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ABSTRACT
Lithologic and structural patterns in the
Beowawe KGRA as inferred from resistivity and
shallow seismic reflection data are consistent

with mapped geclagic units and structures and with
the Togs of two deep geothermal test holes, The
spectacuylar surface phenomena at The Geysers mark
an ared where sayeral fault patterns intersect.
tast-northeast and northwest normal faults gontrol
hot spring distribution and structural blocks in a
thick sequence of basaltic andesite flows overly-
ing mingr tuffs and the Ordovician Yalmy Forma-

tion. A similar structural complexity occurs in
Horse Heaven, 4 mi (6.4 km) southwest of The
Geysers.

INTRODUCTION

The Beocwawe gqeothermal system has been the
subject of intermittent exploration activity since
1959, Explorationists have focused their efforts
Targely on the area within and immediately adja-
cent to the sinter apron and have drilled fifteen
wells on the prospect ({Garside and Schilling,
1979}. Inmitial exploration encountered z reser-
voir of 2000C fluid at depths Tess tham 100 feet
{300 m) below the terrace {Desterling, 1962).
Chevron Resources Co., however, has recently
drilled two deep wells 1.0 mi (l.6 km} southwest
of The Geysers. Their wells and geophysical data
have expanded the area of exploration interest at
the Beowawe KNRA.
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Electrical and seismic
data from the SHeowawe KGRA,
complement mapped structuras and geologic units.
GQur numerical modeting of 78 tine-miles (12% km}
af dipole-dipole resistivity data permits extra-
palation of known geologic features and strenqth-
ens madals of unexposed structure, A shallow
active seismic survey orovides additional support.
Chevron Resources (o, submitted the raw geogphysi-
czl data as part of the %eprartment of Efnergy,
Division of Geothermal Energy's Industry Coupled
Program. Our wark, funded by contract no. DE-
ACN7-78ET-28392, will contribute to models being
developed by Earth Science Laboratory (ESL) in a
detailed case study of the Recwawe KNARA area.

Reowawe

The surface expression of the
km. )

geothermal systam is 3 0,75 sq. mi. (2 sq.
sinter apron with two clusters of hot springs,
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fumaroles, and weakly acttve geysers ({Fig. 1}.
Recent hot spring activity along a mapped fault
bounding the Malpais Rim has produced & narrow,
0.5 mi. {.8 km} long sinter terrace. Present
natural geyser activity is weak due to the recent
uncapping of wells on the terrace which e¢ject
water and steam to heights of 30 feet {10 m).
Several hot springs boil at 9500 (Rinehart, 1968).
Various chemical qeothermometers indicgte reser-
vair temperatures vranging from 200°C to 2507C
(Muffler, 1978).

GEOLOGRY

The Malpais Rim {s one of saveral east-north-
east striking cuestas in north central Nevada
(Fig. 1). A steeply inclined scarp slope faces
narthwest towards Whirlwind Yalley. The generaé
inclination of the Malpais dip slope is 5° to 10
southeast.

Mormal faulting on a northwest trend predates
the growth of the Malpais scarp. An early- to
mid-Miocene trough {Zoback, 1979) developed to the
southwest of the Whirlwind-Crescent boundary fault

Zone, Fig, 1. During this period, tuffaceous
sediments, tuffs, and hornblende andesite flows
filled and overflowed the trough, covering the
quartzites, cherts, and siltstones of the

Ordoyigian VYalmy Formation. Guttings from the
Chevron test holes {Fig. 2), indicate that these
Migcene rocks accumulated to a thickness of 500
feet {150 m) within the trough, whereas a maximum
of 100 feet of the unit appears in poor exposures
on the Malpais scarp slope to the northeast of the
Whirtwind-Crescent boundary fault zone, Late
Miocene to Pliocene basaltic andesite and basatt
flows subsequently filled the developing trough
and produced a 4000 foot- {1,200 m-) thick section
of wvoicanigs in the vicimity of The Seysers and
the Chevron test holes. A drastically thinned 200
to 5N feot (50 to 14N m} section af volcanics
extends east of the boundary fault zone, The
volcanics qradually taper in thickness fram The
Neysers toward the sguthwest end of Horse Heaven,

zone developed after the

The Malpais fault
andesites; the normal

eruption of the basaltic
faults controlling the scarp vary in strike from
gast-northeast to narth-saunth, The orientations
of these faults accomodate two flexures in the
overall eatt-northeast trend of the Malpais Rim.
Thi reysers occur at ore of these flexures, A set
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of steeply dipping east-northeast trending faults
controlling the Malpais Rim scarp sTope apparently
carry hot fluid to the surface. Northwest and
west-northwest trending vertical faults may Yimit
the northarn and southern extent of modern surfi-
cial thermal activity. At the southwest end of
the terrace, the Malpais scarp curves to the
south-west; however, elements of the
east-northeast fault set appear to continue
westward into the wvalley, creatfng a subtle
horst-like structure.

North-south trending faults at the east end
of Horsg Heaven also deflect the Malpais Rim from
its gereral northeasterly trend. The structural
complexity there offers potential for upward
migration of thermal fluids, although no surficial
thermal features exist.

Bplift along the Malpais scarp east of the
Whirlwind-Crescent fault zone exposes the Valmy™
and a3 swarm of chalcedony-carbonate veins. fAroad
areas of siligification, argiliization, and
brecciation overlap the Valmy formation and the
basaltic andesites, Apparently, the faults
contralling the Malpais scarp also served as
condyits for hydrothermat fluids earlier in the

evolution of the scarp.
= *f\‘&
1 7

Cat

}\,:_iii)a,j 5 T

/

T,«:’

FIQURE 2
Lithology Summary of
Chevron Test Holes
ROSSI +21-19 GINN f1-g3

&

1000 [
T q {Bascmc andesite, bosafr,}

20007

v SV and interflow atluvial andg
30001+ , 7 tuff units
e - 8 uffaceous sediments,
FOOC LIS tuffs, ond harnblends
5000 7700 |endesite
\ Vaimy quartzite, chert
and siitstone with abun-
dant diabdse dikas {7}
in Ginn
' togged by EMS)
RESISTIVITY

Figure 3 is a map of the WhirTwind Valley
area showing the interpreted intrinsic resistivi-
ties for the first 400 feet {120 m) below the
surface. [t also shows major faults inferred from
our detailed two-dimensional numerical models of
the ten dipole-dipale pseudosections provided by
Chevron Resources Co. (Chevron, 1479},
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FIGURE 1
GENERALIZED GEOLOGY
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Two  anomalous conductive . zones hive  been
delineated: one is coincident with The feysers,
the other crosses Horse Heaven. Both zones are
structurally complex. The {nferred faylts strike
approximately east-west and define a horst, They
have as much as 1000 feet ({300 m) of throw but
have been rmelther ifdentified in the Shoshone Range
nor traced across the conductfve zone that crosses
Horse Heaven.

The distributfon of near-surface resistivia
ties generally mimics the mapped pattern of
outcrops. The weathered hasaltic andesite of the
Malpais Rim and the Shoshone Range has 50-65 ohm-m
resistivities. Higher resistivities (75-150
ghm-m) occur within the Whirlwind Valley where a
veneer of altuvium covers the volcanics. The
conductive zone below the Malpais Rim is less than
400 feet (120 m) thick and spreads from Tha
Geysers to the northeast, down the hydraylic
gradient within the vallay fill. The resistivity
data suggest that upwelling hot water is restrict-
ed to a small area immediately adjacent to The
Geysers. The anomaly that crosses Horse Heaven
may indicate the location of a separate, buried
hydrothermal rescurce or, alternatively, be the
response to a carbonaceaus or pyrite-bearing
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sequence of the Valmy Formation. East of The
feysers, a small area with very high (300 ohm-m)
resfstivity (Fig. 3) cofncides with exposuras of
brecefated, highly silicified valmy siltstones and
quartzites (Fig. 1}.

Figure 5 1{s aur interpreted cross-sectisn
along W¥-2, the dipocle-dipoie line that passes
nearest the deep Chevron wells. Figure 2, the
lithologic logs for these wells, provides control
for the interpretation of the resistivity section.
Five distinct electrical units zppear in Figure 5;
Table 1 summarizes these units and their Titholo-
gi¢c correlations,

SEISMIC REFLECTINN

Nur interpretation of weight-drop seismic
reflection data provided by Chevron delineates
several faylts ip a nine square mile (15 sg. km.)
arda southwest of The Geysers {Fig. 4}, The trend
of inferred shallow faults in the Whirlwind Yalley
is predominantly east-west. Near the sauthwest
end of the valley, the seismic data reveal a
flexure in the fault pattern; some of the faults
trend northeast-sputhwest and may connect with
mapped faults in Horse Heaven {Fig, 1}, Directly
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west of a low hill in the valley below the Malpais
Rim is an area that is remarkably free of faulta
ing. This area is an east-west uplift refative to
the Whirlwind Yalley to the north and the base of
the Malpais Rim scarp to the south,
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FIGURE 4 FAULTS INFERRED FROM SEISMIC REFLECTION SURVEY

—— Seismlic Reflaction Survey

CONCLUSIONS

The electrical wunits inferred from the
rasistivity data correspand in arsa and thickness

to  lithologies mapped on the surface and
ancountered in the deep test wells, A shallow
conductive zone appears at The Geysers, an area

where magped fault zones intersect and the Maipais
scarp  flexes, Geolonic evidence suggests that
past-wast trending faults extend west of The
Geysers and form a subtle horst-Tike structure.

TABLE 1 - ELECTRICAL UNITS AND CORRELATIVE LITHOLOARIES

This structure is apparent in both the resistivity
and sefsmic data but has not been Lraced into the
Shoshone Range, The seismic data suggest that the
burfed structure bends to the southwest near Horse
Heaven and may connect with north-scuth trending
structures apparent in geclogical and electricai
data from Yorse Heaven.
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Electrical Interpreted I[ntrinsic Location and Corretative Lithology
Unit Resistivity (ohm-m}
e avarage range e
1 50 35-200 Weathared hasaltic gndesite of Malpais %im and Shoshone Range (Thal.
? 109 50-250 Basalts and Tha within Whirlwind Yalley and Horse Heaven.
k! 30 20-40 Ordovician Valmy Fa (9v); urderlies gnits 1 and 2.
4 n 5-1% Hot wdter and hydrothermally altered Tha and v,
§ 11 5-15 Possible hot water gr carbonacesus gr sulfide-rich sequence within
fov).
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