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ABSTRACT

An electrical resistivity survey in the Colado geothermal area, Pershing
County, Nevéda has defined areas of low resistivity on each of five lines
surveyed. Some of these areas appear to be fault controlled. Thermal fluids
encountered in several drill holes support the assumption that the hot fluids
méy be associated with areas of low resistivity;_ The evidence of faulting as
interpreted from modeling of the observed resistivity data is therefore.
particularly significant since these structures may be the conduits for the

thermal fluids.

Sub-alluvial fault zones are interpreted to occur between stations 0-5 Nd

~on Line D and on Line A between stations 4 NW and 4 SE. Fault zones are also

interpreted on Line C near stations 1 NW, 1 SE, and 3 SE, and on Line E
between stations 2-4 NW and near 1 SE. No faulting is evident under the

alluvial cover on the southwest end of Line'B.

A deep conductiVe zone is noted within the mountain range on two
resistivity lines. There is no’definite indication that thermal fluids are

associated with this resistivity feature.



INTRODUCTION

The Colado geothermal area is located in Pershing County approximately 7
miles northeast of Lovelock, Nevada (Figure 1). The main area df geothermal
exploration is along the west flank of the West Humboldt Range, lying between
the railroad sidings of Kodak and Woolsey (Plate I), a distance about 4.5

miles.

The Earth Science Laboratory Division, University of Utah Research
Institute (ESL/UURI) Undertook an electrical resistivity survey in Apri1} 1980

to characterize the electrical resistivity distribution of the resource area

' in support of the Getty 0il Compahy geothermal exploration effort. Their

interest in the geothermal potential of the area was stimulated when, while
drilling on mining claims nearby, they encountered a 1ight flow of steam and

thermal waters (Wayne Shaw, personal communication).

An earlier geophysical survey designed specifically for the evaluation of

the geothermal potentfal in the Colado area wasvpérformed'in 1977 for Getty

0i1 Company by Electrodyne Surveys of Sparks, Nevada. Numerous techniques
(AMT-MT, TDEM, Telluric, Electrical Resistivity, Gravity and Ground Magnetic)

were applied with mixed results.

A‘comparisoh of thisvd1pole-dipolexresistivity survey with the
Electrodyne resistivity surveys shows the two data sets to be incompatible.
The dipole-dipole data are more definitive in delinating not only areas of low
apparent resistivity"but‘structura11y controlled areas as well. The data sets
from the survey by Electrodyne aré'not supportive of each other; technique
application and processing errors are involved, and Electrodyne'notes dis-

crepancies in their report.
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GENERAL GEOLOGY

The Colado geothermal area is indicated by hot water wells in alluvium
along the west flank of the West Humboldt Range. Shallow thermal gradient
holes less than 500 feet deep have encountered thermal fluids upwards of

113.50C at a depth of 250 feet.

To gain a better understanding of the geothermal environment, Sibbett
(1980) recently mapped the geology of the West Humboldt Range (Plate I)
adjacent to the geothermal area. The following is taken from the abstract of

his report.

The West Humboldt Range consists mainly of Triassic to Jurassic.slaty
shale to quartzite of tne Auld Lang Syne Group. Carbonate rocks of the
Lovelock Formation have been thrust over the pelitic rock on the south end of
the area. Erosional femnants of‘Tertiary‘tuffs and sediments overlay the

metasediments in the range.

Several thrust faults are exposed south of Coal Canyon and a structural
break in the Mesozoic rocks exists under Coal Canyon. Several low-angle
faults occur to the north but their effect, if any, on the géothermal

occurrence is not known.

- The princfpal‘structures are high-angle faults striking north-northwest,
northeast and north-south. The horst-to-graben transition along thé range

front consists of several step faults following an irregular south-to-north



trend. The structural pattern noted along the west edge of the raﬁge probably
continues to the west under the Quaternary alluvium. The thermal waters are
thought to rise along a major fault or fault system to the base of the

alluvium.

A more detailed geologic description of the Colado geothermal area can be

found in Sibbett's (1980) report.
ELECTRICAL RESISTIVITY SURVEY

Survey Procedure

The field survey was conducted by JCW, Inc. of Salt Lake City, Utah
during the period Apri1_30 td May 6, 1980. The equipment used in;luded a
Scintrex Model IPC-7 15 Kw square-wave tfansmitter utilizing time-domain mode
current generation. The potential field was measured with a Scintrex Model
IPR-10 digital time-domain receiver. Whén electrical noise was severe, a
Scintrex Model IPR-8A receiver was used in conjunction with a Hewlett Packard
71558 strip chart recorder. Transmitting e]éctrodes were buried aluminum foil
and/or steel stakes dfiven into the ground.' The potential differences were

recorded at the surface using porcelain porous pot electrodes.

The survey (Platé I) cohsistéd of four 1000-foot dipole-dipole 7-spreads
(7 transmitting elecfrodes) treqding'generally NS50W, These are normal to .
existing culfure (railroad tracks, water'iines, power lines, etc.) and mapped
faults. An effort was also made to'keep trénsmitting electrodes at least 500

feet from the cultural features.

A fifth line wés oriénted'N27°E and crossed a bulgé in the mountain range’



opposite drill holes having higher recorded temperatures. This line used
200U-foot dipoles to explore for a potential geothermal reservoir at greater

depth within bedrock.
, L
Data.were acquired at n-spacings 1 through 6 on all lines whenever
possible. Voltayes were recorded over several transmitted cycles at each
receiver site. These were averaged together before the computation of
- apparent resistivities. A few data points are oniously in error in spite of
reasonable field precautions. High noise levels in the electrical signal may

be the cause. The field data are thought, however, to be accurate to at least

10% exclusive of these questionable points.



Survey Results

Plate I shows the location of the resistivity lines, superimposed on a
geologic/topagraphic base map of the Colado area. The observed data are shown
on Figures 2 through 6 with the interprefed resistivity distribution derived
from modeling the field data. A two-dimensional IP-Resistivity program
developed at the Earth Science Laboratory (Killpack, 1979) was used in the
‘nuinerical inodeling. While the computed models give a good fit to the observed
data, they are non-unique. The resistivity sections on Figures 2 through 6
are from numerical models chosen as best fits to the observed apparent
resistivity field data. Appendix Figures Al through A5 show calculated

resistivities based on these same models for comparison purposes.

Line D

This line (Figure 2) is at the northernmost end of the geothermal area
and extends west from the range front. ft was located for c]ose‘proximity to
drill holes 14-22, 13;26, and IGH-1; these holes have the highest recorded
temperatures, to date, within the geothermal area. The observed data show a
major resistivity discontinuity, interpréted as a fault, near station 3 NW. A
conductive zone (<1U ohm-meters) aTso lies atvdEpth beneath this station. A
major change in t0pography south of station 1 SE introduces topographic

effects in the field data.

Mode]ing‘results'show that sharp contrééts (greéter than a factor of 2)
in resistivity occur between stations 4-5 NW, 3-4 NW, 2-3 NW, and 0-1 NW.
These resistivity discontinuities are interpretéd as faults. Only the

discontinuity near station 0 corresponds to mapped structures.
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Northwest of station 3 Nw'is a surface layer about 150 feet thick having
a resistivity of 10 ohm-meters. Beneath this lies a much thicker (1500 feet)
and slightly more resistive (2% ohm-meter) layer. This in turn is underlain
by very conductive material (5 bhm-meter) which extends downward to the limit

of detectability.

Moderately conductive rocks are indicated at depths greater than 2000
feet in the mountain range between stations 0 to 3 SE. Similar rocks, with a
resistivity of about 25 ohm-meters, are within approximately 250 feet of the

surface between stations 5 and 6 SE.

Line A

Line A (Figure 3) was located south of, but still near, drill holes 14-22
and 15-21 so that the transmitting electrodes would cover the inferred hot
zone which trends southwest from DH 14-22. The observed field data show
conductive zones averaging 5-6 ohm-meters at moderate depth overlain by
resistive near-surface material at both ends of the line. The central part of
the line shows the conductive zone nearer the surface with the resistive zone

beneath and extending to depth.

Modeling results show a thin (100 foot) surface layer with a resistivity
of 10 ohm-meters extending between;stations‘1 SE and 2 NW. ‘At 2 NW it ‘
apparehtIy thickens abeptly to the northwest. Directly. beneath this layer
between stations:l’SE}and i NW is a zone of 4 ohm-meter material with a
variable thickness up to about 1000 féet,“Between stations 1-2 NN this 4
ohm-meter material extends ddwn d narrow zone to a depth of approximately 1500

feet where it then continues to the northwest. Similar resistivities occur on
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the southeast end, coming to within approximately 600 feet of the surface
between stafions 3-4.SE. A more resistive material (15-35 ohm-meter) occurs
near surface between stations 1 and 3 SE. A 15 ohm-meter body also extends to
depth beneath and adjacent to the 4 ohm-meter zone noted on the northwest end

of the line.

‘Because the projected trend of high temperatures between drill holes

14-22 and 1U-34 crosses Line A near station 0, it could be inferred that the

conductive (4 ohim-imeter) near-surface layer is indicative of shallow thermal
fluids. Lending support to this interpretation is the shallow hot water
aquifer shown on a log of drill hole IGH-1 (Getty 0il Co., personal letter).

The conduit for these fluids appears to lie between stations 1-2 NW.

Line C

This line (ngure 4) extends nortﬁwest from Coal Canyon and passes near
drill holes 8-34, 9-34 and 10-34. The field data show a conductive (< 5
ohm-meter) zone enclosed by slightly more resistive (5-10 ohm-meter) material
at deptﬁ beneath statiens 0-3 SE. DH 9-34 ie located just south of Line C

between stations 0U-1 SE and is centered on the conductive zone.

‘Model results show a conductive; approximately 2 ohm-meter, zone at depth
which is enclosed by 10 ohm-meter material. This conductive zone occurs at a
depth of approximately 1000 feet. The temperature log of DH 9-34 suggests'a
possible heat source nearby. Thus..the 2 ohh-meter zone may indicate the

presence of conductive thermal fluids. No faults are indicated by sharp

- resistivity contrasts in the data however, so the high témperatures noted are

likely due-to a pluming effect of thermal fluids'down the hydraulic gradient

11
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within an aquifer.

Line E

This 1ihe (Figure 5) is the southernmost line of the survey. Station O
lies just norfh of drill hole IGH-2 (formerly DH 3-10). The field data
indicate a resistive surface layer extending approximately from stations'3 NW

to 5 SE and appearing thickest in the station interval 1 to 2 SE. Very

‘conductive material is present at a depth of approximately 2000 feet and

extends the entire length of the line. This conductive material comes closer
to the surface on the northeast end of the line. Faulting is suggested by the

field data between stations 5 and 6 SE and is supported by geologic mapping.

The wodel results show 25 ohm-meter material at the surface between
staiions 1 to 3 SE. This resistive body is overlain by material inore
conductive (10 ohim-meter) both to the northwest and southeast. A conductive
(2.5 ohm—meter) layer occurs at a depth of about 2000 feet and extends both
laterally and downwafd to the Timits of detectabi]ity. The very conductive
zone between stations 5 and 6 SE is interpreted as higher porosity and/or

alteration probably associated with faulting.

Line B

This 1ine (Figure 6) differs from the other lines in that 2000-foot
dipoles are used. The observed resistivify values represent the integrated

effect of a larger vdlume of earth, both horizontally and vertically, while

the spatial resolution of the interpreted section is“on]y half that of the

 1000-foot dipole lines.

13
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This profile trends northeast-southwest, subparallel to the dominant
structure, and is more influenced by lateral (and non-two-dimeneional)
geometry within the earth. . The line passes close tovdri]] holes IGH-2 and
8-34, and between 17224 and 18-24. The range front is encountered at about
station O and the entire northeast end of the line crosses the range.

Topographic effects are.therefore present in the field data on this end of the

line.

The model results show a major resistivity contrast, interpreted as a
fault, between stétions 0 and 1 Sw,v This appears to be. the range front fault
that sepdrates tne.condnctive:valley fill wfthfnesistivities of 5-10
onm-meters from the rocks of the range which have resistivitjes upwards of
200-300 ohm-meters. The valley fi]i isvvéry unifdrm in resistivity with no
anomalous contrasts lndlcatlve of buried fault1ng. The data of this
resistivity line do not" suggest the presence of a fault extend1ng NW out of

Coal Canyon into the valley. o

Several resistivity.contraets, interpreted as faulté, are noted on the
northeast end of the line. Near-surface rocks in this area have
resistivities averaging about'ZOO Ohm-meters for the most part. The presence
of falrly conductlve (25 ohm-meters) areas in the mountaln range is of
1nterest.v The area at depth between stat1ons 0-2 NE is coincident with the
conduct1ve area noted at depth on L1ne D between stations 1 to 3 SE; the
51gn1f1cance of this conduct1ve area is not presently known. The 25
ohm-meter body between stat1ons 4 5 NE may be due in part to lateral effects

of alluv1um c]ose to the l1ne.

16



DISCUSSION

Plate II is an overlay to Plate I and shows the electrical resistivity
distribution at the depth of approximately 1000 feet for each of the five
lineg. This plate shows the sharp'resistiVity contrasts and their locations
- from which the faulting is inferred. The data source for Plate II is the
computed models shown as Figures Al through A5. There is good correlation
with mapped structures within the mountain range. The detection of
suballuvial faults away from the mountain froqt is of particular importance,
for, while these faults may have been‘suspected. their approximate location
was not known. Although shown as separate faults, several could be part of a
single fault zone and it must be understood that the 1ocations of these faults
as shown on Plate II are to be consfdered as close approximations only. They
are necessarily subject to the sensitivity of the dipole spacing used as well

as the non-uniqueness of the computer modeling technique.

Plate III is an overlay to Plates I and II. It shows an interpreted
schematic of the hydrothermal-reservbir'based upon resistivity contrasts.
Areas interpreted to contaih}gravels saturated with thermal waters as well as

“areas containing the conduits for these waters have been denoted.

17
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