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NOTICE

This reportjwas prepared‘to document work sponsored by the United States
Government. Neither the United States nor its agent,_the United States
Department of_Energy, nor any Federal employees, ndr any qf their contractors,
subcontractors or their employees, makes any warranty, expres§ or 1mp11ed,'or
assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of ény information, apparatus, product or'process disclosed, or

represents that its use would not infringe privately owned rights.
NOTICE

Reference to a company or product name does not imply approval or
recommendation of the product by the Universjty‘of Utah Research Institute or

the U.S. Department of Energy to the exclusion of others that may be suitable.
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ABSTRACT

The Beowawe Geysers hydrothermal system discharges near the base of an

east-west-trending'Basin'and Range fault approximaté]y 50 km east of Battle

“, Mountain, Nevada. The upthrown block south of The Geysers is called the

Malpais. . Exposures 2-3 km east of The Geysers reveal a segment of the eastern
boundéry of a major north-northwest-trending Miocene graben. The Geysers are
located along the margin of the graben near its_intersectionvwith the Basin

and Range fault.

A simple numerical mbde] of previously released bipole-dipole resistivity

data shows the margin of thé.grében'to be anomalously conductive below.the

~ Malpais. The conductive area hés,beén delineated with data from a

ldipb]e-dipole resistivity survey run in April, 1980 for this study. Detailed

numerical models of.these'data define a 1250 m wide bbdy with resistivities
less than 20 ohm-m thét appear to connect The Geysers and the graben boundary.
The minimum depth' to the_conductor is interpreted to be 375 m; its depth

extent is undetermined.

Thefelectrical‘data do not resolve whether the anomé]y be]pw thé'Malpais
imay be thg'produét of a defunct hydrothermal systém or the signature of an
activeAsystem. If thermal gradient data détect an .enhanced heat flow anomaly
in.the same area, the Malpais may be a viab]e geothermal exp]ofétibn target

within the Beowawe KGRA.



L

L
;
. o

INTRODUCTION

The BeowahefGeysers, 50 km eaétiof Battle Mountain, Nevada (Figure 1),
have formed a 2.0 sq km sinter'terrace“a]ong(a short segment of the base of
the'Malpais (Figure 2). Prior to 1979, most geophysfca] exploration for a"
géotherma] resource suitable for electriéﬁpower generation at Beowawe focused

on the Whirlwind Valley north of the Malpais. The southern ends of four

dipole-dipole resistivity lines centered in the Whirlwihd_Va11éy cross the

~ Malpais where they suggest the location of a conductive anomaly (Smith, 1979).

In support -of the geothermal program and to understand better the geometry of

the Malpais anomaly, three additional dipole-dipole lines perpendicular to

"structural trends were run for this study. This report presents numerical
-models of the new data and suggests that the conductive body below the Malpais

-may connect The Geysers to a deep-seated graben-margin fault zone.

This study will be incorporated into a comprehensive case study of the

Beowawe area (Earth Science;Laboratory,‘in preparation).

Geologic Setting

- Figure 2 is a genéra]ized geologiq‘map from Struhsacker'(1980) showing

the structural patterns in the‘Ma]pais. The Geysers discharge along a segment

.of an east;weét:trendihg_Basin and Range fault; this segment is bounded by the
" North aﬁd'$6ﬁth:Cro$s-Fau]ts of Osterling (1962). The major déep-seated

'structure-in‘thé'MaIpais is a north-northwest-trendfng fault set that formed

‘}thefééStern boUndary,of a Miocene grabenyinftially identified by Zoback (1978)

" and named thejDunphy Pass fault zone by Struhsacker (1980). The faults along
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the;margin of the graben juxtapoSé Ordoviaian Vajmy.eugeasync1tna1
meta-sediments on the east and 1200+ m of Miocene pyroxene datite f1owsiand.-~
.thfaceOUS rocks on the west, Si]icified fault breccia and cduntry ratk at
the'interéectiah of the Dunphy Pass fault zone and the east-west fault at the
base of the Ma]pa1s are surrounded by zones of pervasive argillization., These

s1gns of hydrotherma] a]terat1on extend up Wh1te Canyon into the Malpais.
Geophysica] Setting

The ear]iest‘indication af a‘conductiVé anomaly in the Malpais was given
by two bipole-dipole apparent resistivity maps (Wollenberg and othefs, 1975);":‘
Figure 3 is their map for the transmitter located in the Whirlwind Valley. |
The concern that the bipo]e-dipo]e method fails to contribhte usetu]’ |
information can be critically evaluated throUgh comparisons'of these data
and theoretical data from simple models generated by the integral equat1on

numer1ca1 s1mu1ator deve]oped by Hohmann (1975).

A circular area of Tow resistivity.(<30 ohm-m) at The Geysers  is flanked

on the west by a finger of higher resistivity (Y50 ohm-m) that wraps around

- the circu1ar‘1qw (Figure 3). A companion high-resistivity pattern occurs east -

of White Canyon. This combination of a local low surrounded by higher values
can be'prodaéed by a shallow conductive body (Hohmann and Jiracek, 1979) in a

layered, low-over-high resistivity earth model (Zohdy, 1978).

Numerical simulations restricting the conductive body to the area of The

~ Geysers fail to reproduce the Tow values observed on the Malpais on the finger

of Tow resistivities at the mouth of White Canyon in the Whirlwind Valley. To
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simulate all the observed patterns, the conductor must extend southeast of The

Geysers below the Malpais and down White Canyon into the Whirlwind Valley.

“Figure 4 is a plan view of the 3D numerical model used to generate the

theoretical data shown in Figure 5. The conductor has an intrinsic

resistiwity:of‘lo ohm-m and is surrounded by a 60 ohm-m half space.. No

Aéttempt,has been made'to account for the effects of layering or to duplicate

the amplitudes of the bbserved patterns or the effect of the topography of the
Mafpais (Zopack, 1979). A compariéon‘between ngures 3 and 5 reveal that the

theoreticalﬂdqta mimic the observed'pattekns fairly well. The model of Figufe
4ﬁis certainly non-unique but'appears,toAbe an adequate simulation of the |

ahoma]y'detedted by the bipole-dipole experiment.

The bipole-dipole data suggest that -a deep, conductive body associated
with the geothefma] ré;durce at The Geyseré éxtends southeast be}ow the
Mafpais.‘ Eveh though the depth, depth extent, and lateral boundariesvof_the“f
aﬁoma]y are poorly delimited, the method provides a reconnaissance view that
can be used to site more precise and costly explbration methods. As noted by
WOllehberg and others (1975), dipole-dipole resistivity or some other
pfdfi]ihg tecﬁnique is required to obtain a better understanding of the

resistivity distribution below the Malpais.
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DIPOLE-DIPOLE RESISTIVITY
Description of Surveys

Four nbrth-south dipole-dipdle profiles with 2000-foot dipoles cross the
Malpais along sectioniiines (Figure 6). These data were reéorded by McPhar
Geophysics in July(and;NoVember 1974 for Chevron Re50urcés Co. and are part of
the Department of Energy/Division of Geothermal Energy's open-file data
package from Beowawe (Earth Sciencé Laboratory, 1979). Numerical models of
these data were distUssed‘by Smith (1979) who suggests that a conductive (<15
oﬁmfm) body may lie below the Malpais. The data do not extend far enough to

the southbto define the inferred,conductor.

To determiﬁe‘the kesistivity'distribution below the Malpais, three
additionai dipole-dipole profiles were recorded by JCW, Inc. for the Earth
Science Laborato?y.in April, 1980 (Figure 6). The profiles cross the Dunphy
Pass fault zone and are approximately perpehdicu]ér to it. These data are
presented here‘as part of the open-file information sponsored by the

Debartment of Energy/Division of Geothermal Energy.

-Tﬁe current Sour;e for the JCW, Inc;’survey was a Scfntrex Model IPC-7,
15 kw square-ane traﬁémittér that output an average current of 12.0 *0.5 amps
peak. ‘Induced voltage was measured to (0.1 mv with non-polarizing porous
plots, a Scintréx"Model iPﬁ-lO digital time-domain IP receiver, and a Scintrex
Model -IPR-8A recefvér in;conjuhction with a Hewlett Packard Model 71558
strib-chért recorder. Dipole lengths f6r Lines MR 1 and MR 2 are 2000 feet;
for Line MR 3, 1000 feet. - | I

10
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FIGURE 6

. LOCATION OF
DIPOLE-DIPOLE PROFILES
MALPAIS RIM AREA
BEOWAWE KGRA
EUREKA AND LANDER COUNTIES, NEVADA

1000 O 1000 3000 8000 TO00 ft.
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note: Dara recorded by McPhar Geophysics,
July 1974 (lines wv1,2,5,6) and
"JCW Inc, April IS80 (Ines MR1,2,3)




A 2D finite-element algorithm developed by Rijo (1977) and modified by
the Earth Science~Laborétory (Kilipack and Hohmann, 1979) was used to produce
models of the resistivity distribution along the three profiles (Figures
A1-A3). Fiéures 7-9 present the {nterpreted resistivity profiles with the
observed apparent resjstivitiés and Figure 10 presents the 1nterpréted |
kesistivity distribution‘at an elevation of 3000 feet. The results from the
north-south‘profiles modeled by Smith (1979) are less well constrained but aré
iné]uded in Figure 104 Agreement ambng«the models is_generally godd where the
profiles intersect. Where discrepancies occur, greatér weight has been given
to the'east-@est data which are more nearly perpendicular to the Dunphy Pass

fault zone.
Interpretation

The interpreted resistivity sections, Figures 7-9, contain intrinsic.
resistivities that range from 10 to 200 ohin-m. Lateral contrasts in
resistivity are more pfonounced than 1ayering; The scale for Figures 7 and 8

(2000;ft dipoles) is twice that of Figure 9 (1000-ft dipoles).

To avoid disturbing fledgling eagles in their nests,vtine MR 1 was nbt
completed as a straight 1ine>where it crosses-the cliff southwest of The
Geysers. As a result, the westernmost two dipoles produce low reéistivities
(10 and 20 ohm-m, Figure A-l)»that are partly due to their non-linear o
orientation. The Tow fesistivities computed at the west end of Lihe MR 1 are
considered to be unreliable representations of the resistivity distribution of
the Whirlwind Valley ahd_are omitted from the interpreted model, Figure 7.

The mesh geometry fqr all thrée models éttempts to simulate the topograhhy of

12 .
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the Malpais; topographic effects were .found to be as large as 259,

Lfne MR 2 (Figure 8) is the proffle furthest from The Geysers and
presumably the least influenced by the hydrotherma] system. - Its interpreted
resistivity distribution is the ]east comp]ex.‘ Even so, it defines a
deep seated- conduct1ve anomaly west of the mapped location of the Dunphy Pass
fault zone, ThlS body is the sa]1ent feature -common to all three sect1ons and

was detected a]ong Line WV 5 and Line WV 6 (F1gure 10). AThe mode]s suggest

- that .this body has resistivities as'low as 10 ohm-m, a maximum east-west'width_

of 1250 m (4000 ft), and extends to depths of at least 2‘km. Its eastern
boundary is invariably def1ned by large b]ocks w1th res1st1v1t1es greater than
50 ohm m within the Dunphy Pass -fault zone. Contrasts 1n res1st1v1t1es across

its western boundary are generally less pronounced..ﬂi”

The conductor is shown to reach the surface aloné tfne MR 1 (Figure 7)
between stations 0 and 2W. The 30 ohm-m: body at the surface between these
stat1ons probab]y represents the tuff un1t that crops out at the head of White
Canyon- most of the bod1estw1th res1st1y1t1es of.40 ohm—m»or less at the
surface a]ong a]l three profiles correlate w1th outcrops of tuffaceous
sediment. - Even though the conductor appears to reach the surface along Line
MR 1, the tuff at the head of White Canyon is too thin to be' the source of the
anoma]y at depth Other tuff units that do not crop out may produce the

deep- seated low-resistivity zone.

The "1000-ft d1poles of L1ne MR 3 prov1de more near -surface deta1] than
the 2000- ft dipoles of L1nes MR 1. and 2 and 1nd1cate that the conductor does

not reach the surface (Figure 9). Instead, the;lO ohm-m anoma]y occurs at a

17- -
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depth of approximate]y“375 m (1200 ft) between stat1ons 1W and 0, west of
White Canyon and the exposures of tuffaceous sed1ment It. under11es a

part1cu]ar]y res;st1ve (l20-160 ohm-m) section that may be re]ated to outcrops
nf the basalt that is the youngesthyo1can1c unit in the Beowawe area."The 120

ohm-m bddy at depth belon statiOns 2.5W andfiw may be a local 3D body or it

‘may reflect a major lithologic break within the'va]cahic pile.

~ The Malpais cnndnctnn may.kef]ectlargi]1izatiqn_caused by a defunct
episode of hydrothernaleacti91ty or,lpassibly,'a-zone that is still connected
in some way to the act1ve hydrothermal system at The Geysers While it is
unl]kely, the anomaly m1ght a]so be caused by conduct1ve Ordov1c1an shales at
a shallow depth within the-M1ocene graben. These poss1b1l1t1es could be~

tested with 1nformat1on from 500 m thermal grad1ent ho]es.

Below the Whirlwind Va]]ey, the vo]tanie roeks have resistivities éreater
than 50 ohm-m and the under1y1ng Ordov1c1an meta- sed1ments res1st1v1t1es less
than 30 ohm-m.(Sm1th,.1979). A 51m1lar contrast is not seen across the Dunphy
Pass fault zone. ‘Instead, the Ordov1c1anAroqks on the .east have resistivities.

greater,than-50‘ohm-m;1‘Severa1.factors could contribute to the high.

| resistivities east of the Dunphy Pass fault zone:‘primary_1ithologictfac1es"

changes,-lack‘of~saturation byAhyerthérma1 f]nids,'br secondary hydrothermal

silicification. The eollectfon and analysis-of chip samples from thermal

gradient holes on'the'Ma]pais;may reveal why thetmeta-sediments have much

higher resjstivities.be]bw:the Malpais than they do below the Whirlwind

Valley.

18



CONCLUSTONS

B{pole-dipo]e data point to a poorly réso]ved.anomq}y below the Malpais.
Dipole-dibole data define a conductor 1200 m wide at a depth of 300-400 m with

an undetermined depth extent.

Both the conductive anomaly and The Geysers are Confined between the
North}ahd South-CFoss-Faths of Osterling’(1962) (Figure 10).:vThe anomaly
extends "southeast béyond'the'exposurés of the cross-faults, intersects-the

Dunphy Pass fault zdne within section 22, T3IN, R48E, and may;possibly'

‘cqnnect The Geysers to the deep-seated faults at the mafgin of a Miocene

graben. Thermal gradjent'data‘may resolve whether this conductor is

associated with a source of heat.
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APPENDIX

~ Pages 23-25 document all final models. The computed
resistivityvvalues are contoured in the same manner as the
observed data (Figure 7-9) to facilitate comparison. The
resistivities and mode thickness used in the numerical models
are indicated for each model. Unless otherwise indicated,
all node widths are 0.25 dipole lengths. |
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