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INTRODUCTION 

A combined ground magnet ics . , . g r a v i t y and e l e c t r i c a l r e s i s t i v i t y 
;stirvey was comple ted i n t heSeowawe nGeysers - a r e a , fNevada,, 3>y 
E l e c t r o d y n e ^Surveys :0f ^eno , , !Nevada.^or sthe iGetty iOil Company *of 
B a k e r s f i e l d , ^ C a l i f o r n i a . J^Jhis ssurvey,was ^conducted ^during F e b 
r u a r y iand March -of 11979. V^The *bbj e c t i v e iof 4 the ^survey ?was t o • 
d e t e r m i n e yareas sof ;geothermal : : iTi teres t w i t h i n t h e Beowawe -Prospect 
and t o xecommend l o c a t i o n s iof s d r i l l ; iiol«s t o - eva lua t e rthe geo -
t h e r m a l p o t e n t i a l of t h e s e sa reas , :*:This p r o s p e c t l i e s w i t h i n 

;T3IN t o ;T32N,, 1R47E t o R48E.,>and scovers - a p p r o x i m a t e l y 27 s q u a r e 
m i l e s of t h e Whir lwind "Valley and t h e Malpa i s ( s ee P l a t e I ) . 

A t o t a l of 226 groimd magne t i c s .and g r a v i t y s t a t i o n s were occupied 
u s i n g a g r i d : p a t t e m ;Csee IP la te 1 ) nover t h e ^prospect i a r e a . The 
^grav i ty d a t a ^are i r e f e r enced t o s a i g r a v i t y i a s e ^ s t a t i on l o c a t e d .a t 
t h e Lander Xounty ,Nevada , j a i r p o r t »and a r e r educed t o -a complete 
!Bouguer ^anomaly u s i n g a combined ifilevation'^Bouguer c o r r e c t i o n 
f a c t o r . co r respond ing t o ja ^dens i ty foS.™2.;=67 jg/cm .. i P o s i t i o n and 
e l e v a t i o n c o n t r o l f o r t h e .^gravity f s t a t i o n s were ^determined by *a 
'Surveying crew .us ing an e l e c t r o n i c ;dis t ance m e a s u r i n g - d e v i c e . 
A.11 ; g r a v i t y o b s e r v a t i o n s ;were o b t a i n e d swith ia l ia C o s t e and Romberg 
'Model ;D ^grav imeter . The ^grav i ty iand ^survey i d a t a H s l i s t e d i n 
Appendix IV of SPART. B ^of t h i s vxepor t . iA m a g n e t i c :base r e c o r d e r " 
^was u s e d du r ing t h e ?siirvey t o ;deterinine m a g n e t i c f i e l d f l u c t u a t i o n s , 
and t h e s e i f l u c t u a t i o n s were f subsequent ly ..removed :from t h e observed 
. d a t a . .• -^f- - :.'• A.:rr;.ia/--.:;-;v'l;"-''w^»-rvh^S^i'̂ ^^^^ ^ 

Three electrical resistivity techniques vwere utilized .because of 
the suspected complexity ~;of "the -area. 'These techniques are time 
domain electromagnetic -soundings iCTDEM) , magnetotelluric-audiomag-
netotelluric soxindings (MT-AMT), -and galvanic ssotindings (DC). 
Plate II .shows the locationsoof the 106 IDEM rsoundings., the '9 MT-.A. ? 
•AMT soxindings and the 3 sets <of modified •Schlumbergerv(DC.) soundings 
Note that the TDEM and MT-AMT soundings .normally occupy ;?gravity/ 
magnetics stations. The TDEM soundings were obtained from source 
bipolesl, 3, 4, Msmd 3, rand ̂ he I)C v:soiindingsV!from:30urce % 
6k, i6)B, 7, tS, and ;9. An additional 9 xeoccupationssof TDEM 
soundings from various source jcombinations were also completed 
to help determine lateral /resistivity leffeets upon the TDEM sounds., 
ings...^ •..;/^,,^, ;'•'•>';'::.•;/.;'-.:;;>:<;-'c^^^^ ' ' • : f : ' " - : y - : j ' : • . : ' : ' ' ' • " • . 

-The TDEM sounding data, :the igalvanic:V'(bc) ^sounding ̂ curves, and the 
MT-AMT sounding curves are in -Appendices T, TI, ;and H I , .PART B.of 
thiSjj report. Over ;seventy-five percent of the 'data acquisition was 
augmented l>y helicopter support idue to the rugged terrain of the 
area, and the poor field conditions (muddy) during the late winter 
months. 

-1-
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GEOLOGIC SUMMARY 

The only a v a i l a b l e geologic d e s c r i p t i o n of t h i s a r e a i s a r e p o r t 
on the Geology of the Frenchie Creek Quadrangle. ^ (Muffler. 1964) , 
This quadrangle i s d i r e c t l y sou theas t of the p rospec t a rea . 

The Frenchie Creek quadrangle was probaTaly t h e s i t e of carbonate 
deposi t ion i n t h e e a r l y Pa leozoic time wi th eugeosynclinal depo
s i t i o n occuring t ens of mi les t o t h e wes t . During t he -An t l e r 
Orogeny ( l a t e "Devonian t o a a r l y Pennsylvanian) t h e western assem
blage was t h r u s t over tlie e a s t e r n assemblage of carbonate r o c k s . 
Near-shore marine conglomerates and dolomites -were xonconformably 
deposited on Ordovician eugeosyncl inal rocks during t h e l a t e Penn
sylvanian or Permian." This Ta te JPaleozolc depos i t ion may liave ^ — 
continued ±nto -the "ear ly Mesozoic'-when ex t rus ion of - s i l i c i c ash-
flow txiffs, and xhyodoci te and rhyol . i te flows occurred ( Ju rass ic? ) 
and in t rus ion of a ±ew x e l a t e d x h y o l i t e (?) p l u g s , - -

D i o r i t e to a l a s k i t e p lu tons were in t ruded during the ea r ly Creta-
iceous (?) and accompanied iby, -intense ; local ^def ormation and f ollow-
7ed lay "hydro thermal waiter a: t i p n S ^ j-bf ;%:he^rea imay liave ioccxorirci 
ed ;in nearly T e r t i a r y 'timei^i^InRCenoz^ ttime i i i yodac i t e .±lows ^i^^ig 
were ^extruded and ?diart>ase^dikeEJweresei^^ : ins the fCortez 4Moun-.. 
t a i n s :^approx3mitely:;13:^^^ p r o s p e c t ^rea) t^$ '>^ 
:during t:he P l iocene .^^v'lNbriniiall^aifl^t ;the iCeno^ T 
izoic and produced t h e l i igh .angle, Beowawe-Geysers f a u l t , The;4i ; 
^result ing Basin and Range t3rpe^ f a u l t b lock i s t i l t e d t o the south
e a s t , '̂  ^ ' 

. . . - ^ ' " • 

Most of the f a u l t Talock w i t h i n t h e p rospec t i s covered l>y ex t ru 
s ive volcanic rocks, . ( r l iyodaci te?)-with t h e ^exception of.rwestem 
assemblage sedimentary virobks?^hat^^occur;inithe v i c i n i t y of ^S15:," = 
T32N, and3A8Ei^«WA JSioutli'-sbutheaBt:• 1^^ ^extends through 
t h i s assemblage^io^fxocks :irom^yi^ ^portion sof t h e ;!Shoshone 
iRanige and t e rmina tes <near t h e ^jsiouthfirnljorder^^:^^^^ sthe prospect, . 31ot 
spr ings /and manrmadevvgeysexs^^Csteam swells) joccur a long the Seowawe ; 
Geysers fa i i l t scaip-in;:S17!i;f^ 
tiierinal 3)o6is ;bcciirrihg ;riorth-aiorthwes ;geiysers. ^ The aaa T; 

^average maximum temperature -deteiminediduring "the d r i l l i n g of t h e 
magma wel ls along : t h e ; ^ a u l t s c a i ^ 3 \ ^ ?Much lower teiiQ>era-
t u r e s were ^encountered 1,200 If eetl^south aof t h e f au l t^scarp (<100*C) . 
Estimated r e s e r v o i r temperatures rdetermined from t h e hot spr ings 
a r e between 196* and2252*;Ca(Hose and Tajrlor,, 1974)-. <A^or&t-type 
s t r u c t u r e occurs ssouthwest ^of ±he igeysers i n t h e ad jacent s ec t ion 
and extands along the "fault s c a r p : 'The ex i s t ence of geothermal 
a c t i v i t y i n the area i s evident as "well a s a very complex structur*^ 
a l s e t t i n g , * ^ s , _-

•^-f"--*- , 
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GRAVITY SURVEY RESULTS 

The complete Bouguer gravity map is given on I'late III "with 
relative apparent Tiigh and low density areas noted, A aimple 
Bouguer map of the Shoshone Hange area is given on Figure 1. 
The gravity anomalies determined Ijy this survey are complex and 
generally trend along a northwests-southeast or southwest-northeast 
direction. The prospect has been divided into six areas wTiich 
have diagnostic gravity character.. A discussion of each area 
follows. - .. „ ^ ^ - - , 1 - _.,?'.: 

1 - Area l"- Sections 1, 2, 11^ 12,^1.3, 14,' and 23, T31N, R46Ej and 
^ ^ • i - ^ " Sections 6 and 7, T31N. R48E.=*=v-̂vi,-̂ *̂''̂5?'5̂"''̂s-̂f"̂ ^̂ *̂»''?". -arj:. - ̂ ^-^ ?̂  

The depths of the "Whirlwind Talley gradiially decreases to the west 
and north in this area as indicated by the general increase in the 
gravity values. This grab en should be shallow as indicated by the 
small amplitude of the gravity anomaly ('̂1.̂4 mgals) . 

Area II .Sections 'h^ 5, 8^ and ^ , T31N, I148E. - V '- - -̂  
• " — ^ ^ — i , - ^ ^ 

East of Area I a gravity-minimum of approximately 2.2 mgals occurs 
and is interpreted as a graben structure. Closure of the anomaly 
to the south -and 'east is accomplished l>y a set of two maximum 
gravity anomalies (Area VI) associated "with the frontrrangeffault 
and a northwest trending ridge. The larger of the two maximum 
gravity anomalies may be due in part to the extension of the ridge 
beneath the valley floor; consequently, the western portion of 
Whirlwind Valley may be hydraulically isolated from the eastern 
portion of the basin, - _. - - .̂, 

A r e a III Sections 24 and 25, T32N, R47E, and Sections 19, 20, 29, 
and 30, T31N, I148E. ^ __, "" ^ I . - " - - - ' 

Within this area there are alternating gravity maximum and minimum 
anomalies elongated in a northeast-southwest direction. The grav=, 
ity relief in this area exceeds 2 mgals and occurs within 4,000 
feet of horizontal distance. The relatively large amplitude and 
high frequency content of the major gravity minimum is indicative 
of a shallow volume of low density material extending along the 
front range fault. Igneous intrusions along this portion of the 
fault could explain this unusual anomaly, but more detailed infor
mation would be required to be sure. -
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Area IV Sections 28, 33, and 34, T31N, R48E. 

In this area, a small graben feature such^as seen in Area II is 
found. Its axis is also interpreted to be in the northwest direc-, 
tion. If these two graben features vera part of a single graben 
in the geologic past, t;hen*a strike-slip fault could be postulated 
along the major fault scarp through the prospecJi-'Ĉ '̂ -'.̂  r^ 

Area V. Sections T.l,''l2,'j.4,̂  15, 23, and 26,' T31B, 114BE, and the 
area to the east. * ̂ - -̂ ^ -̂  ' ^ 

«^4£^ >^ 

The decrease in the gravity^ to the east indicates a deepening of 
a graben structure in that xiirection. The front range fault, and 
the northwest trending ridge, l>order this graben to the northwest 
and southwest,- "" , ^"SZ -̂̂  " f--^i:~,i-~'l4 

Area V I ' * The remaining prospect area surrotoided hy°""the other ">. -
five areas,'«'-.^ ^ '•^^' i£-sxJlK^ ̂ ^t- gŴ «4̂ '̂ --Ĵ '>'̂ *»4̂ -=-̂ '̂ - ĵ*£̂---4,««V'"tl.'* -- •S"*" -w i-̂" -

Geologically and gravimetrically, this is the_most complex area 
within the prospect. This area extends northeast and east along 
the front range fault from the monadnock structure (Sec, 18j 
T31N, R48E) southwest of the 3eowawe Geysers to the cirque-like 
structure in Section 15, T31N, R48E,-v. rf« ̂-̂ -̂s ^̂  %-'--

The gravity maximxim associated withT the monadnock suggests that 
the structure has lateral subsurface extent to the norths ̂ est ciz^ 
and east.. -. ^ '̂ •̂  **•*: s-J'^^-^^^^^^^-^-'^ ^ ^̂ "̂ ^ ^^ i, ^. -̂

-si 
<••' -", 1 

A set of two maximum gravity anomalias exist a mile >east of the 
monadnock and south of the Geysers (Sec, 16, 1? and 10). These 
anomalies trend in a northeast direction with the second and larger 
of the two anomalies extending also in a northwest direction. As 
mentioned above, this extension of the anomaly into Whirlwind 
Valley is associated with the northwest trending ridge and indi-u-U..-
cates an extension of the ridge beneath the valley to the Shoshone-̂ ^ 
Range. The topography northwest of the gravity anomaly supports -
this idea, * ^ .̂  ' '- -»-

A moderate density high, trending north-northwest to south-southe.£ 
east, is found in Sections 22 and 27 just to the west of the ridge 
of lava flows. A density J.ow with relatively high contrast (4 to 5 
5 mgals) is found in the southern half of Section 15. This low 
corresponds closely to an eroded cirque-like feature. It is 
possible that this feature is an acid volcanic (granite) intrusive. 
If this is the case, it should be of much greater age than the 
basic Tertiary intrusives of the area. North of the gravity mini
mum ms an outcrop of Paleozoic western assemblage rocks which have 
an average density of 2.6gm/cm^ (Mahey, 1964) which is less than 
the density of the Tertiary basalts which cover most of the area. 
The density contrast between the two could explain the anomaly, _u 
but not the maximimi gravity anomaly that is also associated with 
the Paleozoic outcrop, t, - . '̂  ~. ^̂ ^ „'„ _Tt^^ 
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^ 
In conclusion, the data suggests two significant structural con=r 

f trol line&tions in the prospect area: 
L 

'3 

n 

1. The northeast to east-northeast Beowawe Geysers -fault as 
evidenced by the sxirface fault scarp through .Sections 16, 17 and 
19, and — T̂l — ""•" ^ ~ "̂̂  1- ̂-̂  ' -. ,r ^ 

2, A north-northwest trending lineation, which may be a -normal 
fault dipping west at the western edge of the ridge through Secr̂ ~> 
tions 22, 27 and 16, - ̂  -" ^ - Z^^^-^ 

@ These two major lineations intersect in "Section 16, which would z.. 
Is then be a Tiub of tectonic activity in the -area. The present steam 

wells or so-called geysers are located to the west in Section 17. 
\tJk •** ̂  " ^ " " A ^-^ ^ ^ ^ "̂  ^ « * ^ j n k x u ^ ^ * f^^ -r ? -^ 

^ •*• pj ^ -a ^ -a C 

!̂  

j 1 f .!̂  n. «. 
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14A6NETIC SURVEY RESULTS 

The magnetic survey map (Plate IV) shows a sectioning of the 
prospect area similar to the gravity map discussed above. The 
significant structural control lineations are shown on the map. 

- - It is noteworthy that there are several .single-point ,anomalies 
that ̂ ary l>y.tover 500 gammas ̂ within tthe:prospect area. ; The re
gional aeromagnetic map <of::t:he Crescent Valliey (Figure 2) does 
not indicate any -such variations; 'therefore; these anomalies must 

j--;/• , be very local effects, and are not necessarily caused by geologic 
™—^ noise, _ . '" - -:%̂ ^ *̂=»r̂™r-., „- •< ̂ t̂̂.̂îv.̂  ̂ r̂  <7- -- "̂  , 

^^^^ ; 
Description of the magnetic anomalies in the areas indicated in 
the gravity discussion are as follows^-: 

Area I In a fashion similar to the gravity values, the magnetic 
values generally increase towards-the Shoshone Range Cwest and u .. 
northwest) indicat ing a Jshallowing=^of Ithe ^hasin as i«expected. The 
two maximxmi magnetic anomalies i n sthis a r e a ;CSec. 12 , and jSec, 23 , 
T31N, R47E) overl ie iihe two maximum'igravity anomeolies ;and ^stiggest 
anomalous decreases i n the basin depths i n these two areas.. 

Areas I I and IV "Both of the poss ible northwest-trending graben 
strucutures of these two areas occur where there i s a minimum of 
magnetic var ia t ion (less than 250 gammas chanage). A explanation 
for t h i s diminished magnetic var ia t ion i s that there i s a consid
erable :amoimt of^csediments deposited iwithin -each ;graben (more than 
:2,500 fee t ) . ;l)eep;hksinsJiOften exhibit , a lack aof :magnetic var ia t ion. 

Area H I ;A ser ies of. a l t e rna t i ng maximrrm l̂ and :minimimi anomalies 
elongated in a nor theaster ly direct ion a re located i n t h i s area. 
Both the magnetic and ;gravity anomalies occur in the ŝame area and 
t rend aLn the same idirection, but -the minimum magnetic and ^maximum; 
gravity anomalies a r e associa ted and"ivice versa. The Malpais 
i s composed iof a fseries aof ro ta ted !faultsblocks ^^with rthe ̂ maximum 
tmagnetic values being associated awith the-^crest of the f au l t blocks, 
and the minimum magnetic anomalies associated with the a l l u v i a l 
f i l l e d troughs acreated !hy;*the ro ta ted f a u l t ^blocks. -A^distortion 
of the direct ion of the maximum ̂ magnetic anomaly occurs i n Sections 
17,' and 18, TSm, R47E, and i s probably due to the effect of the 
thermal a l t e ra t ion of the rocks in "the area by the thermal springs 
a t the Beowawe Geysers. - ^ 
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Figure 2. Aeromagnetic map of the "Dry Hills and Central Crescent 
"Valley area. Magnetic contours _ show total intensity magnetic field 
of the^earth in Igiamna. Contour interval is 50 gammas^ Scale is 
1:250,000 (after ITiilhiri;,«yet.al,, 1963)V-

i5.'^'i&^-^;^g^4-^"'.?r^^''^*-??i^*i'-?etoi^ 

: — '.vJS?--



' f 
Y ,"1 

Areas V and VI The magnetic anomalies within these two a reas ' a r e 
vcontroiled hy ithe two astructura:! ^control l . ineations (northwesi-
aoutheast;and ssouthwest-rnortheast) a s shown i n f l a t e IV sand . aî  > 
:genera:lly corre la te iidLth igravityianomalie iof^oppositeisaBign; Three 
iisets of imaximim)^min3.mum.magnetic anomaly cpajrs Toccur galong i h e :;?;;'' 
axtension:6f;sthe northwest trending xidge, -and neiarily isdl theS#^ 
^anomailies a r e elongated in the northeasterly directiohrJ^jlThev/S^-
scentral minimum anomaly i s the l a rges t of the minimum anomalies 
' in ssize and ampilitiide and i s feordered by two maximimi sanomalies v / 
t h a t icontain "the l a r g e s t pos i t ive anomaly values:. 'The total ;mag-

• ne t i c f e l i e f i s greater than 1,700 gammas. The northern maximum 
anomaly in Section 15, T31N, R48E, i s similar in shape and loca
t i o n to the maximum gravity anomaly in r the same sect ion. 

North of th i s anomaly s e t , the magnetic var ia t ion diminishes un t i l 
nearly half-way across Whirlwind Valley, a t which time the mag
n e t i c values increases . I t i s in te res t ing that t h i s lack of 
magnetic character i s coincident -with the maximum) gravity anomaly. 
The other gravity maximum i n .Section 17, T31N, R48E, i s coincident 
^with a minimum magnetic anomaly, as i s the monadnock s t ruc ture . 

Normally, maximum arid minimum magnetic and gravity anomalies 
corre la te because the low density sediments that cause the gravity 
lows icover and ^dimiriish ithe Jstrengfh sof s ^ .̂  
magnetic anomalies^ O n e s i t u a t i o n iwhere^his fdoes snot sjhdld t r u e 
i s in areas *of secondary jidepositionibf j travert ine jor ssinter lay/vv 
thermal waters 1 ^Maximum ^gravity ^anomalies swill Ibe tcreated gwith -
very l i t t l e magnetic sijgnatijre.iu'This 1is7mot ithe ¥sitxiation:ln ; #"^ 
the "vicinity ^of ithe jBeowawe sGeysers Îwhere ;magnetic icharacter Jis 5; 
associated ^ t h a igravity Jhigh, • "I^re^drous i i r i l and f-
S ie r ra i n t o t h i s anomaly CI ,^00 feet; aeouth lof t he Beowawe ^Geysers) 
produced :the poorest r e s u l t s of t h e i r i i r i l l i ng program - ^81 C 
versus 184 C j u s t north of the magnetic low-gravity high anomaly . 
(Hose and Taylor,, 1974). ; The lack :of .magnetic ..signature with the 
gravi ty anomaly ea!st of the geysers could have geothermail s ign i f i 
cance . - , •̂  . ••- ' - r - ^, '' ,- ' \ " - '" = 

The magnetic anomalies along the northwest trending r idge could be 
r e l a t ed t o igneous in t rus ives which could a c t a s po ten t i a l heat 
sources in 4the area,- The J;intersection of A;the;two s t ructure control 
l ineat ions i n Section ;22,,!T31N;,';R>!f8E^̂  t a rge t 
because of the potentiail fracturing created'by tectonic ac t iv i ty 
a t the trend intersection^^. , . " 

- 9 -
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1ELECTRICAL HRESISTIVITy tSURVEY IffiSULTS^ 

S The ga: ivanic j (DC) : t r e s i s t i v i t y l6bumHings^^ | ^ 
Appendix I I ; , :^>ARTS) i n d i c a t e s t h a t s a h i g h l y v a r i a b l e supper | g e o - . 

f̂  l o g i c s e c t i o n - e x i s t s >3within t h e p r o s p e c t . ;, -The soundings t o : ; t h e 
Li n o r t h of t h e ;f a u l t ? scarp , jperf ormied a l o n g j sbu rce ' l o c a t i o n s iB .and 

9, i n d i c a t e s u b s u r f a c e v p l c a n i c s m e a r ^ h e f a u l t s c a r p .and t h e 
monadnock n e a r cthe ^fiprings;^: sFur ther aout i n t h e J b a s i n , , c o n s i d e r 
a b l e t h i c k n e s s e s - o f ' c l a y a l t e r a t i o t T ^ a n d v p l a y a - ^ ^ 
a r e ^expected ;;and i n d i c a t e d jhy ± h e l ^w a p p a r e n t r ^ a s i s t i v i t y v a l u e s 
i n t h e v a l l e y . Both of t h e s e t y p e s of d e p o s i t s may be a ffiew 
thousand f e e t t h i c k and must be p e n e t r a t e d b e f o r e r e a c h i n g a 
h e a t conduc t ion a n d / o r h e a t c o n v e c t i o n sys tem. - *«» -us.. 

The soundings to the south of the fault scarp, performed along 
sources '6 and 7, indicate a very thin ̂ overburden, 100 to ,'200 feet 
of fractured flows arid allxaviimi, ̂ whlch are '̂ underlain 'by a resis
tive section ((assumed to correlate «with ̂ competent volcanics) with 
thicknesses ̂ greater xthan a few hundred feet.. There may Ibe aome 
lateral non-competent channels .within^l^ vgeneral resistive._J 
zone that 'may locally jcaî Tr heat jaway f rom' an areacof interest". 
Therefore, we ~recbniiend Jan i^nitial ̂ thermal "gradient (T. G.) drilling 

3 ^̂  program :to de:pths spf 1,500 feet, .iOne should expect some slow 
drilling through the intermediate resistive -zones. 

The TDEM vertical magnetic field OU) , horizontal electric_field 
(Ej,) , rscalar ML CO ,02 - 0 .̂6 Bz),, aria \AMT measurements -throughout 
the prospect indicate ian even more ̂ complex picture than the gravity 
and magnetic investigations suggest. This con5>lexity is ahown by 
the Hy and Ej, apparent resistivity profiles (Plates "V - VIII).. A 
brief sxmimary of the data reduction procedures is in Appendix I, 
PART B. - ^ > _ .̂ - " ' 

Examination of the profiles reveals that3 

(1) Lateral resistivity variations are very common in the 
prospect area, and the inferred geoelectric structure is 
very complex.. ' - , . . ' " - ; - - • . , . i 
(2) The apparent r e s i s t i v i t y values encoiontered along the 
Ĥ  prof i les are .greater than t he corresponding ;£« values . 

i(3) The verticail component of .:the magnetic :field twill .couple 
best to large,, hor izontal conductors and should "be nsed a s 
an indication of anomalous x e s i s t i v i t y character, 

(4) The1E^?;pr6files eschibit more l a t e r a l r e s i s t i v i t y var ia
t i ons .and.:xess prof i l e - t o -p ro f i l e continuity than the corres
ponding H^ prof i les Csee Prof i les G,H, L, 5 , and 16) . 
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(5) The two sets of perpendicular Ej, Profiles (NW-SE and 
SW-NE) normally exhibit opposite anomalous resistivity char
acter, ie. , stations along the NW-SE Profiles will be anom
alously resistive while the same stations along the SW-NE 
Profiles -will he anomalously conductive and vice versa (see 
Stations H9 through 09, Plates Till, IX and X)- ^ ̂  

-» ?** j ^ 

(6) Three areas vithin the prospect do not conform to the 
previous observation (#6) , ie,, both the IL, components (the 
parallel and perpendicular) at a station exhibit similar 
anomalous character. These three areas are the central por
tion of Whirlwind Valley, and the central and southern por̂ -.̂ . 
tions of the northwest extending xidge (Sec. 1.4, 15, 2 2 , 23, 
26, and 27, T31N, R48E;,See Plate II and Plates V through X). 

(7) Whirlwind Valley is generally more conductive and more 
laterally homogeneous than the Malpais cuesta. x.̂ -< ̂ -i*-" 

(8) The significant structuraT^control 'lineations observed 
in the gravity and magnetic data are also present in the TDEM 
sounding data,, , -̂ ̂  - ^^d''^\ ' -̂  ri"' r- - \ v 

• > - ^ ^ ' ' ^ - l . , , ^ ^ - - " ^ 

(9) Anomalous conductance within' the geoelectr ic section i s 
encountered at depths of approximately 6,000 feet on the Mal
pais , with some areas displaying anomalous conductance a t 
depths of 3,000 fee t or l e s s , - ^ * ' " ^ --" f 

The complexity of the geoeletr ic s t ructure within the Beowawe Pro
spect i s readi ly shown by the large nxmiber of l a t e r a l r e s i s t i v i t y 
var ia t ions which loccur over ;^hortJhorizorital=distances (less ;than 
;i,300 feet in many icases) sandtfhe^Sifferent :types ^of ^sounding r ,•--
curves determined hy the TDEM soundings. ""Generally, the curves^ 
can be classed as two types: Q Xp,i>p.2>P3) and K (Pi<p2>p3) types. 
The Q type i s the most .prevalent and i s i nd ica t ive of a r e s i s t i v e 
overburden underlain hy more donductive sediments. ^Becausejof the 
very obvious two and th ree adimensional,astructural relat ionships _} • 
•affecting the tTDEM isounding ^curves;,^0 5precise ?curve ^matching^ 
techniques were *emplpyed in in terpre t ing sthe:data, iThe estimated -
depths and r e s i s t i v i t i e s <can"he iof f |by jover ^OOX given the lack 
-of horizontal homogeneity and 5woxn;d^have ! l i t t i e relevance to>|s4)-v-/̂ ^ 
por t ions of the prospect ^where the^geoel^ctric s t ructure iis snot'V-^^ 
layered, hut v e r t i c a l l y :sstanding,' iBowever,.this does :no ta^ 
the fac t ±hat :the p r o f i l e s .andviTDEMjsotindijags scan hê -û ^ 
del ineate areas of anomailous s t ructure and conductance.- ' ^ 

Soundings auch as JC13 which exhibit anomalous conductance at shallow 
apparent depths, jand which are flanked by ;morexesist ive isections., 
i nd ica te the poss ib le existence ;of v e r t i c a l l y standing conductors, 
Such ve r t i c a l s t ruc ture should be irelated to fracturing or faulting 
-^within the subsurface with -mineralization or thermal f luids along 
the s t ructure providing the anomalous conductance in the .zone. 
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I n d i r e c t evidence f o r t h e prevalence of such s t r u c t u r e wi th in the 
p r o s p e c t i s provided 3by±he::TDEM3souri:dingxesiilts. ?The "two rsoimdi^.. 
:ing >t3T)e8 used, ^ :he^o r i zo r i t a .1 -e l ec t r i c sand ^ e r t i c S l a a a g n e t i c , : 
^soundings, a r e s sens i t ive j t o idif f ererit Jcondiictive t a i ^ e t s ? : t h e £ 
{e lec t r ic jf i e l d i s o u n d i n g s l a r e ^ o r e a e n s i t i v e :gto ^ert ical^«conductors 
ithan :the v e r t i c a l i:magnetic licomponent iwhichi i s :more lsens i t iye t 
^horizontal conductorsv;sJThe f ac t ^that t the|Ejji^rof i ^ 
more conductive ;thari ^ e - ^ ^ v ^ ^ o ^ ^ ^ ^ »-^^ 
r e s i s t i v i t y v a r i a t i o n , ' i n d i c a t e s ~the;^redomiriance sofi'verticall con
ductors i n t h e ;area .^:^:;^or t h i s xeason , >th 
rsovinding P r o f i l e s were : i i t i l i zed t o i n d i c a t e "the most i n t e r e s t i n g . 
t a r g e t areas because they should d i f f e r e n t i a t e b e t t e r between the 
i n s i g n i f i c a n t conductive t a r g e t s (see P l a t e XI) ,̂ '̂  ^^r,̂  _-..., 

Another i n d i c a t i o n of t h e complexity 'of t h e g e o e l e c t r i c s t r u c t u r e 
i s ishown .by -comparison of the IL, .soimdings i i n t h e two orthogonal 
idixect ions :s;;:;:;The;3)lotted ^xesxtlts jare i the jhorzonta l l^e lec t r ic f i e l d 
ssoiindings ncomaOJ/itbvjf^he j ^ ' . 
ssounding swill j be neither'^ithekioinponent ^para l le l ;to s ^ sou rce - -
h i p o l e of perpendicxalar ?to jit;^:;: Compaiisira -
^orthogonal con^jonentsat a p a r t i c i i l a r a s i t e y:ield vthe xesxi l ts t h a t 
i n many por t ions of t h e prospect , , a ^conductive anomaly determined 
by "the northwest ; component o f G e o e l e c t r i c ' f i e l d , w i l l h e a :xe-
a i s t i v e anomaly a s determined h y :t:he iorthogonal sou theas t •ooinpo-
nent of t h e e l e c t r i c f i e l d . r'tThis i-svtxue idf t h e 3eowawe -^Geysers 
a r e a , the ;area s o u t h e a s t of ^the -Geysers ^^extending a long t h e aslope 
of :the Malpais^ iand i n S e c t i o n :9 sand 10„ "T31N., m48E, iwhere.jthe ;. 

maximum ^gravity anomaly sextends into^^whii^lwind Vall^ey; J -';• 
'^anomaly r e v e r s a l s a r e a g a i n i n d i c a t i v e tof;;a;|yea:y«C(^^ 
s t r i c a t ruct iure t h a t i s skewing the induced e l e c t r i c f i e l d s . 
Fo r tuna t e ly , t h e v e r t i c a l magnetic f i e l d i s much l e s s a f fec ted 
by t h i s skewing, J . . „.. •; ,~ll^.>- / 7. , . ' - , . -- -

S i g n i f i c a n t l y , t h r e e anomalous areas did no t show a r e v e r s a l of 
^anomalies by d i f f e r e n t a l e c t r i c . . f i e l d -components,. The c e n t r a l 
a r e a of "Whirlwind Ga l l ey (a:long I*rof i les S,.>T and Û) i.s anoma;iously 
conduct ive, t h e c e n t r a l a rea 4of t h e nor thwest . t r end ing .x idge-
assoc ia t ed -vdith t h e minimum magnetic vanomaly;^^Sec, 14i-^15i-and .33>-
T31N, R48E) i s ^anomalously ^conductive vahd t h e a r e a horde r ing sthis 
anomaly t o the south CSec. 22 , 23 , 26, and-27, T31N, R48E) i s 
anomalously r e s i s t i v e . ^ "- ", r-̂ T'"*/ J- .•̂ -~-̂ - - -

V e r i f i c a t i o n of an anomaly hy the two e l e c t r i c f i e l d components 
a d d s credence t o i t s ^existence. 'The cconductive anomaly^wLthin 
Whirlwind Vailley i s expected due t o t h e a l l u v i a l f i l l of t h e 
v a l l e y and the ex i s t ence of t h e 3eowawe Geysers and mother thermal 
i express ions along t h e frori t range f a u l t horder ing the v a l l e y . 

The l a t e r a l homogerieitylof t h e conductive anomaly i n d i c a t e s t h a t i 
i t .is r e l a t i v e l y uniform and l a rge i n a i z e . Conductive tela,ys and 
the rmal waters a r e l i k e l y t o j b e t h e ^icause^of^^t^ janomaily-.oĵ v . 
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The Juxtaposition of the conductive i^and-xesistive anomaly Jjwithin 
the northwest trending xidge :is ibf more interest l>ecause a icon-
ductive anoinaly associated with a ivolcaiiic xidge ;has fewer ^possible 
explanations. This anomaly will 'he discussed later with .regard 
to the other geophysical anomalies,iL.---,^-J^* "^ --- -

These two anomalies, as well as most of the other anomalies deter
mined by the resistivity survey, appear to he controlled hy the 
structural lineations in-the northeast-southwest and northwest-
isoutheast directions as noted in the description.of the gravity r.?> 
ând ̂ magnetic anoijialies, -The f̂ act that ^all jthree ^geophysical tech
niques locked onto tiaese trends jdenote that theiymv^ 
to the major tectonic forces within the area, as would any .geo--
thermal activity- ,-x -̂ ^ -^, ? ~ ' ^̂ - '^^ , s , ^^ -- ^ 

The structural lineations determined by the S.y "soundings are shown 
Von Plate JXI, : This iPlate represents j^thelcontcured apparent xesis
t ivi ty values determined'hyjan^apparentij^ 
^,,000 meters Ĉ6,,560 ffeel;);.-i^iTheatructi^ ^determined 
hy the horizontal electric field soundings are not significantly 
different- , . . . - ' • - - ."-.j'-"- S- ^-^ 

t . - . - 1 - . ^ . . . • „ . _ . . - ^ - ^ J / -4 > " . _ . . • ' • 
_ / - — ^ J • . ' -

The Beowawe Geysers area iscconductive and i s bordered to the 
^northwest by a .resistive janoma;ly iof amall tlaterail ?extent. The 
resistor may he associated with a hiiildup of trayertine at depth, 
hut ;the gravity does not lend m̂uch aupport ^to th is -idea. iSouth-
aast of the Geysers iand the monadnock, ;the Malpais irs character
ized hy relatively high apparent resistivity, ; :3ifur cat ion of the 
xesistive .anomaly soccxirs in Section 36,̂  T3ilJ, yR48E:; Iby a :amail 
^conductive anomaly that smaylbexelat:ed t o n^ l^arger conduc
tive anomaly occurring in ^Sections 9/ 10, and 11, T31N, ;R48E, 

-Elongation of this large anomaly occurs in the southeast direction 
and this axis::of this structural trend passes through-another con
ductive anomaly.aouth in Section 22, T31N,;R48E.. This anomaly 
is coincident with the conductive \anomaly determined hy the two 
electric field icomponent ^soundings ^nd tit occurs at the intersec
tion of two structxaral trends,-^Another ^conductive anomaly ^i^ 
Sections :21, :.28 and i29,:T31N,4R48E,iocctn:s southwest of the trend 
intersection. Southeast of the trend intersection is a resistive 
anomaly that shifts the southernvextension of the northwest-south-
feast trend to the isouthwest.^JBenerally, the apparent depth to 
«each of these conductors approaches i6,'000 feet :except a t the 
following sites: J9, ^13 >and :Q14. Ât these three isites apparent 
depths to the conductor are less than 3:,i000 feet and nearby 
.-vertical oonductors iare -/ejcpected to.*exist,.;::.;x«:::|yS;̂ >J?5̂ ^̂  

The total apparent ^conductance ^determined by the ;MT soundings are 
in good agreement with the TDEM data. !Two of the three KI sites 
with the minimum conductance, Fll and Ii9 ('V'500 -inhos) , occur within 
or close to the xesistive anomalies ;of:the;Malpais iand the xidge. 
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The maximimi conductance was determined i n Whirlwind Valley a t 
s i t e 33 (890 mhos)., and t h e maximum ^conductance determined south 
of the xange f a u l t soccurs .̂ mt. I l l \lC7;80 mhos) son t h e tedge of the 
southexriy^conductive anomaly ;(seet^PlateJCI)^-Given 7780 m^ and a 
a 8ectzion conductancejofB-olBn-m7;.tfe 
conductor ( e lec t r i ca l hasemerit),i;s4i2.,340 2mete^ IMT ?sounding 
Q15 ^ a s the aainimimi determined sconductance ;f or the a r ea '^290 mhos) 
and y e t , l i e s ion t h e -valley sside aof athe xange fau l t and wi th in the 
conductive anomaly determined Isy t h e Ifl̂ ^̂ :̂̂ ^ aoxindings. This 
discrepancy may be explained by l a t e r a l r e s i s t i v i t y var ia t ions 
within the area (the two orthogonal e l e c t r i c f ie lds indicated 
anomaly reversals i n th i s a rea ) . ~^'; ^ ^-- , 

The most in teres t ing area within t h e prospect occiirs at the i n t e r 
section of the s t ruc tura l trends i n Section 22, T31N,-R48E. The ' 
conductive anomaly occurring a t t h i s in tersect ion coincides with 
the telongated .minimum magnetic anomaly tha t extends jalbnig t h e 
northeast-r;southwestiStructural t r e n d . The r e s i s t i v e anomaly^^^r^ 
south of the ' intersection'Coincides with a maximimi magnetic ?': 
anomaly, -and the iiainimum Igravityjiariomaly occinrs in the mortheast 
quadrant created by the in tersec t ing s t ruc tura l t rends. This i s 

I' a very complex area and one tha t should he investigated for geo-
I thermal po ten t i a l . • ,- .„ 
I ' . ' The ^magnetic anomalies are probably due t o igneous int rusives t h a t 
I could be re la ted to the diabase dike emplacement in the Cortez 
1 mountains during the HPliocene. ' In tersec t ion ôf the a t r u c t u r a l 
I" trends i a a jgood indica t ion fof fracturing., t h i s providing channels 
I f or water t o ::percdlate 7down t o the^ in t rus iyes . The ?c 
] anomaly i s not l a rge i n ^lateral 8exterit,,^ifbut*one would â ^ 
' -̂  ' expected i f sa f rac ture dominated system ms sencountered. The 

existence of the coriductor as t r ide t h e xidge i s sigriificant hy 
i t s e l f . The fact t h a t these unusual anomalous condition a r e coin-

s cident or in such close proximity i s in t r iguing and cer ta inly 
I the r e su l t of some complex tectonic a c t i v i t y . 
1 - ' ' : , * . 
i The northern conductive anomaly in Section 9, T31N, R48E, is 
I associated with a ̂ gravity maximum hut no aijgriif icant magnetic 
I expression. The axtreme anisotrqpy exhibited hy the electric 
P field sounding indicatedrgfioelectric complexity, but its exten-
I " sion into the conductive valley diminishes the enthusiasm for . 
[ this anomaly, .. .- . : •: yj x • -'••' Z'; . ; - '.. 

The conductive anomaly southwest of the structural intersection 
; occurs within Area IV and the interepreted'^graben istructiire. The 
j conductive anomaly shape and trend differs from that expected for 
I the graben; fCorisequently, thickening of conductive sediments in 
I - the/^graben may npt adequately explain the anomaly and add sig- . 

nificance to the anomaly.-

No other general comments regarding the correlation of the resis
tivity anomalies and the gravity and magnetic anomalies can be made 

• * * * * • . ^ ' • 
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SUMMARY AND RECOMMENDATIONS -

Each of t h e t h r e e g e o p h y s i c a l methods employed i n t h e Beowawe 
Prospect; magnetics, gravity and e l ec t r i c a l r e s i s t i v i t y , indicate 
t h a t t h i s area i s s t ruc tu ra l ly very complex. That in i t s e l f i s 
significant ^since la rge ^scale tectonic a c t i v i t y i s the earmark 
of most important jgeothermal ssystems. The lexistence of shot 
aprings ^occurs along the front xange fau l t and d r i l l i n g has t;, 
proven the existence of high subsurface ten5)erature (>165*'C). 

Areas I and I I within_the western port ion of Whirlwind Valley 
(see Plate I I I ) are not believed to be important due to the i r 
lack of any nnusual jgecphysical character., /iiConductive sclays %î ^ 
;and a i l t s probably cf i l l t h e has in ^area and provide a poor xes-v.. 
a rvo i r ,for any .geothermail sources flanking the vailley, Ho :'•' ; 
igneous in tms ives were determined,: More de ta i l ed ^gravity,inter-
:pretation may yieild xesidua;i ^gravity maximums within the valley 
that may be re la ted t o 'subsurface t r a v e r t i n e deposition, 

•- " . , "* ^ •- i . . " 

.Area I I I (see Pla te I I I ) i s characterized by r e l a t ive ly high 
apparent xesis t ivi ty , , *and an a l t ema t ing set of elongated 
northeast-.southwest {gravity arid magnetic maximum ..and minimxmi-
anomalies. The minimum igravity anomaly associated with the front 
range fault i s d i f f i cu l t t o in te rp re t hut may he due to i n t ru -
-sives.. The lack of a conductive r e s i s t i v i t y anomaly diminishes 
in te res t for th i s area, -. , - -

Area IV (see P la t e I I I ) i s characterized by a minimum gravity _... 
and conductive x e s i s t i v i t y anomaly, A ,general increase i n the 
magnetic values occurs t o the ^sout^hwest hut :no : :major s t ruc tu ra l 
features i s indicated tby t h e ^magnetics. ^̂; 3^ or ientat ion and 
shape of the x e s i s t i v i t y anomaly d i f f e r s from the inferred 
grahen atructxire., ao,, fortiinately,,i^the conductor ma.y not he 
due ^entirely t o a thickening fof the overburden. The graben may 
be re la ted t o t h e rgraben i n iArea ,11 and ;thus :indicating ^strike 
a l i p movement 'has occurred :in t h e jpast. The ' r e s i s t i v i t y t rend . 
seast of Area IV indica tes t h e ?same t3rpe of a t r i k e - s l i p movement. 

The conductive anomaly i s aligned along an in terpre ted southwest 
s t ructura l trend and may he re la ted to the r e s i s t i v i t y anomaly 
northeast in Area VI. 
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sArea V (see Plate I I I ) i s characterized hy a minimum gravity 
anomaly axtendinj", a a s t , southeast^and i s in te rpre ted a s a 
graben atructure.. iAtmagnetic low extending along t he mortheast-
southwest •structural t r end ^spreads^rout rinto t h e sarea. The aouthem 
vportion of Area V i n t h e v i c i n i t y jof t h e f i d g e ^contains a general 
gravity mininium, a magnetic maximum and a r e s i s t i v e anomaly, 

.Area -VI (see Plate T i l ) i s the most complex and most in te res t ing 
of the areas, "The a r e a adjacent and aouth of t h e Beowawe Ge^ysers 
has a gravity maximxmi, -magnetic maximimi vand a r e s i s t i v e ..anomaly -. 
associated wi th i t . D r i l l i n g i n t h i s warea determined ^disappoint
ing aub surf ace temperatxires a t depths l e s s than 1,000 fee t '(£81 C) . 
The existence ^of t h e magnetic maximum wi th the gravity maximima 
indicates that t r a v e r t i n e accxmiulation.and cgeothermal a c t i v i t y 
were not the cause iof the gravity anomaly as indicated hy the 
d r i l l i ng . The Seowawe (Geysers a r e associatied with a .conductive , 
anomaly bordered hy a x e s i s t i v e anomaly arid the l a t e r a l -extent 
of the anomaly i s approximately one mile. •';-w:/'--',-W-•'>;•-

Ine Sections 16 and 19, T31N, R48E, a .gravity maximimi with l i t t l e 
magnetic character i s generally associated with a conductive 
^aoomaly. The ;geoelectric s t ruc tu re i s very ;anisotropic i n t h i s 
area. The gravity and r e s i s t i v i t y anomalies l i e along the nor th
west-southeast trending s t ruc tura l l inea t io r i . tha t occurs along the 
volcanic r idge. -The x e s i s t i v i t y anomaly smay mot ?be a s !significant 
geothermally hecause i:t ^occiirs i n the -conductive val ley fil i ; / i ;but 
there i s some extension of t h e anomaly ?southeas.t into t he f a u l t -
block. The gravity anomaly may he xela ted to t h e ^extension of 
the volcanic ridge heneath t h e val ley ^ l o o r , Shut i t ;may he due^, 
in pa r t , to geothermal a c t i v i t y , :The sgravity anomaly also extends 
to the southwest in Section 16 and a small conductive anomatly .. u.-. 
occurs in the southwest quarter of the sect ion, : 

'The most s ignif icant ^anomaly occurs rsouth along the r idge i n 
Section 22, T31N, iR48E, -A minimvmi gravity anomaly ^corresponds 
to a magnetic high and ;feorders a minimum magnetic and conductive 
anomaly. The -magnetic and . res is t iv i ty :anoma;iies occur a t the in
tersect ion of t h e a ign i f icant .structura.1 t rends in the prospect 
(northeast-southwest, northwest-southeast), The elongation of . 

t h e magnetic anomaily perpendicular t o the r idge implies igneous ; 
intrusion, possible a s early as Pliocene time when diabase in
trusions occurred in t h e Cortei Mountains .south of t he rBeowawe 
Prospect. The x e s i s t i v i t y and magnetic anomalies a re bordered 
to the south by ma.gnetic and r e s i s t i v i t y high anomalies. The 
coii5)lexity of the anomaly se t , t h e p o s s i b i l i t y of fracturing 
associated with the trend intersect ion and the existence of low 
apparent r e s i s t i v i t y wi th l i t t l e .anisotropy make t h i s area the 
most promising ta rge t for future ^eaqiloration work. ;If t h i s i s 
a fracture dominated aystem, then :the -conductor ishould be en
countered a t depths as shallow as 3,000 fee t . 
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•lis, 
Low r e s i s t i v i t y values are associated with Area VI and there are 
indications from two TDEM .soundings t h a t a fracttire-dominated 
isituation may <exist 1here.. 3 f t h i s ^is t he s i t ua t i on , the poten-
t ia ; i geothermal .plimibingaystem<would he 'encountered a t approx
imately .3,000 fee t ins tead of 6,000 fee t as indicated for;.Area VI. 

ISs> 

-_ i 

Two i r i i t i a l t e s t holes (see P l a t e XI) a r e recommended to probe the 
thermal gradient CTG) ^of t h e ;axea and t o «calibrate the tgepphysical 
xesul ts with the ?observed igeologic aec t ion . Because of t h e com
plexi ty of t h i s a rea , t h i s ^calibration tif t h e igeophysical r e su l t s 
i s e s sen t i a l i n ^order t o cohtain t h e ^ e s t xesu l t s from t h i s .survey 
:ands\ibseqiient d r i l l i n g . TheseIholesahouldhe d r i l l ed i n it^ 
order shown and t o a depth of l.,500 f e e t ao t h a t more conclusive 
r e su l t s xan he ;obtained from t h e ^driH ihiale da ta . Shallower "TG 
holes ican l ead to-misleading £Conclusionsi;-I^ shalloW;, 
high temperature ^gradients can Sbecome a.sothermal .at ^greater depth 
.and thus provide disappointing deep temperatures-or, i n another 
case, l a t e r a l movement sof water :can 3)roduce disappointing 'shallow 
TG re su l t s while a t depth very ihigh temperatiixe ygradients .could he 
encoxmtered. After xe-evaluating the -geophysical survey with the 
TG data, two additional d r i l l holes w i l l be recommended. 
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