transition from brine to fresh—-water in the
other areas.



(2) It is possible to reinterpret all the resistivity
soundings and to attempt to force the low resistivity layers
to have lower resistivity values using the principle of
equivalence. Such an interpretation procedure will result in
aquifer thicknesses that are smaller than the presently
interpreted ones, and consequently the depth to the limestone
bedrock will be shallower. This was not done because there
are no available electric logs to warrant such a change and
the present estimates to the limestone beneath the valley
¥ill are reasonable. Thus, although previous experience
indicates that the cutoff resistivity for very poor quality
water in alluvial aquifers to be 10 to 15 ohm-m or less, the
present investigation in the Jean area indicates that we
should assume that layers with interpreted true resistivities
of 30 toc 45 ohm—-m (or less) to contain water of marginal or
below standard quality.

GEQELECTRIC SECTIONS

Six geoelectric sections are presented in figures 4, S, and
6. These sections represent contours of interpreted true
resistivities as obtained from the interpretation of the
individual soundings. The contour interval is quasi-
logarithmic.

The interpreted-resistivity contours, shown on the cross
sections and maps, are based on the continuous variation of
resistivity with depth models and not on the step-function
models given in the appendix. Therefore, depths to certain
layer resistivities from the step-function models may not
coincide exactly with those shown on the contoured maps and
cross sections.

1t should be noted that the automatic interpretation of the
electrical soundings was made without any constraints added
from geologic or hydrologic information from the drill holes.
The drill holes shown on same of the geoelectric sections
were added after the sections were constructed in order to
compare how well the gecelectric predictions correlate with
geologic and hydrologic findings.

SECTIONS A-A°, B-B', and C-C’:

Figure 4 shows three cross sections A-A’, B-B’, and C-C’° and
it also shows a location map for easy reference. The
following features are seen on all three cross sections: a
top layer of variable and generally high resistivities (>200
ohm—m)} representing dry alluvium that extends to an average
depth of about 150 m, a middle layer of medium to low
resistivity (30 to 100 ohm-m) representing water saturated
alluvium that extends to an average depth of about S00 m, and
a bottom layer of high resistivity (>200 chm-m) probably



representing Paleazoic limestone.

A buried ridge(s) of high resistivity material (Paleozoic
limestone 7) was discovered on all three cross sections. This
structure is about 2 kilometers south of Jean and trends
horthwest. A small outcrop of Paleozoic limestone exists at a
distance of about 300 m east of socunding 23 . The resistivity
high beneath sounding 23, on section C-C’, is most likely a
buried extension of that outcrop, but whether the ridge
beneath sounding 23 is connected with the buried ridge
beneath sounding 26 on section B-B° and beneath sounding 15
on section A-A’ is not definite.

A low resistivity layer of 30 to 45 ohm—m is shown on all
three cross sections. The relatively low value of less than
30 ochm—m was interpreted from the data of sounding 22 (on
section C-C°) and is assumed to exist beneath Jean by
interpolation between soundings 25 and 28 (on section B-B').
This relatively low resistivity layer of 30 to 45 chm-m
correlates well with the below standard water in the aquifer
below the Jean area.

The less than 45 ohm-m lens beneath soundings 10, 7, and 15,
on cross section A-A’, correlates very well with the marginal
and near marginal quality water sampled from test holes A3-6
and AZ-8, respectively, (see figure 2). For the Jean area,
good quality water in the alluvial aquifer is delineated
along the three cross sections with the material encompassed
between the contours of 70 and 150 cohm-m. The material
delineated by the lenses of 30 to 45 ohm—m probably contains
marginal or below standard water and therefore should be
avoided.

SECTION D-D’:

Figure S shows cross sections D-D°, E-E’, and a location map.
Cross section D-D° is along the road to the town of
Goodsprings and will be discussed here first. Geologic and
hydrologic information from the production well and the two
test wells F and G is included on the cross section. The
bottom 200 ohm-m contour, as on the sections discussed above,
is a good marker for the top of the Paleozoic limestone. Test
well G, penetrated limestone at a depth of 117 m (385 feet)
and bottomed in fractured limestone at a depth of 286 m (939
feet). Test well F, near sounding 8, was drilled in alluvium
to a depth of 256 m (B40 feet) and did not penetrate
limestone. Similarly, the production well (between soundings
7 and 9) and test well A3-B (near sounding 7) did not
penetrate limestone. This geologic infaormation is in
excellent agreement with the geoelectrical interpretations.



The shallow high resistivity material (of about 1000 ohm-m)
beneath sounding 18, near the left side of section D-D’, is
interpreted as dry limestone under a thin veneer of alluvium
(no surface expression of limestone at sounding 18). By
extending the right edge of this resistivity high to the top
of the limestone in test well G (where the data from nearby
sounding 17 does not yield a definitive interface between
alluvium and limestone) we find that the trend faor the top of
the limestone continues logically to the 200 ohm-m contour
beneath sounding 16 and continues, along the 200 chm-m
contour, to the remainder of the section taoward sounding 7.

The depth to the water table (228 m) in test well G is in
good agreement with the bottom of the high resistivity
material beneath sounding 18. Similarly the depth to the
water table in test well F, at the production well, and at
test well AS-B are all in good agreement with the
interpretation of the sounding data.

The expected water quality distribution along section D-D°,
according to the interpretation of the electrical soundings,
is only in partial agreement with water quality data. The
interpretation af the electrical soundings shows a steady
increase in the alluvial-aquifer resistivity from right to
left (from soundings 7 to 8). This steady increase in
alluvial-aquifer resistivity should also indicate a steady
improvement in water quality from right to left. In the right
side of the section, the interpretation of sounding 7 shows
the potential for marginal water quality (£ 45 chm-m layer)
which is in good agreement with data from nearby test well
A3-8. The fact that the interpreted resistivity for the
alluvial-aquifer increases from sounding 7 to sounding 9
(signifying a possible improvement in water quality) is
supported by the good water quality produced from the
production well which is located between these two soundings.
However, the water quality, reported in 1982, from test hole
F near sounding 8 and from test well G near sounding 17 do
not fully agree with the sounding interpretation results at
those locations.

The electrical conductivity of the production well was 400 to
700 micraomhos/cm (146.6 to 13.3 ohm—-m). According to the
geoelectric section this corresponds to an alluvial-aquifer
resistivity of 45 to 70 chm—m. The interpreted aquifer
resistivity increases toward sounding 8 and therefore one
would expect test well F to yield better quality water than
at the production well. Nevertheless, the electrical
conductivity of water samples from test well F ranges from
1230 to 1424 micromhos/cm (or 8 to 7 ohm-m). This means that
although the water resistivity at test well F is nearly hal+f
what it is at the production well, the interpreted aquifer
resistivity (according to the sounding interpretation) has
doubled. If the water conductivity measurements at test well
F are correct then the porosity and clay content at test well

10



F must be much less than at the production well. This one
possible explanation is not unreasonable because well F is
located up the alluvial fan where coarser material and less
clay is expected to occur. Another possible explanation,
however, is that either the electrical conductivity
measurements of water samples from test well F were in error
or that the water samples were somehow contaminated. Since
test well F no longer exists we will never know the correct
answer (without drilling a new test well near sounding 8).

The water conductivity at test well G, near sounding 17, is
reportedly about 1300 micromhos/cm (or 7.7 ohm m), almost the
same as at test well F. Here, the water is in limestone, not
in alluvium. The interpreted high resistivity value of about
200 ohm—m is surprisingly high for a limestone saturated with
somewhat brackish water. One possible explanation is that the
limestone has low porosity and is not as highly fractured as
one might expect. Indeed, according to Mifflin (1982, p. 17),
the limestone in test well G was encountered at a depth of
385 feet and that the rock "remained tight and essentially
unfractured until close to BB9 feet where the first fracture
permeability occurred". The well was drilled to a total depth
of 939 feet and then drilling problems began by losing the
lower eight cections of the pipe. Subsequently, the upper
part of the well (alluvium) caved in and the well was lost.

Results obtained from test well AZ-11 and from the
interpretation of sounding 29, which are not included on the
above cross section (D-D°) but are about one kilometer south
of it (see figure 1 for lacation) are in very good agreement.
The aquifer resistivity from the interpretation of sounding
29, is in the 70 to 100 ohm—metsr range (with no layers of 435
ohm—-m or less) and the guality of water sampled from test
well A3-11 is in the 500 to 550 mg/1 (TDS) range.
Furthermore, the results obtained from the newly drilled
well, west of sounding 29 are also in good agreement with the
interpretation of sounding 29. These encouraging results
lead me to believe that the interpretation of the sounding
data near sounding B on section D-D’ are indicative of good
water potential in spite of the earlier analysis of water
samples from test well F.

SECTION E-E"’:

Section E-E’, shown in figure S5, extends from sounding 33 in
the west to sounding 22 in the east and crosses U.S.
Interstate 15 between soundings 34 and 25. Both soundings 22
and 25, east of U.S. Interstate 15, and south of the town of
Jean, indicate that the aquifer resistivity is generally less
than 45 ohm-m and can be less than 30 chm—m beneath sounding
22. This is interpreted to indicate the presence of water of
below standard quality. To the west of U.S5. Interstate 15 the
aquifer resistivity is primarily characterized by



resistivities in the range of 70 to 100 ohm—m, which is
indicative of an aquifer with potentially good water. The 100
ohm—m zone beneath sounding 32, near the left part of the
section, is a particularly attractive target for an
exploratory hole to test the water quality.

As in the other cross sections discussed above, the 200 ohm—m
contour (near the bottom of section E-E’) represents a good
marker for the depth to the top of the limestone. A buried
ridge is shown beneath sounding 34 and beneath U.S.
Interstate 15, this is probably the same buried ridge shown
earlier on sections A-A°, B-B’ and C-C-’.

SECTION F-F“:

Section F-F°, shown in figure &, is located at the foot aof
the Bird Spring Range in the northern part of the survey
area. The section extends from sounding 18 on the road to
the town of Goodsprings, in the west, to sounding 20 east of
U.S. Interstate 15, in the east. The high resistivity
material (450 to > 1000 ohm-m) beneath soundings 18, 1, 2, 3,
4, and 5 most probably represents dry limestone. The blank
area beneath soundings 1, 2, 3, 4, and S represents the
limited probing depth of those soundings which were made in
the early part of the survey. A major electrical
discaontinuity exists between soundings S and &. 1t probably
represents a major fault that separates Faleozoic limestones
in the west from Mesozoic sandstones in the east (Gary Dixon,
USG5, oral communication). This electrical discontinuity has
no evident surface expression between soundings S and 6.
Limestone outcrops do exist near sounding 13 but according to
the sounding interpretation they must represent a relatively
thin layer that does not extend to any great depth. The
water quality beneath soundings 6, 13, and 20 should be good.

To the west of sounding 2 and beneath sounding 1, the high
resistivity limestone layer thins considerably. A major fault
(Gary Dixon, USGS, oral communicatian) exists in that area.
In view of this geologic information and the fact that the
200 and 300 ahm—m resistivity contours approach the earth
surface beneath sounding 1, this area represents a good
target for a test well to intercept the fault and explore the
water potential in the carbonate aquifer. It should be noted
however that beneath sounding 2 the highly resistive
limestone thickens considerably; therefore, the location of a
test hole to intercept the fault, below the water table and
at relatively shallow depth, must be carefully selected.



RESISTIVITY MAPS

Four resistivity maps were prepared and are shown in figures
7 through 10. These represent interpreted true resistivity
scontours at depths of 100 m, 200 m, 300 m, and 400 m,
respectively. The contour values are based on a quasi-
logarithmically equal interval. The resistivity map at 100 m
(330 feet) depth primarily shows the resistivity distribution
above the water table.

The 200 m (660 feet) map shows the resistivity distribution
near and below the water table. The low resistivity

anamaly near the town of Jean is strikingly evident.
Accordingly, the area enclosed by the less than 70 chm-m
contour should be aveided and that enclosed by the less than
45 ohm—m contour should definitely be avoided in drilling for
a fresh water supply.

The Z00 m (approximately 1000 feet) depth map depicts similar
information, but in addition, it shows a steep gradient in
the resistivity contours between scundings B and 16 which may
represent a northeast-southwest trending fault in the buried
limestone surface. The high resistivity closure about 2 km
southwest of Jean represents the buried ridge referred to
earlier in the discussion of the cross sections.

The 400 m (1300 feet) depth map primaril . shows the
prominence af the buried ridge southwest of Jean and what
seems to be a general trend of shallower depth to the
limestone in the southern part of the survey area. It should
be noted that the production well, test well A3-11 and the
new well all lie within the > 45 ohm m contour areas on all
maps.

BLOCK DIAGRAM

Ta further illustrate the resistivity interpretation results
in the Jean area, an aerial view map (figure 11) and a block
diagram (figure 12) were constructed. These twa figures
primarily represent the new possible ways aof presenting
resistivity data interpretation using todays available
computer graphics technology. The two figures also help add a
little humor to the usually dry presentation of scientific
results.



SUMMARY AND CONCLUSIONS

The variation of water quality in the Jean area represents a
subtle and difficult problem for geophysical exploration.
Unlike many other surveys where the water quality changes
from fresh water to brine, the Jean area presented a mare
subtle problem where water quality changes fram about 500
mg/l to less than 2000 mg/l with the cutoff being the State
of Nevada standard at 1000 mg/l. By correlating the
resistivity interpretation with the known geclogic and
hydrologic information it was possible to arrive at a
reasonable conclusion regarding the subtle differences in
interpreted resistivity values that distinguish alluvial
aquifers with acceptable water quality from those with
marginal or unacceptable water quality. It is concluded that
in the Jean area, aquifers with an interpreted true
resistivity of less than 45 ohm—m contain water of marginal
or unacceptable quality whereas those in the 70 to 150 ohm—m
range should contain water of acceptable quality. The
geoelectric predictions were supported by the drilling of a
new test well that yielded water of good quality. Geologic
mapping and geophysical interpretations indicate that a test
well between soundings 1 and 2 has a high potential for
intersecting a fault where significant groundwater flow in
fractured limestone rocks may be tapped.
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Figure Captions

Figure 1. Map showing location of Schlumberger sounding
stations and drill holes. Wells in blue designate potable
water, wells in red designate marginal or unacceptable water.

Figure 2. Bar diagram showing distribution of TDS (total
dissolved =solids) in wells. Locations are approximately
projected along road from Jean to Goodsprings.

Figure Z. GBraph shaowing method to transform resistivity
distribution with depth from a step function to continuous
variation. ’

Figure 4. BGeoelectric cross sections A-A°, B-B', and C-C°
showing variation of interpreted true resistivity with depth.
Depth in meteres. Contours in Ohm-m. Vertical exaggeration x

~
L

Figure S. Geoelectric cross sections D-D° and E-E° showing
variation of interpreted true resistivity with depth. Depth
in meters. Contours in Ohm—-m. Vertical exaggeration x 2.

Figure 6. Geoelectric cross section F-F’ showing variation of
interpreted true resistivity with depth. Fault shown
separates high resistivity Faleozoic limestone (on the left)
from Mesoczoic sandstone on the right. GQuestion marks
designate uncertainty of interpretation at depth because of
short soundings. Depth in meters. Contours in Ohm-m. Vertical
exaggeration x 2.

Figure 7. Map showing interpreted true resistivity at a depth
of 100 m (330 feet).

Figure B. Map showing interpreted true resistivity at a depth
of 200 m (650 feet).

Figure 9. Map showing interpreted true resistivity at a depth
of 300 m (approximately 1000 feet).

Figure 10. Map showing interpreted true resistivity at a
depth of 400 m (1300 feet).

Figure 11. Aerial view of the Jean area.
Figure 12. BRlock diagram 6-G°, composed of parts of sections
A-A° and E-E’, showing interpreted true resistivity with

depth. Depth in meters. Contours in Ohm-m. Vertical
exaggeration x 2.
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