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A DIRECT-CURRENT RESISTIVITY SURVEY NEAR

MINERAL HOT SPRINGS, SAN LUIS VALLEY, COLORADO.

By
Adel A.R. Zohdy and Robert J. Bisdorf

INTRODUCTION

In August 1991, the U.S. Geological Survey made a direct-
current resistivity survey to study the subsurface
geoelectrical structure in the area near Mineral Hot Springs,
in the northern part of the San Luis Valley, Colorado. The
resistivity survey consisted of 30 deep Schlumberger soundings
(Kunetz, 1966; Zohdy and others, 1974) and was completed in
ten days.

The study area is bound on the east by the Sangre de
Cristo Mountains, with outcrops of Paleozoic limestones and
gneissic Precambrian rocks, and on the west by outcrops of
Precambrian gneissic quartz monzonite rocks (Knepper, 1974)
and Precambrian granodiorite (Scott and others, 1978) which
are thrusted over Paleozoic carbonate rocks. At the foot of
the Sangre de Cristo Mountains, there is another hot springs
area: Valley View Hot Springs with warm waters of 32 to 34
degrees Celsius (Barrett and Pearl, 1978). The resistivity
survey did not include the Valley View Hot Springs area.

The Mineral Hot Springs consist of three groups of
springs scattered over an area of about 80 acres (0.324 square
kilometers). These springs are located within a few hundred
meters east of state-highway Colorado 17 and approximately
nine kilometers south of Villa Grove. The temperature of the
springs is 60 degrees Celsius, the total dissolved solids
concentration is about 650 mg/l, and the waters are of the
sodium-bicarbonate type (Barrett and Pearl, 1978). 1In the
past, warm waters from the springs were piped to mineral baths
and to a swimming pool.

In this report we present: a) the field data of the 30
Schlumberger soundings, b) interpretation of all the sounding
curves, c) two recontoured bipole-dipole total-field apparent-
resistivity maps based on data obtained by Jordan (1974), d)
three interpreted-resistivity cross sections, and e) an
interpreted-resistivity three-dimensional block diagram, which
helps visualize the 3-D subsurface geoelectric structure.



SCHLUMBERGER ELECTRODE CONFIGURATION
AND SOUNDING PROCEDURE

Figure 1 shows a schematic of the symmetric Schlumberger
electrode configuration with two current electrodes (A and B)
and two potential electrodes (M and N). The figure also shows
a current power supply, an ammeter for measuring the intensity
of the electric current, and a potentiometric chart recorder
for measuring the electric potential difference between the
electrodes M and N. The direction of expanding the distance
between the current electrodes is indicated by the arrows.
Note that the current-electrode spacing (AB/2) is defined as
half the distance between the current electrodes A and B, and
that the potential-electrode spacing (MN/2) is defined as half
the distance between the potential electrodes M and N.

To make a sounding, the current-electrode spacings are
increased at a logarithmically nearly equal increment (usually
at the rate of 7 points per decade) while the potential
electrode spacings are held fixed. After several measurements
are made at successive AB/2 spacings, the expansion of AB/2 is
stopped, the spacing between the electrodes M and N is
increased, the measurement is repeated, and then the expansion
of AB/2 is resumed. The condition that the ratio AB/MN must
be greater than or equal to 5 is maintained (Zohdy and others,
1974). Listings of current-electrode spacings (AB/2) are
given beneath each field-sounding curve in the appendix.

From a knowledge of the current- and potential-electrode
spacings, the intensity of the electric current injected into
the ground via the electrodes A and B, and the potential
difference measured between the electrodes M and N, an
apparent resistivity can be calculated. The apparent
resistivity is plotted against the current-electrode spacing
(AB/2) on a log-log scale (Zohdy and others, 1974) and the
resulting curve is called a Schlumberger sounding curve.

SCHLUMBERGER SOUNDING STATIONS

Figure 2 shows the location of all the Schlumberger-
sounding stations and the direction of current-electrode
expansions, which were generally parallel to the available
roads. The soundings were expanded to maximum current-
electrode spacings, AB/2, that ranged from 914 m (3000 ft) to
7,315 m (24,000 ft) with the majority of the soundings being
expanded to 3048 m (10,000 ft).



FIELD CONDITIONS AND MEASUREMENT PROCEDURES

At the time of the survey (August, 1991), the field
conditions in the study area were favorable for making direct
current resistivity soundings. The weather was generally good
(except for a severe thunderstorm that approached from the
north on the afternoon of the last day of the survey). Only a
few fences with metal posts were present (except along U.S.
Route 285, where a long metal fence exists). The effects of
man-made structures on a few of the sounding curves are
discussed in the section on distorted sounding curves.

Electrode-Spacing Measurements:

All current- and potential-electrode spacings were
measured in feet and later converted to meters during
interpretation. In this section, to simplify the discussion,
we will refer to the electrode-spacing distances in feet (as
they were measured in the field). The current-electrode
spacings (AB/2) from 10 to 100 ft were measured using a cloth
tape. At 140 ft and at 200 ft, they were measured using
markings on the laid-out potential-electrode cable, and for
greater than 200 ft they were measured using truck-mounted
precision foot-odometers.

In this survey, several of the field-sounding curves are
composed of four segments. A segment on a sounding curve is
defined as a sequence of measurements made with increasing
current-electrode spacings (AB/2) at fixed potential-electrode
spacings (MN/2). The segments on the field-sounding curves
correspond to fixed MN/2 spacings of: 2, 20, 200, and 600 ft,
respectively. The MN/2 spacing of 600 ft was only needed to
make measurements at large current-electrode spacings (AB/2)
that reached 24,000 ft.

For each sounding curve, the first segment was obtained
by successively expanding the current-electrode spacing (AB/2)
from 10 ft to 100 ft with the potential-electrode spacing
(MN/2) held fixed at 2 ft. At AB/2 = 100 ft, the MN/2 spacing
was expanded from 2 ft to 20 ft and the second segment on the
sounding curve was obtained by successively expanding AB/2
from 100 to 1000 ft. At AB/2 = 1000 ft, the MN/2 spacing was
expanded from 20 ft to 200 ft and the third segment of the
sounding curve was obtained by successively expanding AB/2
from 1000 ft to 3000 or up to 10,000 ft.

Some sounding stations were reoccupied and the sounding
was expanded from AB/2 = 8000 ft to AB/2 = 24,000 ft and the
potential-electrode spacing (MN/2) was increased from 200 ft
to 600 ft at AB/2 = 8000 ft (see for example sounding 1).



Other soundings were pre-planned for expansion to 24,000 ft,
and therefore the potential electrodes were expanded from 200
to 600 ft at the current-electrode spacing of 3000 or 4000 ft.

A few soundings were expanded to current-electrode
spacings that were longer than the available straight-line
road by following the turn in the road (see for example
soundings 24, 25, and 26). These soundings were corrected for
non-linear geometry using a method that we developed for
making soundings along winding roads in the Medicine Lake
area, California (Zohdy and Bisdorf, 1990).

Trucks and Other Equipment:

Three trucks were used for making the resistivity survey:
an instrument truck (a carryall) that remained stationary at
the center of the sounding, and two pickup trucks that were
used to lay out and pick up the current cable. Communication
between operator and crew was maintained using 90-watt FM
radios. A 5-KVA generator was used for current-power supply
and a potentiometric-chart recorder was used for measuring the
potential difference between the potential electrodes.

Data Acquisition Procedure:

The sounding curves were plotted in the field as the
measurements were made. We always use this procedure in order
to identify (and to correct or minimize) spurious readings
caused by operator or crew errors, by man-made structures
(fences, buried cables, etc), by current leakage from damaged
cable insulation, or by equipment malfunction. At the end of
each sounding, a test for current leakage (Zohdy, 1968) was
made. No current-leakage effects were observed for any of the
tests.

SCHLUMBERGER SOUNDING DATA

The field sounding curves and their interpretations are
given in the appendix. The soundings are numbered
consecutively from Mineral Hot Springs 1 to Mineral Hot
Springs 30. All the sounding curves were processed and
interpreted using an automatic interpretation computer program
(Zohdy, 1989; Zohdy and Bisdorf, 1989). The result is a step-
function curve that shows the interpreted variation of
resistivity with depth for a horizontally-layered earth model.
We refer to the resistivities in such a model as interpreted
resistivities.



Automatic-Data Processing and Interpretation:

The automatic data processing of the sounding curves
consists of:

a) Converting the current-electrode spacings (AB/2) from
feet to meters.

b) shifting the observed-curve segments, obtained with
fixed potential-electrode spacings (MN/2), upward or downward
to obtain a continuous unsegmented curve. Generally, the
segment measured with the largest potential-electrode spacing
is kept fixed and the other segments are shifted up or down.

c) Sampling the continuous curve at the rate of 6 points
per logarithmic cycle to obtain a digitized-sounding curve.
The sampling of apparent resistivities is done from right to
left, starting at the largest current-electrode spacing.

The digitized sounding curve resulting from the above
processing is fed into the automatic-interpretation portion of
the program to obtain depths and resistivities of a
horizontally-stratified earth model. The obtained model is
assumed to exist directly beneath the sounding station.

DISTORTED SOUNDING CURVES

Distorted sounding curves often are defined as curves
which do not resemble those measured over horizontally
stratified media. Here, we use the term "distorted" to
describe sounding curves that are affected by man-made
structures or by measurement errors. Two sounding curves
(soundings 23 and 24) were distorted by a fence and by a pipe
line, respectively. A third sounding (sounding 27) also may
have been subtly distorted by a long fence along the highway.
The effect of a metal fence on the measured signal varies as a
function of: (a) the distance of the current and potential
electrodes from the nearest metal post, (b) the grounding of
the various metal posts, (c) the direction of the sounding
expansion with respect to the orientation of the fence, and
(d) the continuity of the metal fence. The largest effects
are observed when the sounding expansion parallels the
orientation of the fence.

Sounding 23 was expanded in a north-south direction,
perpendicular to a metal fence located at a distance of about
1500 ft north of the center of the sounding. At that
distance, the fence turns at a 90 degree angle and parallels
the direction of expansion of the sounding line for an
additional distance of about 4000 ft. The effect of the fence



was not significant or noticeable until the current-electrode
spacing reached 4000 ft. At that distance the measured
apparent resistivity suddenly increased as the metal posts of
the fence acted as several small current-sources located at
distances extending between 1500 ft and 4000 ft from the
center of the sounding.

We conducted a small experiment to study the effect of
this metal fence on the apparent resistivity measurement made
at the current-electrode spacing AB/2 = 4000 ft. We made
several measurements in which the distance from the current-
electrode to the fence varied from 0 (zero) to a about 50 feet
away from the fence. The apparent resistivity readings
decreased from 86 ohm-m when the current line was at zero
distance to about half as much (48 ohm-m) when the current
electrode was placed at merely 4 feet away from the fence. As
the current electrode was moved in steps to about 50 ft away
from the fence the readings dropped asymptotically from 48 to
40 ohm-m, which is a more reasonable value for an undistorted
sounding curve. It is interesting to note the quick drop from
86 to 48 ohm-m, even when the current electrode was only 4
feet from the fence. This suggests that similar experiments
may be used to correct or at least to reduce the effect of a
fence under similar field conditions. Hooking the current
electrode to the fence, however, is not recommended for safety
reasons and is unnecessary. The readings made at 2000, and
3000 ft may be slightly higher (about 3 to 5 percent) than
they could have been if the fence was not present. The fence
ended at a distance of 5300 feet from the center of the
sounding.

Sounding 24, was made near a buried metal-pipe-line that
formed an acute angle with the direction of the sounding line.
No distortion from the pipe line was observed until the
potential-electrode spacing was increased from 200 ft to 600
ft. The sounding-curve segment obtained with MN/2 = 600 feet
dropped below the segment obtained with MN/2 = 200 ft.

Because of the relatively large displacement, we made a
complete overlap of the two segments (see the field curve of
sounding 24C in the appendix). The buried pipeline
intersected the sounding line at a distance of about 600 ft
and therefore it was located directly under the potential
electrode west of the center of the sounding. By scouting the
area we could see a segment of the pipeline lying above the
ground at a distance of about 150 feet north of the road where
the sounding center was located. Interestingly, a downward-
pointing cusp was not formed at the current-electrode spacing
of 600 ft where the current electrode crosse the buried
pipeline.

Sounding 27 was made parallel to US 285 and its center
was located approximately 100 feet from a long fence with



metal posts. Surprisingly, no significant distortions were
observed at any electrode spacings (see sounding 27 in
appendix), but significant negative IP (induced polarization)
effects were observed at current-electrode spacings greater
than 2000 ft. The seeming absence of strong distortions is
attributable to the continuity of the fence along the highway
(discontinuous fences often cause more readily observable
distortions on sounding curves). The IP effects attest to the
detection of a polarizable material nearby which is the metal
fence. The reduction in resistivity at electrode spacings
greater than AB/2 = 1400 ft may be caused by the fence and to
a lesser extent by the conductive materials of the valley fill
to the east of the sounding 27.

EFFECT OF LATERAL-GEOLOGIC INHOMOGENEITIES
ON SOUNDING CURVES

On some sounding curves (see for example soundings 1 and
2 in the appendix) we measured cusps caused by large lateral-
geologic inhomogeneities. Cusps are formed on a sounding
curve as the current electrodes are moved across lateral
inhomogeneities during the sounding expansion. There are two
types of cusps: downward-pointing cusps and upward-pointing
cusps. A downward-pointing cusp is formed when a current
electrode crosses over a conductive lateral inhomogeneity,
whereas an upward-pointing cusp is formed when a current
electrode crosses over a resistive inhomogeneity. A knowledge
of the behaviour of theoretical Schlumberger sounding curves
obtained near lateral inhomogeneities is essential in
interpreting the cusps on field curves. Sets of theoretical
Schlumberger sounding curves were published for the following
configurations: a) electrode array expanded at various
azimuths near a single vertical contact (Zohdy, 1974), b)
soundings expanded perpendicular to the strike of three
vertical layers (Zohdy, 1980), c) soundings made near dipping
contacts and over combined vertical and horizontal contacts
(Alpin and others, 1966; Kunetz, 1966).

Cusps (of either type) which are measured at short
electrode spacings are usually caused by small lateral
inhomogeneities such as boulders and buried stream channels;
whereas, cusps measured at large current-electrode spacings
are usually caused by much larger geologic units (assuming
that the cusps are not caused by inaccurate measurements).
Small lateral inhomogeneities of natural origin (not man-made
pipes and fences, etc), crossed by the current electrodes at
large spacings, do not affect the measurements to any
measurable degree.

On sounding 1 (see appendix) two downward-pointing cusps
are observed, one at the current-electrode spacing of 6000 ft



and the other at the current-electrode spacing of 16,000 ft.
Each cusp represents the crossing of at least one of the
current electrodes over one or more near-vertical contacts.
Both cusps indicate near-vertical contacts separating
resistive material (beneath the center of the sounding) from
conductive material (on the other side of the contact).
Because of the symmetry of the Schlumberger electrode array,
it is not possible to know, from conventional measurements, on
which side of the sounding center do the lateral
inhomogeneities at 6000 and 16,000 ft exist. However, data
from other soundings and from the total field data helped
resolve this problem. For example, the data from sounding 2,
which is located 3300 ft (one kilometer) south of sounding 1
and expanded in the same north-south direction as sounding 1,
shows a well pronounced downward-pointing cusp at the
electrode spacing of 3000 ft. The formation of this cusp at
the current-electrode spacing of 3000 ft correlates very well
with the cusp observed on sounding 1 at the electrode spacing
of 6000 ft, and indicates that a near-vertical lateral
inhomogeneity must be present at about 3000 ft south of
sounding 2 and about 6000 ft south of sounding 1. This
interpretation places a near vertical contact (geologic
fault?) at a distance of about 1000 ft north of Mineral Hot
Springs, separating a low resistivity region south of the
contact from a high resistivity region north of the contact.
Visual examination of the area in the vicinity of this low
resistivity region did not reveal man-made structures (at the
time of the survey) that could have caused these cusps.
Supporting evidence on the presence of a low-resistivity
inhomogeneity in that area is provided from the qualitative
and quantitative interpretation of other soundings (soundings
3, 5, 6, and 7) south of sounding 1 and from the recontoured
total-field apparent resistivity map derived from Jordan’s
data (Jordan, 1974).

The downward-pointing cusp on the curve of sounding 1 at
the current-electrode spacing of 16,000 ft is probably caused
by both current electrodes (north and south of the sounding
center) symmetrically crossing near-vertical contacts to the
north and to the south of the sounding center. The presence
of low-resistivity bodies at nearly equal distance to the
south and to the north of the sounding station causes the cusp
to be more pronounced even for relatively small resistivity
contrasts (Zohdy, 1980). The presence of a possible fault to
the south of sounding 1 (at a distance of about 16000 ft) is
supported by the interpretation of soundings to the south of
it (see interpretation of soundings 6 and 7 in the section on
resistivity cross sections), whereas the presence of a near
vertical contact separating the resistive material beneath
sounding 1 from conductive material to the north (at a
distance of about 16000 ft) is supported by the total-field
resistivity map shown in Figure 4-a, and by a geologically



inferred fault (Knepper, 1974). Soundings 8, 9, and 10 which
were made north of sounding 1 and south of the contact, show

little or no evidence on the presence of this contact. This

is interpreted to indicate that the near-vertical electrical

contact at that northern location is deep.

The location of most other observed cusps on the sounding
curves were found to correspond to geologic lateral
inhomogeneities that were revealed by the quantitative
interpretation of ensembles of sounding data collected along
profiles, from the study of Jordan’s total-field bipole-dipole
apparent resistivity data (Jordan, 1974), and from geologic
maps (Knepper, 1974, Scott and others, 1978).

JORDAN’S DIRECT-CURRENT RESISTIVITY DATA

John M. Jordan (1974) made several geoelectrical surveys
in the Mineral Hot Springs area in 1971, including six
Schlumberger soundings, several time-domain electromagnetic
soundings, and two direct-current bipole-dipole total-field
apparent resistivity maps. His work also included a brief
analysis of gravity, aeromagnetic, and remote sensing data,
and was published in a thesis submitted to the Colorado School
of Mines for a Master of Science Degree. Jordan’s total-field
apparent resistivity data were of the simple-total field type
(Zohdy, 1978) which means that only the magnitude of the
electric-field vector was used to compute the apparent
resistivity.

The maximum current-electrode spacings in Jordan’s
Schlumberger soundings ranged from about 800 m (about 2600 ft)
to 1548 m (about 5000 ft) and therefore, only few of his
soundings detected the presence of a resistive basement.

Our sounding 8 (made in 1991) was accidentally located
very near to Jordan’s sounding 1 (made in 1971). The near
coincidence of the two sets of sounding data which were
obtained 20 years apart is remarkable (see Figure 3). Our
sounding 13 was made near Jordan’s sounding 3. Here the two
sounding curves coincide at current-electrode spacings ranging
from 3000 ft to 10,000 ft, where Jordan’s sounding was
terminated. At shorter electrode spacings, Jordan’s sounding-
3 curve shows higher apparent resistivities than our sounding-
13 curve. A plot comparing Jordan’s sounding 3 to our
sounding 13 is not shown here.
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BIPOLE-DIPOLE TOTAL FIELD MAPS

Jordan’s direct current, bipole-dipole total field data
are based on two different current-bipole locations and
orientations: one east-west bipole and one north-south bipole.
Figure 4, shows two apparent resistivity maps that we compiled
and recontoured using Jordan’s bipole-dipole data. The
location of the current bipoles and of the measuring-dipole
stations, and associated apparent resistivity values were
taken from Jordan’s Figures 7 and 10, respectively.

Fortunately, Jordan included the measuring-dipole station
location and the associated apparent resistivity values in his
Figures 7 and 10, because the tabulated data (in appendix II
of his thesis) could not be used for regenerating the total-
field apparent resistivity maps. Jordan tabulated the
distances R1 and R2 from the measuring dipole station to each
of the current-bipole electrodes and the value of the angle
between R1 and R2. This information is sufficient to
calculate the value of the geometric factor to compute an
apparent resistivity; but without specifying the quadrant in
which a station is located, it is impossible to determine
uniguely the location of a station on the map. Thus although
there is data in Jordan’s tabulation for a few additional
stations (which he did not plot on his maps) it was impossible
for us to include these data on the maps we generated.

Jordan used the contour values of 25, 50, 70, and 200
ohm-m for contouring his maps. These values are neither
linearly nor logarithmically equally spaced. In so doing,
interesting and potentially important apparent resistivity
anomalies were missed in Jordan’s Figure 7 (with the east-west
current-bipole orientation).

Figure 4 (a and b) shows the results of recontouring the
apparent resistivity data given in Jordan’s Figures 7 and 10,
respectively. The maps in Figure 4 (a and b) were generated
using the program Kolor-Map & Section (Zohdy, 1993) and are
contoured at the logarithmically nearly-equal interval of six
contours per decade. The contour values we used in the
computer program are: 4.5, 7, 10, 15, 20, 30, 45, 70, 100,
150, 200, 300, and 450 ohm-m.

Bipole-dipole total-field apparent resistivity maps have
different forms which depend on the subsurface geoelectric
structures and also on the orientation of the current bipole;
this is valid even for horizontally layered media (Zohdy,
1978). When examining such maps one should remember that: a)
the closer a station is to one of the current electrodes, the
lesser the depth of exploration and conversely, b) stations
located along the polar axis of the current bipole are
influenced by the effect of layers at shallower depths than
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stations located at comparable distances along the equatorial
axis of the current bipole, and c) lateral variations in
resistivity affect measurements made along the polar axis of
the bipole much more, and in a different manner, than those
measured along the equatorial axis. Therefore, it is not
surprising that the two maps shown in Figure 4-a and 4-b are
different.

We found that the map in Figure 4-a is more useful, than
the map in Figure 4-b, in depicting some of the features that
are of interest in this survey. The map in Figure 4-b, as
compared to the map in Figure 4-a, is based on fewer stations,
covers a smaller area, and seems to be mostly affected by the
proximity of resistive materials on the eastern part of the
survey area (the Sangre de Cristo Mountains).

Figure 4-a shows that the area nearest Mineral Hot
Springs is characterized by two stations of moderately lower
apparent resistivities. The small embayment in the apparent-
resistivity contours is outlined in Figure 4-a by a circle.
The contours in that encircled area are 70 and 100 ohm-m which
are moderately lower than the apparent resistivity contours
nearby.

In geothermal exploration one usually looks for targets
of low resistivity that seem to be governed by the presence of
faults and other structures. In general, however, low
resistivity alone is not necessarily indicative of a heat
source and a low resistivity body associated with the presence
of a fault is not necessarily indicative of the presence of an
active heat source; because clays and high concentrations of
dissolved solids, by themselves, cause low resistivities.
However, in a geothermal area, heat can alter rock materials
into clays and other conductive minerals and generally
increases the amount of dissolved solids in the hot or warm
waters, thus low resistivity bodies occurring near faults are
still a good indication for the location of a potential heat
source in a given geothermal area.

The Mud Volcano area in Yellowstone National Park is a
vapor-dominated geothermal system which is electrically
characterized by a cap rock of low interpreted resistivity (2
to 7 ohm-m) underlain by a body of moderate interpreted
resistivity (75 to 135 ohm-m) which represents the vapor
dominated geothermal reservoir (Zohdy and others, 1973). 1In
the Mineral Hot Springs area, we do not observe a low
resistivity cap rock but we do detect the presence of a
moderately-low resistivity structure (45 to 70 ohm-m)
associated with the presence of inferred faults at large
depths beneath Mineral Hot Springs. The waters at the Mud
Volcano are rich in sulfates and low in chlorides, and the
waters at Mineral Hot Springs are rich in bicarbonates and low
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in chlorides. The presence of a deep vapor-dominated
geothermal system in the Mineral Hot Springs area is not very
likely.

Figure 4-a shows a second low resistivity embayment on
the total-field apparent resistivity map at a distance of
about 4 to 5 kilometers north of the A current electrode of
the bipole A-B, and at less than one kilometer south of Villa
Grove. The apparent-resistivity low is defined by three
total-field stations. As mentioned earlier, the location of
this apparent-resistivity low is in very good agreement with
the location of the low-resistivity body detected by a cusp at
the 16,000 ft (4.8 km) current-electrode spacing on sounding
1. The total-field apparent-resistivity data indicates that
two east-west faults probably exist in that area. The two
faults are separated by a distance of about 1.5 to 2 km and
they enclose a relatively low-resistivity material between
them (a graben structure ?). 1In addition, a geologically-
inferred fault is located in this area (Knepper, 1974).
Unfortunately, we did not make a sounding at that location.
The lack of well developed cusps on soundings 8, 9 and 10,
north of sounding 1 indicates that this is a relatively deep
structure, covered by a relatively thick overburden, and can
be detected laterally, by the formation of a cusp, only on
sounding curves whose centers are located at large distances
from the structure.

Figure 4-a shows two apparent resistivity gradients
striking approximately north-south. One gradient is located
between the electrodes A and B of the current bipole, and the
other is located near the eastern edge of the map. Most
likely, these two gradients represent the presence of north-
south trending faults. An inferred north-south trending fault
that passes near Mineral Hot Springs is shown on some geologic
maps (Barrett and Pearl, 1978; Scott and others, 1978), and
several northwest-southeast faults forming scarps in the
alluvium near the foot of the Sangre de Cristo mountains are
shown on other geologic maps (Knepper, 1974; Scott and others,
1978) .

INTERPRETED-RESISTIVITY CROSS SECTIONS

Three interpreted-resistivity cross sections were
prepared based on the automatic interpretation of the sounding
curves. Two are north-south cross sections and one is an
east-west cross section. The cross sections were generated
using the Kolor-Map & Section program (Zohdy, 1993) and were
edited and annotated using the commercial program Deluxe Paint
ITI (Silva, 1989). The step-function layering model, of each
sounding, resulting from the automatic interpretation program
(Zohdy and Bisdorf, 1989) is sampled in the Kolor-Map &
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Section program at the logarithmic center of each horizontal
and vertical line. These sampled interpreted-resistivity
values are used to generate the cross section and are shown as
black points beneath each sounding station (triangles). The
plotting of these points (which may be hard to see on the
printed copy of the cross section) is a good reminder of the
depth of exploration of each sounding when the cross section
is displayed on the computer monitor. White areas (with
question marks) beneath some soundings on the cross sections
indicate the limited depth of exploration beneath these
soundings. However, not all areas beneath shallow soundings
are whitened when it is reasonable to interpolate the data
between two adjacent deep soundings.

The three interpreted-resistivity cross sections are
shown in figures 5, 6, and 7. Each figure is composed of two
parts: the upper part shows the top portion of the cross
section, vertically exaggerated five times (to show the near
surface formations in more detail), whereas the lower part of
the figure shows the complete cross section without vertical
exaggeration.

On all three cross sections, the depth to the 100 ohm-m
contour represents the minimum-interpreted depth to basement
whereas the depth to the 450 ohm-m contour represents the
maximum-interpreted depth to basement. We consider the depth
to the 200 ohm-m contour to be the most reasonable depth
estimate to the geoelectric basement. It is possible to
interpret the zone of high resistivity contours (100 to 450
ohm-m) as a zone of gradual change from highly weathered
basement rocks at the 100 ohm-m contour levels to a much-less
weathered basement at the 450 ohm-m contour levels. The exact
depth to basement (without additional knowledge from deep
wells) is beyond the resolution of electrical methods and is
disguised by the various possibilities of equivalent
geoelectric models (Zohdy and others, 1974, Zohdy, 1989). The
geoelectric basement probably represents either Paleozoic
carbonate rocks or Precambrian granitic rocks.

Cross-Section 10-7:

Figure 5 shows the interpreted resistivity cross-section
extending from sounding 10 in the north to sounding 7 in the
south (see figure 2 for location). The length of this cross
section is approximately 9 km. The cross section shows a
considerable degree of complexity and clearly indicates the
possible presence of several near-vertical faults in the deep
subsurface.

The geoelectric layering in the northern part of the
cross section (from sounding 10 to sounding 2) is basically
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different from the geoelectric layering in the southern part
of the cross section (from sounding 2 to sounding 7). The
northern part of the cross section appears more like a typical
basin whereas the southern part is more complicated with a
thick resistive layer dominating the cross section from a
depth of about 100 to 600 m. This division in the cross
section is supported by the mapped geology and by the total-
field maps of Jordan, which all indicate predominantly north-
northwest south-southeast trending faults on the west side of
the valley, and a few geologically inferred faults that trend
nearly east west (Knepper, 1974). We believe that this
geoelectric section, in the vicinity of sounding 3 - near
Mineral Hot Springs, intersects some of these north-northwest
south-southeast inferred faults (Barrett and Pearl, 1978;
Scott and others, 1978) at an acute angle, and also intersects
the inferred east-west faults (Knepper, 1974) at nearly right
angles.

In the northern part of the cross section, there is a
top layer of moderately high resistivity (70 to 150 ohm-m),
probably composed of coarse sand and gravel, with a thickness
of about 100 to 150 meters (about 300 to 450 ft). It is
underlain by a low to medium resistivity layer (20 to 70 ohm-
m), probably representing sedimentary rocks with greater clay
or shale content, and having a thickness of 600 to 700 m
(about 1800 to 2200 ft), except beneath sounding 9 where its
thickness is even greater and may reach 1200 m (about 3600
ft). The two faults shown in Figure 5 at large depth beneath
sounding 9 are questionable.

The southern part of the cross section (from sounding 2
to sounding 7) is characterized by a moderately resistive
layer of 100 to 200 ohm-m extending from a depth of about 150
m to about 700 m. It is unlikely that this layer, with a
thickness of 500 to 600 m (1500 to 1800 ft), is composed of
sand and gravel. Its thickness and resistivity are more
indicative of a fractured limestone or of a highly weathered
granitic layer. It may also be a layer of fine sediments but
with a cemented matrix which was deposited by geothermal
fluids. Without deep drill-hole information we can only
speculate as to the nature and type of rocks based on their
interpreted resistivity and geometry.

The most significant features in this southern part of
the cross section are the presence of several prominent
inferred faults and the presence of materials with moderately-
low interpreted-resistivity (less than 45 ohm-m to 70 ohm-m)
in the depth range from about 1000 m to 2200 m beneath
sounding 3 near the Mineral Hot Springs area. Thus there are
three pieces of information that indicate that the Mineral Hot
Springs area is underlain at great depths by a low resistivity
body: a) the interpretation of sounding 3, b) the formation
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of cusps at the proper current-electrode spacings on soundings
1, 2, 5, 6, and 7, and c) the formation of an embayment of low
resistivity in the total-field apparent resistivity map shown
in Figure 4-a. All these indications are manifested on the
measured data in an almost subtle manner, but collectively
they distinctly support one another. It is interesting to
note that the near surface materials beneath sounding 3 are
not particularly conductive and that shallow electrical
exploration in the study area would not have yielded the
information presented here.

A significant inferred fault is shown south of sounding
5. The deepening of the basement in this area is also
supported by the formation of a cusp at the electrode spacing
of 16,000 ft on sounding 1. The presence of a second inferred
fault south of sounding 6 is less certain.

Cross-Section 28-26:

Figure 6 shows the interpreted resistivity cross-section
extending from sounding 28 in the west to sounding 26 in the
east (see figure 2 for location). The length of this cross
section is approximately 11.5 km.

In the western part of the cross section, the
interpretation of soundings 28, 29, 27 and 30 indicates that
at most locations, a resistive material with interpreted
resistivities in the range of 150 to 300 ohm-m exists at
shallow depth and extends to depths of at least 500 m. These
resistivities can be indicative of fractured limestone or
weathered granitic rocks. The geologic maps (Knepper, 1974,
Scott and others, 1978) show Precambrian granitic rocks in the
area to the west and south of sounding 28. These granitic
rocks are thrusted over Paleozoic carbonates which outcrop to
the northwest of sounding 28. 1In the area of soundings 28,
27, and 29, the alluvium conceals the underlying rocks.

Sounding 30 on the cross section was expanded east-west.
To the east of sounding 30, there is strong evidence for the
presence of a fault as indicated by the abrupt change in
interpreted resistivity beneath sounding 30 and sounding 1.
In fact, the fault is probably at a distance of about 70 m
east of sounding 30 as evidenced by the formation of a
downward-pointing cusp at that current-electrode spacing (see
appendix). Furthermore, the location of this electrically
inferred fault is in very good agreement with the location of
a geologically inferred north-northwest south-southeast fault
(Barrett and Pearl, 1978, Scott and others, 1978).

The interpretation of sounding 1 on cross section 28-26,
shows a much greater depth to the geoelectric basement, not
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only with respect to soundings 30, 27, 29 and 28 to the west,
but also with respect to soundings 11, 12, and 13 to the east.
There are at least three possible explanations for this: a)
sounding 1 is located in a graben-like structure with another
fault to the east of it (as shown on the cross section), b)
inasmuch as sounding 1 was expanded in a north-south
direction, whereas all the soundings to the east of it were
expanded in an east-west direction, it is possible that
sounding 1 was affected, at large current electrode spacings,
by the presence of conductive materials to the east of it; the
same conductive materials will not affect soundings expanded
in the east-west direction to the same degree (Alpin and
others, 1966; Zohdy, 1970), and c) as discussed earlier,
sounding 1 is definitely influenced by strong lateral
inhomogeneities at near right angles to the direction of
expansion resulting in the formation of two cusps, and a
different smoothing of the sounding curve could result into a
smaller interpreted-depth to basement.

The part of the cross section between soundings 11 and 14
shows a typical basin with low resistivity materials in the
middle of the basin. These low resistivity materials probably
represent an increase in silts and clays. It is unlikely that
these low resistivities indicate a conductive body of
geothermal potential. Had the geologic setting been in a
basin filled with volcanic materials, then these low
resistivity materials would have been of much more geothermal
significance. There are two inferred faults in this part of
the section. The inferred fault between sounding 11 and 12 is
uncertain, but the inferred fault between soundings 13 and 14
is very likely. Here all soundings are expanded in an east-
west direction.

To the east of sounding 15 the interpreted resistivity at
depths ranging from 500 to 1500 m increases steadily and it is
very likely that there is at least one fault between soundings
15 and 24. There is a bend in the section at sounding 24, and
soundings 25 and 26 were made on a road that trends northeast.
The high resistivity of the alluvial fans is clearly shown on
the vertically exaggerated part of the cross section beneath
soundings 15, 24, 25, and 26. It is difficult to ascertain
whether the high resistivity materials (at a depth of about
500 m) beneath soundings 24 and 25 represent basement rocks or
not. If they do then they probably represent the geologically
mapped Paleozoic carbonates which outcrop to the east
(Knepper, 1974; Scott and others, 1978).
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Cross Section 23-20:

Figure 7 shows the interpreted resistivity cross-section
extending from sounding 23 in the north to sounding 20 in the
south (see figure 2 for location). The length of this cross
section is approximately 9.8 km. The cross section is
relatively simple except for the rise of the basement surface
beneath sounding 13 and the possible existance of a wide
graben between soundings 13 and sounding 19 where a depression
in the basement surface is detected beneath soundings 16, 17,
and 18. 1In this cross section all the soundings were expanded
north south except for sounding 13 which was expanded east
west. It is possible to force the automatic interpretation of
sounding 13 (using some of the program options) to deepen the
basement surface to the same depth as beneath soundings 23,
22, and 21 which are located north of sounding 13. The
results of this exercise in sounding interpretation are not
presented here, and suffice it to say that even if the
interpretation of sounding 13 is altered to agree more with
soundings 23, 22, and 21, the possibility of a fault to the
south of sounding 13 would still exist.

It is quite probable that had we made a sounding near
sounding 13 and expanded it in the north-south direction that
we would have obtained a sounding curve that would have been
in better agreement with the other soundings on the cross
section. Such a sounding also may have shown the effect of
lateral pseudo anisotropy often manifested on crossed
soundings.

BLOCK DIAGRAM

Figure 8 shows a three dimensional block diagram
constructed from segments of the three interpreted-resistivity
cross sections discussed above. The purpose of presenting
this block diagram is to help visualize the three dimensional
view of the subsurface geoelectrical structure. The location
of the viewer is in the south of the survey area and the view
is to the north. The block diagram is self explanatory,
because all the interpreted-resistivity features already have
been described above.

MAP OF INFERRED FAULTS

Figure 9 shows a map of the location and direction of
throw of all the geoelectrically and some of the geologically
inferred faults. This compilation is primarily based on the
quantitative interpretation of the sounding curves (including
the detection of cusps on the curves), the construction of
interpreted resistivity cross sections, and on the qualitative
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analysis of the total-field apparent resistivity map shown in
Figure 4-a. Almost all the faults are concealed by a large
thickness of alluvium and overburden rocks. The faults are
dashed where their continuity is uncertain. The north-south
fault west of sounding 1 agrees very well with a geologically
inferred fault (Scott and others, 1978), whereas the east-west
faults agree in principle with other geologically postulated
faults (Knepper, 1974). The map in Figure 9 shows that the
Mineral Hot Springs are located above a graben-like structure
formed by two deep inferred faults.

CONCLUSIONS

The geoelectrical survey proved capable of delineating
the geoelectric structure in the area of Mineral Hot Springs
and vicinity at depths reaching 2 to 3 kilometers with a
reasonable amount of detail. The careful study of the
formation of cusps, which often are ignored and smoothed out
in conventional interpretation of sounding curves, proved to
be very useful in delineating the location of inferred faults.
This information when coupled with the layering interpretation
of the sounding curves and with the examination of the bipole-
dipole total-field apparent resistivity data, proved to be
useful in constructing an electrically consistent concept of
the subsurface structure. The Mineral Hot Springs were found
to occur above a deeply seated, relatively low resistivity,
zone bound by two deep faults.

COMPUTERS AND PERIPHERALS

The sounding interpretations were made on a 386 IBM-
compatible computer. The resistivity maps and cross sections
were generated in color on an Amiga 3000 computer using the
Kolor-Map & Section (Zohdy, 1993). The commercial program
Deluxe Paint III (Silva, 1989) was used exclusively on the
Amiga for editing and annotating the interpreted-resistivity
maps and cross sections, and in constructing the three
dimensional block diagram. The maps and cross sections were
printed on a Xerox 4020 ink-jet color printer.

The tabulations and log-log plots of the sounding curves
shown in the appendix were made as follows. The data files
from the automatic interpretation program were used to
generate graphics and text files compatible with WordPerfect
5.1, using a program written by the second author in Microsoft
QuickBASIC 4.5. The output was printed on an HP LaserJet III
printer.
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APPENDIX

On the following pages, the data for each sounding curve
includes:

1) A sounding title which is designated by the name of
the survey area followed by the sounding number. On the title
of the observed and interpreted curves, the suffix C means
that the sounding curve was corrected for a non-linear
electrode array. On the title of interpreted curves, the
suffix S indicates that the sounding curve was smoothed,
trimmed, or truncated, prior to interpretation, and the suffix
X indicates the sounding curve was extrapolated to smaller or
larger electrode spacings.

2) A tabulation of the current-electrode spacings (AB/2)

in meters (and in feet) and corresponding apparent
resistivities in ohm-meters.
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3) A log-log plot of the field-sounding data. Data
points made with the same potential-electrode spacing (MN/2)
are connected with a solid line to form a continuous segment
on the curve. Measurements were made with the potential-
electrode spacings fixed at 2, 20, 200, and 600 ft.

4) A tabulation of the automatically interpreted
layering; with depths in meters (and in feet) and
corresponding interpreted resistivities in ohm-meters.

5) A log-log plot of the output of the automatic
interpretation program. Circles represent the shifted-
digitized sounding curve. The continuous curve represents the
calculated sounding curve. The step-function curve represents
the interpreted layering model. Note that the abscissa is
used to represent the current-electrode spacing for both the
digitized and calculated sounding curves as well as the
interpreted depth to the various layers. Similarly, the
ordinate is used to represent the digitized and calculated
apparent resistivities as well as the interpreted resistivity
of the various layers in the step-function model.

22



10000

OQQM'—QQO

. )
lsun o O
QM\'M\U\OSO\?O

MNO=ONMNOMMNO
835

RESIS.

1000
)

ft
6
85.
2
1
1
5

MINERAL HOT SPRINGS 1S

SRRESTSITS
SRdET

—e0

DEPTH, m (
0
52.
2

100

o~ oy
_ngggmgoh
ONANMNYOY™ MMM
SV~ BAm 00

——— ——————

RESIS.

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

)

e L e L i L
’OQM\NU\N‘” N
QN-—c—u\Q

~ergERERs

ft

Nt Nt N Nt Nt N o il N b
MO COM NI
IRBETNIGME
NM\?‘NQV\% Nw O

o oDIGITIZED —— CALC.

i
0ooL 0ol oL
N-AHO NI ALIAI11SIS3Y

DEPTH, m(

[ o=
(=]
Q
o
<

10000

1000
App. Res.

OQOQOOOOQO OQC
(==l OQOQQO OOOOQOC
WOFOIODO0O0O0O0O0O000
PPPPNM@\OQON&NOO

vvvvvvvvvvvvvvv ~

ONONOOOOOOOOOOO
CON QOO NG O O~ 00O

Aqoeooeocnahanoo
288 MmIsmnE

MINERAL HOT SPRINGS 1
ft

100
AB/2, m (

OO O NI N!—\?N mgmh
ININININIMM—INO

10
ELECTRODE SPACING (CAB/2) IN METERS

App. Res.

)
)
)
)
)
)
3
)
)

OQQQQ Ooooooqao
« e “ e e s
o@oooooocoooooc
=M 00 OFOITOO00O0
v MO

ft

Nl Al Wl W o o N S o N P

mNO\fOOQQNQNO\fNQ
N-—-—-—N \0 \00\?0«@

MQOON&#ONQNQ-—PN
NM\?M\?\OQN@

S e—6—o FIELD CURVE

oo 000 0oL 1]%
N-AHO NI ALIATLISIS3Y

AB/2, m (

23



CALC. MINERAL HOT SPRINGS 2S5

S0 o0 oDIGITIZED ——

MINERAL HOT SPRINGS 2

2660 FIELD CURVE

ool

0ooL
N-AHO NI

oo
ALTATLSIS3Y

O

ool

0004
W-AHO NI

ALTAILSIS3H

24

100 1000 10000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

oL

1000 10000

100
ELECTRODE SPACING (AB/2) IN METERS

oL

RESIS.

)

RESIS. DEPTH, m ( ft

)

ft

DEPTH, m (

) App. Res.

ft ) App. Res. AB/Z, m( ft

AB/2, m (

&Iﬂr’NON\ONO\?
mm-—\foe-—aoe

88‘33"‘%8}3'6

P el ey
NOMONN\? goo
\fNMNQ N

I MO0
SeRERgR
NtV N Nl NtttV Nt P
RACRABNSSS

NONN BN
= NN N

ARBREN

WVWONN

n'_o N-QN%

n\fi"
—

MO #h N
OMN 2O 531q

mnwnh&wmm
Mneon

Nt N Ml ol o N b
=N LY o
EOQONP&%_N‘!
= ONMIN O NN OO
NN

QQ”OO\?OO
NM\TOQON

e VVVWVV\IVV

oOOoNOOOODODODOD
o«gﬁeoeoh.»oeweoc.o.o
PNM#\?OO#OQQQN
N OONO T——NM 3
NN 'OONPR‘?OO

AR A AN
[ JemT e Tom Tom o Jom Tom om o Jom Y o}
OO QQOOQOQOQ

OQOOOOOOOOOQ
\fOQ'_O~?Oa

Nt Nl Nl ol sl N " " " i

nho wﬂh ~

~w$oo~o
mgo —RAMT 00



10000

RESIS.

1000
)

MINERAL HOT SPRINGS 3
DEPTH, m (  ft

CALC.

RESIS.

)

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

oo oDIGITIZED ——
ft

DEPTH, m (

o
[==}
[==}
(=]
<

ALIA11SIS3H

10000

1000
ELECTRODE SPACING CAB/2) IN METERS
App. Res.

MINERAL HOT SPRINGS 3
ft

100
AB/2, m (

10
App. Res.

ft

8 65— FIELD CURVE

ALIATLSIS3Y

AB/Z, m (

N
seo MO0

2O
N~
N
NN NN O

— I

w
M
. .
M
M

!-QII\ OhNe—OND
NOWNOON—MINMNDO
. " o s 8 s 0 8 b

REsaiiE

ONM\NNPI{\NNI{\D
—O™M OQO

AT OO —om—;

ROCBLS 2N
sdgasdtng

osasaamssm

Nl N Nt ol NV o o N Nt

(=]
PLEY AT 4t

—=OIMNCONOOONN
=MD

[ oo Jom T T T Yom Tom Tom Yo T e Lo Tom T om ]
OCOO0O00O0ODOO00000D0

" 6 5 % 8 3 8 s b e s s s s ¥

Nl Ml Nl Nl N o o o Nl S o il S

0ONOCOOOO000000
wwhoqmwmwccowcw

Q#’OO‘\?O”OOQ”NOOV\
o VN O

QQOOQQQQ OQQQQO
[

QQQQOOOQOOQQQQD

FFFN"’IQ‘OQ

s - ~

'\Q N OO~

mevoomwwooc\lov-c-mm
NIMOOND oy




MINERAL HOT SPRINGS 4

CALC.

o o oDIGITIZED —

o
o
(=]
o
-

MINERAL HOT SPRINGS 4

8 6-6-9 FIELD CURVE

10000

i
]
i ) . —OMMSN=O
H e d » inOMIMMeMnS
! w n Emo ‘ooMNN O
1 — w ~onoMo
R Ww o (T2
! =
I
i z
i (= A AAAAAAAASAAA
et e e s e e e e 8T NN OOM MO0
1 = OVO—ITNMMO
I a. N 3 8-—NO§
H - -
! g N\ﬂng ZSFQ §
I
i m ~ Nl Nl N NN NPl N
] o E Mmoo m\fowwvoo
i P N NNQ hr’h—tb.
i o = a NNN\f
I o a & r-!—len N
e (AR 8 < w
. (g
!
! Q . m&crxeo«omw-—
1  —OOO0OMNNINT
i T} B NI 0O e f
! < W OINMIIO0MM
! a o — e
i (7]
! w
! o
e | b e - [=} 8 A AlAAAAAAAA
H - iSPNO QNG
! — 000 0M—® IO~
i 2 N ONIEON 00 0 0
1 ] e OIHNON
i w
! W NSNS NI NN s
] g M A PO MIIN
! - c s s e e s
1 E pmmmwmuowo
1 a
<
w
000L 01 o
=3
o
=]
o
<
.
¥ 0000000000000
w0 9 999988 30nNA88388
jaa QN O OO NN O
w L4 O OONM'—MDO!—FI{\
— & Lk ol g
ow g
SN, OO =3
< prd
—_— ~ PNPNPNPCNINP TN\
2988333838233333
OOOOOO0OOOOOO
m -.---oo-.----o
& ¢ gggsgsgssassds
a VOOFTODOOORO0O0
P .—.—-—-Nm\fmqocoot\lo
u ~ vvvvuvuvvvvvvv
3 £ I23N38329233333
o 0000 MO~ O\~ Q03 OO0
e g= o SGREEEEAEaEY e
e _ N 1933 0RI0SONQ D0
2 D NMATOONONDS 300
a
wn)
w
Q .
8 2 289993838383832332
00000300
oy o v s s 0 )
O NOOE\'QQQOMMQMP
» —ONMNIANONIY™«~ 00 N~
e oD g NRESCRee
=
w <

~ ONONININTNININININONINPNINN
[wloleloleleleolwlolololele)]
OQDDQDDDQDDDDD
« s e s
O\‘I‘ODOOOQOOOOOQ
=eANMIV000T0000
=M 0

ft

N "l W N N N N NN

mrso\fo«omoeoeolmo
ON!—r-v-NM ‘OO O~

M\?‘OONQQO NQ—!—N
= ONMM 3OO Nw

00l 0001 0oL 11%
A-NHO NI ALTAIISIS3H

AB/2, m (

26



MINERAL HOT SPRINGS S

0 © oDIGITIZED —— CALC.

[=)
(=)
(=1
o
<«

MINERAL HOT SPRINGS 5

S6—o—o FIELD CURVE

PRI ey & TR,

oooL
N-AHO NI

0oL
ALIAT1S1S3Y

11¢]2 ook

W-AHO NI

0ov
ALIATLSIS3Y

27

100 1000 10000

ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

10

oL

10000

1000

10
ELECTRODE SPACING (AB/2) IN METERS

oL

RESIS.

)

RESIS. DEPTH, m( ft

)

ft

DEPTH, m (

ft App. Res.

AB/2, m (

ft App. Res.

AB/2, m (

3E828R9978
Senidides
NN

NFUNCO
-
NP P il N N
M8IMe2 3R
m—- —-qmrso Q
;5 .jgpnudz“"“

.00

ryyy

V32

RBERS
PEQENNOSRN

e -—

8&3»333335
QNQNQQNQ
— =N 0N

NS PN NI I I

Nv-sﬂﬂﬂl\ ~Fin
~O \ﬂﬁ-— -3
IR
FN’GU\”N&OQN
e 0NN

SODNODODQQO (==}
OO N0 ~F NSO~ O 00O
3

PNSNUINININTNINNSNSNSNPNINN
=Y=t=1=T=1=0=1=1=1=1=1=]=1~]
S00000000600000
]
(= cooooo
2:’-8"138&08 ccggo

Nt N Nl N N N N o S N P N S

M\ND\?QO“)Q&NOQNQ
ch—r-c—N 00#0*('3-
'ﬁ\f NQ\?OONQ-—Q—N

00 —NMMT ‘OONQ



S0 o0 oDIGITIZED —— CALC.  MINERAL HOT SPRINGS 6

MINERAL HOT SPRINGS 6

8 6—o-o FIELD CURVE

1000 10000
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

100

10

oool
N-NHO NI

ALTAT1SIS3Y

e13

e Tt R

i
i
i
i
i
i
i
i
1

1000 10000
ELECTRODE SPACING (AB/2) IN METERS

100

10

0oL ooot
W-NHO N1

1]1]2
ALTATISIS3Y

0oL

28

RESIS.

)

DEPTH, m( ft

RESIS.

)

ft

DEPTH, m (

App. Res.

ft

AB/2, m (

) App. Res.

ft

AB/2, m (

anlﬂrﬂi-gﬂ) OO O
AN
.’RGR:&‘S"SQK‘&Q"

NQ &‘8~““58$8
ogg.- g
NO °§
=010
Nt N N adl “a Nt

NN NN D
FQM O@O NO.

TN OMNAON = O M=
wwwoo&mqmo
- Nnu'\meO

gmmmmoom
OO0 —MON

decigrdgurs

Nl Nl Nl N Nl N N b

HR58r3HERE

—~mdm~cooh

(o= {om L r {om Lon Tom Tom Tom T Tom Tm T Jom Lo Yo
me mu-\m--o«eo

g o

-

Lo lng
[ . QPQQQ N\f

PPN
[=lolalalalololelolelele o l= ]
QQOQQQQQQOQQOC{OO
R

QOO0
0000000000000
WOSOITOO0COCOOO00000
e NN SO0 ONVO T
==

Nl "t "l Nl N N P N o N it Nt "t b b

30&0(\1000000000@0
Lol ﬂJN\O\fNQ\f\fOOQON

.
MQ"O\?‘OQQO”&&&NO m
FONON r~o~-—-

PN, Talalatal
[afmlalalelolwlelolo]=]w ] lele]
OOOOQOOQQOOQQOQ

3 ) e s e
O@OOOOOOOOQOOOO
TN ONOSTOSFOO000

— N0

——

Nt Nl Nl o N NV o N S N S i et o

u\h~c=~fCho«neoh~eoh- SN
ON-—FG—N \70¢)
m«oo~u~fo~o~c e

M#‘MQ‘OO«NK)



MINERAL HOT SPRINGS 7S

S0 o oDIGITIZED -——— CALC.

00 000t
W-AHO NI

ALIAILSIS3Y

100 1000 10000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

oL

MINERAL HOT SPRINGS 7

i
i
i
i
i
i
i
i
i

S6—6-o FIELD CURVE

0oL 000k
W-NHO NI

ALIAILSIS3Y

10000

1000

10
ELECTRODE SPACING (AB/2) IN METERS

(1%

29

RESIS.

)

RESIS. DEPTH, m( ft

)

ft

DEPTH, m (

ft App. Res.

AB/2, m (

ft App. Res.

AB/2, m (

R28RIY

N O

e

CRINIER

;
godongs

OON noo
lncln u‘:NO

OQNPFU\
S2TARR
NN b N P
TRRRORY

NN O NN
MO
-0

.« « s .
0000000000000 0
[el=l=l=l={alal=l=l=l=]=]=]=]
WVWOOITOOOCOQO0O000
e (NMM OO0 NVO
—ee0

NN N NI Nl Nt N Nt N b N N P

§OONOOOO°°OOQO
.

NOONO e —NMT
NMM\?OQONQ\'%

OOQO OQOOQOOQQ
. .
OQOOOQOOOQQQOO
N O0O QO
e MQO

NI NI N N IS N N " N N N S

IO OO ONO N
ONe == NMI T OO

nqooww«co~o~—d
MM 8o ND



MINERAL HOT SPRINGS B

MINERAL HOT SPRINGS 8 S0 o oDIGITIZED —— CALC.

Se-e—o FIELD CURVE

004 000k
N-NHO NI

ALIATLISIS3H

i
i
i
!
!
i
i
i
1

0oy oooL
W-AHO NI

0ol
ALIAT1S|1S3Y

10000

1000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

oL

10000

1000

10
ELECTRODE SPACING (AB/2) IN METERS

(1]%

30

RESIS.

)

RESIS. DEPTH, m( ft

)

ft

DEPTH, m (

ft App. Res.

AB/2, m (

App. Res.

ft

AB/Z, m (¢

OV=INVO
O NONFO

* 5 o s 8 @
2‘-‘-°~F
~F NN Q

N Nl N Nt Nt N b o P

SRRN2ESEERE

N\fo Q NN

NN O

e ONMTNO NN
e\

[Tal={ NOVN

N [=3 Nu'\o'\

gg’d’o 'O e Or
NN

r-r-r--—r-r-—

PRSI PN
’OOI{\NU\MQON
”NFPU‘\OI"\

X

hQIh'ﬂ\fO N

RRSERN

—end

At N S Nt Nt P Nt il o

SOMO 0

~3305~Qong
N

N QNOWNNQO
ol ——ONMT

~ ~
[ lefufolelolele
OO00O00000O

6ooocooooo8

.00
00
00)
00
00
00

2
3
3
%
6
12
1828.
243

o AN O OO B
b PV eA AT T

NN e

PAAANPNAPAA PN AN
[ololellelolal=lalal=]a]el=]
OOO OQQOOOOOQ 4
. . [EI]
Sidsgesgsssses
—c

e (NSO

Nl Nl Ml M i o i " N o S

["alnt =4 ONNO O
~—§3%%3¢qqqqq
NEGESONGnd
m~t00~ ogaa



MINERAL HOT SPRINGS 9

o o oDIGITIZED —— CALC.

o
o
o
(=]
=

MINERAL HOT SPRINGS 3

S 6—6—o FIELD CURVE

oool 004
N-HO NI

ALIA11S153d

10000

1000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

o

ook oooL ool

N-AHO NI

ALIATLISIS3Y

10000

1000

10
ELECTRODE SPACING (CAB/Z2) IN METERS

]2

31

RESIS.

)

DEPTH, m( ft

RESIS.

)

ft

DEPTH, m (

ft App. Res.

AB/2, m (

App. Res.

ft

AB/2, m (

e
aﬂmnwmoﬁno

.
N N (==
QQSF?’—NQSNS

G s e
OOM e MOVO
OF\?NM”O
P~°§
3RS
N P ot N NSNS P

Nu'hro OO
ggKL¢ MO

.;.Jé"‘z'smgg

~
NMY
NO

Ko83

NN

(NN

O~ ML 0N
g%r: eoqoﬂnggggcgug
O =N ONONO NN
wo«mmmme O

N ===

4&-—
..
e NN ON

-

NPt N N N N Nt

RGNS

—AIMINOAIN 0000
e ONMUN

000000000000
NOO

o
(=1
GO A== O N ML
O
NSU\#O\?MN‘I#\?V\V\ o

NN N NNPNNTNPNONPNPN NN
000000000 DOODD
OQOOOOOOOOO
=] e e e
QOQOQOOOQQOQOO
000000000 OOO
VWO OITOOOOO0OO0OOO
—-—-—t—NN'NPsYOQNO

vvvvvvuvuvvvuv

QNONOQODODOOOO
8%@&&&’0#(\“’0@\1’0@

.

rvrn~s~o~1190ne<hcbcouah-«a

NVTONONO e=e—e=NMINN.

e-hnn~:unqwocrn§!eo~roco
—— O

0000000000 DO

DOOOOOOO O O

N Q DFQV\O
-

— e

O\TQOOOQOOOOOO

Nt o Nt Nl sl i i Nt Nt Nt N

u\r-ca Couoh~13~:ru
N OQNO
m\:oo wemm 0;;;



MINERAL HOT SPRINGS 10

o o oDIGITIZED —— CALC.

o
o
o
o
<

MINERAL HOT SPRINGS 10

2 e—6—0 FIELD CURVE

]

i

i

i

i

i

!

!

!
R PO PR

e

W-NHO

0004

0oL
NI ALIAILSIS3H

100 1000 10000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

oL

N-HHO

oo 000V
NI ALIAT1S1S3H

32

10000

1000

ELECTRODE SPACING (CAB/2) IN METERS

RESIS.

)

DEPTH, m ¢  ft

RESIS.

)

ft

DEPTH, m(

)  App. Res.

) App. Res. AB/2, m ¢ ft

ft

AB/2, m (

RIBRRRIRES

3883m2ﬁ§ﬁ°

FER39RES0S
*§~E:E§§a§

e e

L QiNO
gSQ S%Qm-— O

('R
0.
1.
7.
7.
0.
9.
0.
@

N0
\1:@9\7

SRENS

E°8~~333§2
MN e

o DO
mﬁs RSO q

N
U\I\PO\?ONk
NN

N N N N ) Nl o NV
SH3=3S0RRE

PNN\U‘\I\POM\?P
N

PPPNMM\?OQﬁO
-
Nl N N o 8

8£QONOOOOOOOO

[ml=l{ml=lelnlal=lo]lol=]
OOOOOOOOQ-OD

“ v e .
£V\QO\?N

93.00
83.00

oNON
3 OO STMMMMNO

N o= e e e = = o= e

0500006506600
e e s 4 e s 6 4 e e s
O OO00000D000D
——NMIVVOOIO0O

——eNAS

Nl Nl Nl N N N A N PN S o

O €0 QCON- D ~F 0N

M\TOONQ\?OOND -
—NMMN *OON



MINERAL HOT SPRINGS 11

CALC.

oo oDIGITIZED ——

10000
RESIS.

)

e e

ft

DEPTH, m ¢

100
RESIS.

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

)

ft

(==}
(==}
[==}
(=]
=

0ooL
W-AHO NI

DEPTH, m ¢

ool
ALIATLSIS3Y

MINERAL HOT SPRINGS 11

i
i
i
i
i
i
i
i
1

10000

1000
App. Res.

ft

AB/2, m (

10
ELECTRODE SPACING (AB/2) IN METERS

App. Res.

ft

8 6—e—© FIELD CURVE

0004
N-AHO NI

oo
ALIAT1SIS3H

AB/Z, m ¢

-—!— NNO O

k&lﬂom\’u"-cv%g

NSO -oM 008
17,3 -
N’O O’O\f \YOO

Egugpasee
—ONMIN

ry

o~
o
- --v-v.
O

k4

NN N N P

NOTOROONND
oq-—-mmo .mo

. g
N N QON\F‘

BInLR8ID

SecSoigion

NP N " o o

N an =000
’O\f N\?'-.\f

]
PNN‘I’\'\FQQﬂ

0000000000000

NSSESNSASA=IA

QQQOQ’OOOMU\MN
2T INTMIMMIST TN

AAAAAAAAAAAAAN
OO0 ODOO0
QOQOQOOOOOOQO
] .
OOOOOQOOQOOQO
%OQOOQOQOOOQO
VOTOTOOOOOOO
e MO0 00
—

Nt Nl Wt Ml N ol o o N N P il o

8QONONOOOOODO
COCON-CONO~TONX T O

NM\Y’O\Y’OO\?O@QQQ
O FTONONO e~—NNMT

OOOOQO

2

0.

6

8

3.
87.90
85.
84
68.

PNPNINPNININPNINPNININ

(o=l lolelololelwln]w]=]l=

OOOOOOOO [SI=T~T=]

I

OGOOOOOOOOOOO

AN Y000 TO000
e NI

Nt Nl "l " ol o N o o b P

mNOQOOQQQN’O\?N
PPFNM\Y\Y’OO\?Q

MQOGN&\?OONOG—P
NMM\?’OO*N



MINERAL HOT SPRINGS 12

o0 o oDIGITIZED —— CALC.

10000

RESIS.

1000
)

ft

oepru, m (

100
RESIS.

)

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

gy S QS

o
o
o
o
<

0001
N-MHO NI

DEPTH, m (

oo
ALIAT1SIS3Y

MINERAL HOT SPRINGS 12

10000

100 1000
ft App. Res.

AB/2, m (

10
ELECTRODE SPACING (AB/2) IN METERS

App. Res.

ft

S8 6—6—o FIELD CURVE

0oclk
N-NHO NI

ool
ALIAT1SIS3Y

AB/2, m (

L g
$355020e58
Kndenerdns

-

RGO
sam E

N N
$BRNTRRES

NFQ'\OU\QQM‘\%

VOO ONN =~
e N0

OO0
QT Mt 00N

HRIoEE
N

A - g g g

8’\’\“'\’\8’\’\
Lo =
gec-—w -:'O.

Moo T
BONSSEERS

Nt Nt Nl il i sl N il P
B2 9RE9e8N

— IO ONMION O
NS

PAANAAAPAPAAAAP
[={={elelolelelelelelale{=]
QOQOOQCQOO OO
. .
QQOOOOOQOOQQQ
Q00O 000000
owooqococcogo
e (NM ST MO 0 N

-—
Nl Nt ol ol ol P e Nt P ot il

8 QONOOOOOOOO
QQNOQ‘N\?NQQO

NM\?\'*OOQO\?QQQI\
FOONO T v vr=v

M
FNM”Q‘OONONQ\?‘O

8

QOO0 00
" e

QmPOO&QNNNO

NM NN e O

100.00

DOOOODOQOOOOO

O]

<:~rc>c:c:<:c:c:c:c:c:c:c:

—=NMFVDOOFTOOO
— S

Nt sl N N S o ) N " it "t N

IO QQQN‘OQN
TNMN 00,

m\’“OONQ\TQONOPv—

NMM‘?“OO:!



MINERAL HOT SPRINGS 13

o oDIGITIZED —— CALC.

So

MINERAL HOT SPRINGS 13

S6——6 FIELD CURVE

10000

R s Rt S

1000

ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

fon]
Q
=

000k

ool

1]%

1000 10000
ELECTRODE SPACING (AB/2) IN METERS

100

10

W-AHO NI ALTA11S1S3d

[ i

1 t

i i

i i

i i

i i

! !

i i
et e s { I 1
! !

! !

1 1

i i

i i

! !

! !

i I

i i
e oo T
1 t

i i

i i

i i

i 1

i i

i t

i i
e P +
i i

i t

i i

! !

i !

i i

1 i

. i i
i 1
0oL poot ool
WN-AHO NI ALIAI1S1S3Y

35

RESIS.

)

DEPTH, m (  ft

RESIS.

)

ft

DEPTH, m ¢

ft App. Res.

AB/2, m ¢

ft App. Res.

AB/2, m (

gesdnarers

PN NN
R?S&Sﬁﬂk°

n

NN Nl N N N o

N
SBRNZRRRES

Yosbansdng
PPN#OOQ

NSNS NS NSNS NSNS IS

£295~gren

quoonoe&

[ed=f=l=l=l=lolalele{=]=]l=]=]
MOINOOOOINOONON
® s 5 9 s 8 e o s 0 & B s
QO’OQOQ’NQNQQQ\f‘O

ICEXAXATat (ol ad ad ol ok ad oV 0]

0000000000000
OOQQQOOOOOOOOQ
. e R
OQQQOQOOQOQOQD
0000000000000
VOOIOITOO00DO0000
e NMAON OO N

—

e e T S L L

8§ONONOQOQQQQQ
N CONNO ~F NSO NGO~ O
R
FNM\?N’D\Y’OONQNQ\T\O
e (NN

OCOO0000O00O0000
EEEEEEEEN I
QQOQOQQQQQQQQ
FrNMQ‘OQQQ
PNM\'

R AT T T T v )

U'\NQQQO&Q&N*O#N
ONPFFNN\ OO+ O
NN
m#o&mco«ocmor—‘—
NMMQ’\OO«N



CALC.MINERAL HOT SPRINGS 145X
]
i
|
i
i
|
i
i
SR A

]
i
]
i
i
i
i
i
i
IS S

o0 o oDIGITIZED ——

(=]
o
o
(=]
b=

000l
W-ANHO NI

ALIATLISIS3Y

100 1000 10000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

ol

MINERAL HOT SPRINGS 14

S 66— FIELD CURVE

0oL oook
N-NHO NI

ALTATLSIS3Y

100 1000 10000

10
ELECTRODE SPACING (AB/2) IN METERS

o

36

RESIS.

)

RESIS. DEPTH, m( ft

)

ft

DEPTH, m (

) App. Res.

ft ) App. Res. AB/2, m ( ft

AB/Z, m (

COMNNE O IﬂQO
NN\?M

ssgssmmég

RELRSSSZ3T
AT

©
N
;
o MOO
RERSES

§§§Sﬁ888§3

NN NSNS b P

F:nnh-b-nnan:rﬁvv:
0 OMNOMON-

PNMV\”N'\OQO
e NN

8888333]

26.00

N—MANNONN
A oMo o

SgOONQOQOOOOQ
€0 CON- O3NSO OO

.
NM\?\?OO\?\?OQQQI\
O ITOONO T = NMTIN
PNMMQ’OQO‘_S\?QO

[mg=l=l=l=]lelelelelele]lele]
U\OCOQOOOOOOOO
. . - . e

N

,_‘_,_,_.._,_._,_,_._

PAPNANAANAA AN A AN
[ol{={rl=l=lololalelnlelele]
QDOOOOODOOOOQ
. 3 IR
QQOOODODOOOQD
—NMEON00OI000
e M

B S el S L)

N-—r—PNM\fQOOQO‘

mqoommqoowc—-—
-



80 0 ODIGITIZED —— CALC.MINERAL HOT SPRINGS 15CS

MINERAL HOT SPRINGS 15C

S 6—-e—o FIELD CURVE

100 1000 10000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

gool
A-HO NI ALIAILSIS3Y

(11%

et

i
i
i
i
i
i
i
i
i

1000 10000
ELECTRODE SPACING (AB/2) IN METERS

100

10

aolL goov oo
A-NHO NI ALTATLSIS3H

13

37

RESIS.

)

RESIS. DEPTM, m( ft

)

ft

nepm, m

AB/2, m ( ft App. Res.

pp. Res.

ft A

AB/Z, m (

8RI2RINY

©n 'gwmop

8°¥:

R T

e O

N$ F\?O

~FNN N

—ONMAR
-

dT2gree

a ONM’\QN

NII\O\? OOO
—ONNMN --lsm

N N NS PN

$N\1"‘~t°~t

uﬂsc— oeu\rmo
NN

[
(=] OOOOOOOOOOO
[
OOOOOOOOOOOOON
OgOOOOOOOOO

OYOTO0O0000 I{\!"
e NI ONON

Py
D e T P

gﬁsc:uu:rucu:cn:c:o«u4
CON- 0N 0NN OMINO:
DM OO0 Oty
eoxtcﬁecann:"Cho‘
v-fVN1~7Fﬂ~t~0¢>furuaﬂg3ChN1

[=l={=]wlele]lelelelelealoe]
qoooooocooooo

“ s e I
OYOOOOOOO00000
—eNMI 0000000

Nt " N N N P P NP S S

IﬂNQ oM o

anﬁ 00330
Mo quoomo

<50 MM OEE



80 0 oDIGITIZED —— CALC. MINERAL HOT SPRINGS 16

MINERAL HOT SPRINGS 16

S 650 FIELD CURVE

100 1000 10000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

i i
! o
! !
! !
i i
i i
i i
i i
e I i
. i pom
i i
i i
i i
i i
i i
i i
i i
! !
e I g
i i
! !
! 1
i i
i i
] I
i i
i i
e |_ ................. G-
| i
i ]
i i
i i
i i
! !
! ]
i i
i i
114]9 0004 0oL
W-AHO NI ALIAI1S1S3H

o

100 1000 10000

10
ELECTRODE SPACING (AB/2) IN METERS

ooy
W-AHO

000k

00t

NI ALIATLSIS3Y

38

RESIS.

)

RESIS. DEPTH, m( ft

)

ft

DEPTH, m (

ft ) App. Res. AB/2, m ( ft App. Res.

AB/2, m (

:mnmlsao«ommo
venw-v--fvmo

~en
OOV O

nzo QN °°

eocw

N N N N b S

SRRBENGIRS

300
—e=ONMT I

NO\ONCO
S2SRERR
LRSI,
—-c:c:eo-c:~rh~rnaa
MFTNNOONT I

(=] Nlﬂ Q NQ
3”8(\!-—"#\0#\'0

QQN

I‘\QU\M\YO
omn

NN

Nt N N N N N N ot

O\ O - COMNINN
ﬁmeo \TN Q‘MO

[3Y] NOI’\NNQO
gl —ONMTN

00000000
mmmhommow
e e )
”OMO’OOPOPNN !\mh
MMM SEMNANIN NN SNMINN

0000000000000

QOV\OM\OOODOM‘\I’\QD
. s o 0 8 8 s 8 8 s e s
N\fQNQPPPN’OMPQD
MMM EFINNINSE S TN

PALNANANINININ NSNS NN
[=lelelelel=l=lelelel~lalel=]
[=lel~lol=l~l=Twl=lelelelole)
RN
OIOO0O0O00O0O0O0O000
FFNM\Y@QOQ\?QOO%

—eNMMT

Nt Nt A N o N N N Nt o N N T NS

O IOt NGO
om—ﬁg R33NI

\f .NQ\;QDNQFF-N
N‘I ‘OO‘ NMM\!“OONQ



CALC. MINERAL HOT SPRINGS 17

o o oDIGITIZED

(=
[=

MINERAL HOT SPRINGS 17

36— FIELD CURVE

1
!
i
!
i
!
}
!
i
i
!
[}
!

o

T

o
o
b=

W-NHO

aaot

0oL

NI ALTATLSIS3Y

[1[¢]2
N-AHO

0001

NI ALTAILSIS3Y

39

1000 10000

ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

10

(1%

100 1000 10000

ELECTRODE SPACING (AB/2) IN METERS

10

]2

RESIS.

)

RESIS. DEPTH, m ¢ ft

)

ft

DEPTH, m ¢

AB/2, m ( ft App. Res.

. Res.

App

ft

AB/2, m (

RORSIANSNS

MOOON O (=]
ARSSRRSNSS
c-c-lhglh IﬂNN"b

i

»

»
N st N N N N i P P

OO g (=
SRNRESSSTS

ENREBSRY ~§

NNESBLGRES
SCLEENINTS

= OMUN

Nt N o N Nl N N S

NN
ISR

chhoméwwg

=
VNOOFO0O00O00
PFNN\QQO&N‘OO

Vvvvvvvvvvvvvv

:Bascn:rucu:cacu:c:cn:ca
w00hﬂo~tnuv¢h:<nnc

[=l={=f=lol=lolololal=lalal"]
QQU\QQDOQOV\QODO
. . [l .

O
o
"a)

Ik NS

PANANANANAAPNANLNANA AN
Q0000000000000
" v s . .
QQOOOOOOOOOOOO
CENMEO0OSTOI0C00

e (NN

Nt Nt Nt N o S N " N Nt N N S S

mho N N O~ N

neoom'co~o~o
wmnqncogﬁ



MINERAL HOT SPRINGS 18

0 0 oDIGITIZED —— CALC.

(=]
(=]

MINERAL HOT SPRINGS 18

S e—6-0 FIELD CURVE

i i
! 10
! !
! !
! !
! 4
! !
! !
J R — LR doee e
i !
i i
! !
| !
i i
i i
i !
i i
j i
s e o=
! !
! !
| ]
i i
i i
i i
! !
i i
O L et T T ‘-
| i
! !
] I
i i
i i
j i
| i
1 |
i i
1[4]2 oook ool
N-AHO NI ALIAILSIS3H

1000 10000

ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

10

i]%

116]%
W-HO

oooL

NI ALIATLSIS3Y

40

100 1000 10000

ELECTRODE SPACING (AB/2) IN METERS

10

RESIS.

)

RESIS. DEPTH, m(¢ ft

)

ft

DEPTH, m (

ft App. Res.

AB/2, m (

ft App. Res.

AB/2, m (

AN O NN
©eNnERK0S

TN MIND
NG MNFPNMO

(RBSNRRNES
-—-—w\ Il\'Otf\NN
SO O\ e= =1\

MUN WM~ O
N P N st i N

A cOO N g-—o
Nc—-NO

N\?O ONN
NN §\7N\f
QNN

=

OO ™= 330 ~M
“ s s e b e s s e
ARKSABR

PNANANANAAP
woou\lsu\nwofv
QQNFU—IAO
« s s 0 s s
NOU\M Q

RMA

QQN
={'ala]
—e0

Nt o N N N N N b

JRRBSTRISN

AR RO
o~ [={al
aiad -—-—Nng'\

[l lelelelalali={=l=lalelolo]

OII\OOU\OOLHOOQGIAQD
. .

O\?NONFOF’ O

PAPNINININININ PPN PN

88°NONOOOOOOOOO
J Q.NQN\OQQNQQOGDO

]
o N OO
s gddedonaiod
FNMQM\?\OOONQQO@D

—ONMI0

[elaleleleleleleleloleol=]e=]
O VOO OoONOoOoOONM
MO
QOOMNMOIINOOONO
[ Ll VI VIV [ D 2 JEDCLR QL 23

PNONONANANAPNAINININANN A

[ml=lelelelelelelelal=lal=]=]

OOOOQOOOOOOOQD
.

.
OQQQOQOOOOOOOO
CENMTO0OTOTO000

e NMS
o Nl ol "t o "t o o Nt Nt o Nt

unh~c:~:c»owoaor~«n~
ON'-'-—'NM sto:

. . .
MQVOONQ\*QNONDF-—
mcm«oo«\l



MINERAL HOT SPRINGS 19

0 0 ODIGITIZED —— CALC.

1
i
i
!
i
i
i
i
!
B
!
!
!
!
!
!
!
!
e T et T L SE TR R ST i

1000 10000
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

100

10

[
o
[=]
o
-

000L 0oL

N-NHO NI ALIAITLSIS3Y

o

MINERAL HOT SPRINGS 19

B
i
i
i
i
i
i
i
i
...._._.-._._._.—._.+._._.—._._._._.-.._‘._._._._._._._._._!_,_._._._._.—._._.

1000 10000

100
ELECTRODE SPACING (AB/2) IN METERS

S e—e—-o FIELD CURVE

oob

oooy ook

N-AHO NI ALIAILSIS3H

Ob

41

RESIS.

)

RESIS. DEPTH, m ( ft

)

ft

DEPTH, m (

ft App. Res.

AB/2, m ¢

ft App. Res.

AB/Z, m (

Wi OM—hO
\th\O\ﬂnO VOMQ

n =M
SSG”Npisag

30 &MFMOO
o \TNMMO

‘°°8§§§§§m

NN

NN T N o o Nt S

RRYAARAS
9~z@33mmg§

= ONMILA LD N
L ol

OOwn 14
SRREGMEMIERY
R EREEN
OOVONOQON TN
NS MMM MMM

PNONON NSNS\
83852832

N o Nl S Nl N

MM

—Nmmcuﬁowé

00000
mOOOO

II\’\N\'V\PNU\
MOINON NN SN

N Nl N N SN N o

N FONOOOOOOOO

QQOQN()##(\EGL:QQ
« e 8w . s

=M O ONT 3 OO0 N O

NOF ONO = v—e—=NMINN

=M OO O

M

[olelelelclelelelalelelnle]
GDOQOQDU‘\U\OU’\NO

o e « o os
N"OONNV\U\NPU\V\Q
T MMM MM SN

PNPNANANINANIN AN
[ol={={=]elolelelw]lwlw]lmle]
OQQOOOOOOOOOQ
. I
O\?OOOOOOOOOOQ
NI O00OIOIOO

- eme (NY

Nl el ol Nl Nl Nl Nt " N P N S

- e
~—23&°30°eo¢
mccomoeo~o~o—
—NIMATAT DO



© oDIGITIZED —— CALC. MINERAL HOT SPRINGS 20X

8o

MINERAL HOT SPRINGS 20

S 6—e—© FIELD CURVE

————————— o o e e e s

Q
[=)
=

oooL

W-AHO NI ALIAILSIS3H

100 1000 10000

ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

10

%

0oL gooL

N-AHO NI ALIAI1SIS3Y

42

100 1000 10000

10
ELECTRODE SPACING (AB/2) IN METERS

RESIS.

)

RESIS. DEPTH, m ( ft

)

ft

DEPTH, m (

ft ) App. Res. AB/2, m ¢ ft App. Res.

AB/2, m (

s§§n9z~~a§

A,
Nnionn-—moo
O=NMMO

~¢m§3539§§

NPl N

[XIMARRIA2E

axaoasmxgg

- OV

QFNI’\OPONM
Q ""Q OF
-

eS8 '3&88%;‘2

2I35No83as

T T

Wt Nl Nl N N "l N o b

N Ta)
REGSSMNIMSN

—NIMAGNINGOS
O

D000 DODO
SO0 oINBINBOoOMas

“ s s s s s s il
unsg:c>r4zvho qwo ON
NI MININ S MM STMMMIN

OOOQOOO OOOQOOO
[=l{=l=l=l=lol=]=]====l=]=]
NVOITOOITOOODO0O000

e e e (MM QQN

vvvvvvvvvvvvvv

Escaouc:c:rvca::c:c:::c:::c:
COMN O CON-0 2N F O30

ﬁédocooeo«&wwh

S ONOONO ™ e=e-r

NMQOMQOQNONw\Y’O
- ee-0NM

(===t =1=Talo o =TT == T=]
Slnoocoo00o0000oIn
“ e e N
ONIN O OOoONNON
N OMNOO OOV NINNT
Ll ol ol

latlalataY o VoVt o Y oV o ¥ o o o e
=== e === T=1 === 1= =)
S00C0000080800
e b e s

O OO0000000000
—=AMIV0O0OITOD00
—ee-NMI O

Nt Nl ol NN N " N o " P b i I

nho ON-O ~3 O
BREIZANVIVERIND

Nﬁ~:1@€hhu¢a~rc:c>huc:v-v-ru
NMM\?*OQNQ



10000

N-AHO NI ALIAILSIS3H

-
N
V2]
o
2
-
2 .
g i
|
i i
-4 1
= i
1
: i
(& ] 1
] . . A 18
S i v
!
l !
(=]
Wi _ . ———rmem e e e Jo
~N <«
a
b
a
0
(o} ¢
|
o il
0000k 000k 00

oL

10000

MINERAL HOT SPRINGS 21

1000

e ————

100

10
ELECTRODE SPACING CAB/2) IN METERS

86-8-0 FIELD CURVE

g

000) oo
N-AHO NI ALIA11SIS3H

-
112

43

ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

)

DEPTH, m ¢ ft

)

ft

DEPTH, m (

AB/2, m ( ft

ft

AB/2, m (

RRATRIRZL8

N83829:A%8

RefigaRen

NI PN IS

SRTAARRIRES

..........
039“~3§k

8385528582
wenendesgs

oooooooooo

PMIAQNN NRO

28828R2838R8R38R

RAATRIRINRIRNG

993..333333999.
S o233
3\ETEIERCRES

838&8&3 8~8°38

838332828388888

oooooooooooooo

ngoaoon33~anss

88883582382588

SiRRdeegETEs

b o 4

EN2EPRATSIGEI

Mo g NavEsR



s e ges g em dus
22761 mmno—oc ss-eeel ww”m~m 09°98 ££°92
ch aid g one el
-0 boosel ) ¥ u%am 00°98L %2 €59
i 00 £9, 65°09¢ 19°81 49°S
g5 EEgE bE &y o
-1} mm. 4 ‘s8 60° %8S 68°S 6L
*SIS ( 33 )w’'jidaa  °sisay ( 33 )w *Hid3q
SH313W NI Hid3a 40 (2/8V) 9NIDVdS 300410313
00001 0001 0oL [1]% [N
=)
!
!
! -
w g
i
! !
[ i
! !
i i !
[ i i
i i i N
el e e Lo —— O, 48
i i i 8
! ! !
[ [ [
i i [
i i |
i i i
i i i
! ! ! .
] 1 [} m
€2 SONIHdS LOH IVHININ '0IWWO —— (@3Zi1119igo0 0 08

N-HHO NI ALIAI1SIS3H

00766 (00°00091) 08°9.8Y 00°0€1L (00°00%7 ) 267121
00°95 Moa.ooom_v 09259 007691 (00 00§ w 99°16
00°9% 00°0008 ) 0% 8§£%¢ 00° 851 (00°002 ) 96:09
05°2¢ (00°0009 ) 08°8281 00°991 (00°0%L ) 29°2%
00°G€ (00°000% ) 02:6L¢i 00°LJ1 (00°00L ) 8%:0%
00°5Y (00°000¢ ) 0%:916 00:051 (00707 ) £9:2¢%
00°2% €00°000E ) 09916 00766¢ (00°00L ) 8%:0¢
00°6Y (00°0002 ) 09°409 00°0SL (00°08 8¢ %2
05°29 €00°009t ) 22°92% 007251 (00:09 6281
00°06 (00°000L ) 08 90§ 00°802 (00°0% 6121
00°2S (00°00%L ) 22°92% 007062 (00°0f 916
00°2Z (00°000L ) 08 70§ 00°08¢ (00°02 ) 0L°9
00°06 (00:008 ) ¥8:€%2 00°06% (00°9L ) l2:%
00°501 €00°009 ) 88°281 00°29€ (000l ) S0°€
*say "ddy (33 ) w ‘2/8v *say ‘ddy (34 ) w ‘z/av
SH313N NI (2/8v) 9NIDVES 3004103713
00ooL 000L 0oL oL v
o

i

! o)

t m

] w

]

i 9

i <

_ —

i =

!

; —

i L i =

! _ ! Q

] ] ]

w i i ;

i | _ z

t | |

t i |

t i i

! i i

1 i |

cc SONIHdS L1OH TTVHIANIN

@313 e

Y
Q
o
o
o

44



MINERAL HOT SPRINGS 23

0 o oDIGITIZED —— CALC.

o
[=}
[=}
[=}
<

MINERAL HOT SPRINGS 23

S0 FIELD CURVE

g

S ST 1

!
i
i
100 1000 10000

!
!
1
10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

gooi
N-NHO N

oot
ALIAILSIS3Y

oL

i
i
i
i
" RN PR SRRSO RO

100 1000 10000

ELECTRODE SPACING (AB/2) IN METERS

10

00L

000t
N-AHO NI

004
ALIAI1SIS3YH

oL

45

RESIS.

)

DEPTH, m (  ft

)

ft

DEPTH, m (

App. Res.

ft

AB/2, m (

ft App. Res.

AB/Z, m(

P e e
S T

53829038
ReBigans

PFNQU\

33IDACABAT

[ [Tal
oﬁgg FARND A
o

AMMSAW
SIBTN2BIB=

s o s 9 s 8 5 s 5 .

NN O
OERNIRBLR
-

N N Pt Nl N NP P

MIE- DM MU T
g’OQQMNONQN

PMI{\QNNOQ’O

VROLTOITOO0O0
PP'—FNMQ\YOnNO

VWVWVVWVVVV

B12NEVBIRRBIIS

NM\?OQOQ@OO&DNO
O O NONO v M
ONNQQ’OQ

3 . v .
OIOO00O000
=N OVNOOFO00

o= (ML

Nt N\t P P Nt N P Nt N P
BRSBTS

m*‘o N” QONQ
o ﬁmm oo&



100 1000 10000

10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

0 0 0DIGITIZED —— CALC. MINERAL HOT SPRINGS 24C

(=]
(=]
o
(=]
b=

oool oo o
N-FHO NI ALIA11SIS3d

1000 10000

MINERAL HOT SPRINGS 24C
ELECTRODE SPACING (AB/2) IN METERS

100

10

8 69— FIELD CURVE

4
ooL oaaL ool t]%
WN-NHO NI ALIAI1SIS3d

46

)

RESIS. DEPTH, m ( ft

)

ft

DEPTH, m (

) App. Res,

ft

AB/Z, m(

) App. Res.

ft

AB/Z. m(

“88"&3”&8

-—Om
SmNQ Ng
e

~°—écepvv

3 “‘ = Cf

Y

$3SRSRA

[7al78} .OPO

e

%—meSQS

PN ORI 1A
e ~R°:o

NP P PP
S2NRECR38

PMQQOQFN
tada 2]

gRRS88S82

0

0

0
988 .00)

85

053

000

000

000

=3
(=
(=]
WP NI S NN N

OONQONTMINOOOO
%ngrmo NF&PNQ Q
e e s .

gL sesinn o ngy
Nnneoo«\lme cho

jolelelelelel=le]
OQQOOOOO

N S8R RRN

- —

PN
O OOQQQOOQOO
g
QQOOQ OOOQOOOO
—e=NM & OQCOQO
=~ ONMTO
W o NP N Pt N Nl Nt S
Lt Loe
ERO2ORRITELINE
2

'ﬁ\?ODNQ\,OON -0



80 0 oDIGITIZED —— CALC. MINERAL HOT SPRINGS 25C

MINERAL HOT SPRINGS 25C

S 66— FIELD CURVE

ol l
004 0001 ool oL

i
i
i
i
i
i
i
i
i
i
i
i
1000 10000

ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

!
!
i
i
i
i
i
i
i
1
!
!
!
i
i
i
A
!
i
i
i
i
i
i
i
i
100

!
!
!
!
!
!
!
!
!
e e
!
!
i
—._.—.-._-—.—._.—.4...—-—._.—._.--._.
!
i
i
i
i
i
i
i
i
10

N-AHO NI ALIAI1SIS3Y

1000 10000
ELECTRODE SPACING (AB/2} IN METERS

100

10

1
0oL 000L 004 ol
N-AHO NI ALIAILSIS3Y

47

)

oevrn, m(

RESIS.

)

ft

DEPTH, m ¢

) App. Res,

ft ) App. Res. AB/Z,m( ft

AB/2, m (

Y2 R28e2

gadsgrand

mggm%og
§3§”3§§
RYBRASRE

s s 3 8 o 8 &

*33aaz:§§

PO DN OO O
== NMO =N
ORI
WANONONON
N EMO M
Lol N 4

o~
MW

NN
Somogany

Al e e d

Son8RI=2

u—N\YOOmO Q

NN"PPPPF’

PNPNANANPNANINANN
[=l={=lal=le]el=lel=]=]
OOO QOQOO 0.0Q

OQOOO OO

838888 ERES

Nt e N el N Nt Nt b Nt
353I3ININER

N NO
°‘v-;‘9§ OB

A S ]
6ccdc%gocoo
—e= (NS QOO

—reN

" APt P N
lﬂf\O 2 OON0 Qﬂhg

O e—-—u—

MQ’O ONOsf QGN%



...._._._._...._.....',....._.-.-._.-........4..........._.........._.-

-

1 1
100 1000 10000

1
10
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

20 0 oDIGITIZED —— CALC. MINERAL HOT SPRINGS 26C

00b 0001 ool

N-FHO NI ALIA11SIS3d

(11%

MINERAL HOT SPRINGS 26C

1

i
1000 10000

1
100
ELECTRODE SPACING CAB/2) IN METERS

1
10

S 6—6—© FIELD CURVE

00l
ALIAI1S1S3d

0oL ooot

N-+HO NI

oL

48

)

RESIS. OEPTH, m ( ft

)

ft

DEPTH, m (

) App. Res.

ft

ABIZ, m(

) App. Res.

ft

AB/2, m (

23332823

PRS2

,,~§&§.§§

gaisacad

SRSRRIzR

BN
T 0N NGO OO A
-0

O N N NN N PN NN
[oi=d=el{=l=lelel=Tw]l]
OOOQOQOQOOO
800 OOOQO
00000000 OM
NN OQQO
Msf
Nt S N Nt Nt Nt il ot Nt N
stN OONO
083”&&1&(\“{

3353’38838%3
- =0 OO

OOOOOOQOOQO
QOOODOQOODO

SRR

NP N A NI T

ON-—--— 3”0“0
Il

n«oomn«owoc\a
NS



MINERAL HOT SPRINGS 27

80 o oDIGITIZED —— CALC.

MINERAL HOT SPRINGS 27

8 6-6—© FIELD CURVE

S P PEp N

0oL

000k
N-AHO NI

0oL
ALIALLSIS3Y

o

T R Tin et i et it Dt e T e R PR

001

0004
N-NHO NI

004
ALIAILSIS3Y

1]

49

1000 10000

100
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

[T SR f = ]

100 1000 10000

ELECTRODE SPACING (AB/2) IN METERS

10

RESIS.

)

RESIS. DEPTH, m ( ft

)

ft

DEPTH, m (

) App. Res.

ft

AB/2, m (

) App. Res,

ft

AB/2, m ¢

OO

=g

g§§m°sk3¢

e o=y

~BAUNO
3358

33553188

regnENeIs
SIS

yyyy

(

oEmS“‘S&kg

noksxéa

33'5?53823
-

Wt P S

RR2m Noogn
"M"'\Qlﬂ'\‘n
Cad V1

[=1=1-1=1=}
SO0 066
S CNSONINSOOOM
o0

NOAINNNNN - = N

~ PN AN
[=3=d=d=d=d=i==d=d=4=d={=0=]
e . . . .

QOQOOQOOOOOOOO
QOO0O0O0O0O0OO0O0000
QOQOQQOOOOOOQQ

M-I 00200
NSNSl PP NIt ol P N S " Nt

38388re3Ra9RaS

Neoss
-—-Nnm OON N¢)
EIEER

OO0 OOO000
SNSNSSSS88558
O NOOMINO M ON

PANPNPNPNPNPNINPNIN PN
[=dmg=d=d=lel=l=lollod=1~]
OOOQGOQOOQOOO

Ssgssesessses
Nl Nl N Nl N ) Nt ! N i N
ENSICRRESLEY

M\?OO‘N@*ONQNO"
—ONMIM OO



CALC. MINERAL HOT SPRINGS 28

80 o oDIGITIZED

MINERAL HOT SPRINGS 28

S 6—e—© FIELD CURVE

1000 10000

100
ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

ol

1000 10000
IN METERS

100

10
ELECTRODE SPACING (AB/2)

s e

!

!

!

!

!

!

!

!
-camcmmcamcancanean s mr o !— .........

!

H

!

!

H

!

!

i

i 1
00i 000l 004

N-AHO NI ALIAI1S1S3YH

r

!

i

I

i

i

i

i

i

-

t

i

i

|

i

i

i

i .

i 1
001 0001 004

N-WH0 NI ALIATI1SIS3Y

ol

50

RESIS.

)

RESIS. DEPTH, m( ft

)

ft

DEPTH, m (

) App. Res.

ft ) App. Res. AB/2, m ¢ ft

AB/2, m (

SREELZN
2 S )
- ~N

8’&3&8

Bo3REgE!

Q8TE2ES

NQQ w
--—

(W‘i

yy;v,.oo

SRETYSR

Q-NQ Il\wNﬂ

000 8000905&
ODO 0000000
. 8 .

=) T OG—QM
PPPFFPP

PANPNANANA AN
[=l=d=]wlolalalelelel=1
QQOOOO OOOO
OQOOOD QOOO
000QO00O00000
NI ONVOTOIT00

—e=rec= M)
Nt Nl S S N Nt N Nt

INBIINIVSS

donggssates

[=i=l~Talelelelelelel~]
U'COO OQO DDOO

REEHSITEss

OOOOOOQQOQO
ODOOOOOOOOO

-—18'03388"«:.,

N d PN NP PPt
WNINO CON-CON

.o e 0 o 8 o b
MO OO ONON
= NMTMS



00°624 (00°000% ) 02°6121 00°¢22 (00°09L ) 29°2
00°802 (00°000¢ ) 0%°9L6 00°882 Mcc.oo— 8%°0
00°612 €00°0002 ) 09°609 00°092 00091 ) /9°2
¥8°691 00°66666) 00°66666 £9°0EE (£2°06 ) 05°22 00°5i¢ €00°00%% ) 22°92% 00°89¢ (00°00L ) 8%°0
88°85 ..m i *£09 69:92¢ 29°19 92°81 00° %02 M8.82 ) 08°90€ 00:95¢ MS.S 8€" Y
-6 : 0°522 a.mmm 88" LY 221 00°002 00°000L ) 08°%0§ 00°8¢¢ 00°09 62°8
9 .w .w- .:" £8°8Y €5 g2 o».a 00°S61 (00°008 ) ¥8°§£%¢ 00°002 MS.S 6l°2
12 8Ly .- 90°881 Y9°61 £€6°S 00°06¢ (00°009 ) 88°¢81 00°281 00°0¢ 9.°6
12°991 J. 82 ) L6 02: 8L .anm_ 909 00502 €00°'009 ) 26°i2l 00°002 €00°02 ) OL°9
86°991 09°%t ) S2°6 98°202 20° €22 00°812 €00:008 ) 79716 00706} MoR.: Y 12y
96°5¢2 wegl ) 2607 16°961 si°9 28°1 00°25¢2 €00°002 ) 96°09 00" 591 000t ) S0°€
‘SIS ( b¥Y ) W ‘Hidaa SIS ( b ¥} ) W ‘Hidig *say ‘ddy  ( 1Y) ) w ‘2/8Y *say ‘ddy ( 3 u
SHILIN NI H1d30 40 (2/8v) ONIJVdS 300819373 SH31IN NI (278D ONIDVdS 3004103713
0000L 000L 0oL oL N 0000L 0c0L 00L oL L
o T T T o
i i i
] ] 1
i i i
i i i
i i i
i i i
i i i
-1 [ i i N
OoOmMm 029292929090 et - - llllllllllllllllll ~I ................. o - o
S& i ; i S
m.“ i i i
[)
i i < i ! i
i i . = i i [
i i i = _ i i
] i i i i i
! I ! aZ ! ! _ -
....... R O 5SS WO = Z Qg Sy ¥ SOt =
i 1 i o Q 1 1 | =3
i i i Z m _ i
i i i i i i
i i i = _ i i
i i I i i i
i i i i ! !
i i I i ! i
i i i N i | i N
i i i [=] i i i g
62 SONIHAS 10H VHININ '0WD —— @3zZiLIvigo o o8 62 SONIHAS LOH IVHINIW JAHND QHI4d 6693

ALIAILSIS3Y %‘ NEIIVIY
51

WN-HO NI



MINERAL HOT SPRINGS 30

S0 0 oDIGITIZED —— CALC.

MINERAL HOT SPRINGS 30

S e—-e-© FIELD CURVE

10000

1000

!
!
!
!
'
i
!
'
i
100

ELECTRODE SPACING (AB/2) OR DEPTH IN METERS

]
!
I_...._.-.-._._.-.-".._.-._....-,-...._...i.-.
!
!
!
!
!
!
!
1
i
10

0oL

0004 oL i
N-AHO NI ALIAIL1SIS3Y

i
i
|
I
i
|
i
i
i
[}
|
1
1
i
!
!
!
!
!
!
!
!
]
1

1000

ELECTRODE SPACING (AB/2) IN METERS
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DC Power source

Chart Recorder
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current electrodes;

A and B,

M and N, potential electrodes. Arrows show direction of expansion.

Schlumberger electrode array.

Figure 1.
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