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INTRODUCTION 

One hundred sixteen (116) Time Domain Electromagnetic stations 
were performed as part of the Beowawe Prospect. The listings 
of the processed stations are presented alphabetically and by 
component, eg., D14:Hz, Ep and Eper, Hz is the vertical mag­
netic field measurement. Ep represents the horizontal electric 
field parallel to the source, and Eper is the horizontal elec­
tric field perpendicular to the soiirce. 

There are 16 stations at which one of the two E field could not 
be processed due to extremely low signal to noise condition. 

Stations Hll, Mil, 114 Csotirce 1) and R5 could not be digitized 
from the analog tape due to frequency interference-
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L 
DC SOUNDING INTERPRETATION 

L 
SOUNDING 

NO. 

APPARENT 
RESISTIVITY 

(ohm-m) 

50 
350 
32 
<32 ? 

THICKNESS 
(m) 

32 
88 

>1380 

DEPTH 
(m) 

32 
120 
1500 

6.4 50 
«20 
>100 

=.49 
>180 

7 

49 
>229 

6.3 ,35 
15 

>100 

44 
220 
7 

44 
264 
7 

'6.1 

7.1 

27 
240 
«23 

54 
216 
=̂ 55 

65 
31 

1030 

67 
134 
=890 

65 
96 

2076 

67 
201 
1091 

7.2 

8.1 

.. 
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9.1 

9.2 

36 
15 

>150 

2.1 
19 
< 2 

300 
«4 

18 
160 
-<5 

18 
160 
<10 

34 
170 
7 
• 

53 
160 
7 
• 

100 
Lateral 
Variation 

56 
500 
>150 

56 
280 
>155 

34 
204 
? 

53 
213 
? 

56 
556 
>_306 

56 
336 
491 
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INTRODUCTION 

A combined ground magnetics, gravity and electrical xesistivity 
siirvey was completed in the Beowawe Geysers area, Nevada, by 
Electrodyne Surveys of R.eno, Nevada.for the Getty Oil Company of 
Bakersfield, California. This survey was conducted during Feb­
ruary and March of 1979. The objective of the survey was to 
determine areas of geothermal interest within the Beowawe Prospect 
and to recommend locations of drill holes to evaluate the geo­
thermal potential of these areas. This prospect lies within 
T31N to T32N, R47E to R48E, and covers approximately 27 square 
miles of the Whirlwind Valley -and the Malpais (see Plate I). 

. - : \ ' . ' . •:•""""?'*••-'*;:'̂ "'-~v'f̂ .**'*'̂ "'.' -̂K'.. y ' E ' ' ' - ' E ' ^ - ' - ' ^ ' ' ' ' ' 'A*- ' 'y-* ' '^ . ' . . ' '^- ' 'Zi 'z .^E' • .• *• -. • 

A total of 226 ground magnetics and gravity stations were occupied 
using a grid pattern (see Plate I) over the prospect atea. The 
gravity data ̂ re referenced to a gravity base station located at 
the Lander 'County,Nevada, airport and .are reduced to a complete 
Bouguer anomaly using a combined elev̂ tion'-Bouguer correction 
factor corresponding to a density of 2,67 g/cm^. Position and 
elevation control for the gravity stations were determined by a 
surveying crew using an electronic distance measuring device. 
All gravity observations were obtained vith a La Coste and Romberg 
Model D gravimeter. The gravity and survey data is listed in 
Appendix IV of PART B of this report. A inagnetic base recorder 
vas used during the survey to determine magnetic field fluctuations, 
and these fluctuations were subsequently removed from the observed 
data. 

Three electrical resistivity techniques were utilized because of 
the suspected complexity of the area. These techniques are time 
domain electromagnetic soundings (TDEM) , laagnetotelluric-audiomag-
ne to telluric soundings (MT-AMT), and galvanic soundings (DC). 
Plate II shows the locations sof the 106 TDEM soxondings, the 9 MT-A 
AMT sotindings and the 5 sets of modified Schlumberger (DC) soundings. 
Note that the TDEM and MT-AMT soundings normally occupy gravity/ 
magnetics stations. The TDEM soundings were obtained from source 
bipoles 1, 3, 4, and 5, and the DC soundings from source bipoles 
6A, 6B, 7, 8, and 9. An additional 9 xeoccupations of TDEM 
soundings from various source combinations were also completed 
to help determine lateral resistivity effects upon the TDEM sound­
ings. 

The TDEM sotinding data, the galvanicr. (DC) sounding curves, and the 
MT-AMT sounding curves are in Appendices I, II, and III, PART B.of 
thisireport. Over seventy-̂ five percent of the data acquisition was 
augmented by helicopter support due 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 
• ' • V •- . . . . - .- .--

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 d& a r e p o r t 
on the Geology of t he F reach ie Creek Qxaadrangle. QCMuffler, 1964). 
This qtiadrangie i s d i r e c t l y "southeast of t h e prospect a r e a . 

: . . , , . . ; , , • . . . ; ; ^ . , . - ^ , - _ T - - i . : ^ i . « ^ . s _ •- - . . . . . . . . . . . . . 

The Frenchie Creek quadrangle vas'probably the site of carbonate 
deposition in the early Paleozoic time vith eugeosynclinal depo­
sition occuring tens of iniles to the vest- During the Antler 
Orogeny (late Devonian to early Pennsylvanian) the westem assem­
blage was thrust over the''eastem asseniblage of carbonate rocks. 
Near-shore marine conglomerates .and xLolomites vere unconformably 
deposited on Ordovician eugeosynclinal rocks during the late Penn­
sylvanian Jor PerniTanT̂  TOiis, late• Paleozoic deposition may liave ^ 
continued into tiKe~eailyMesozoic'^when extrusion of silicxc ash-
flow tuffs, and rhyodocite and rhyolite flows occurred (Jurassic?) 
and intriision of a ;few related rhyolite (?) plugs, - - -̂ -̂  

Diorite to alaskite plutons were intruded during the early Creta­
ceous (?) and Accompanied by intense local deformation and follow­
ed by hydrothermal alteration. Uplift of the area may have occtjrir̂  
ed in early Tertiary time. In Cenozoic time rhyodacite flows 
were extruded and diabase dikes vere en^laced iTi the Qortez Moun­
tains (approximately 15 miles southeast of-the -prospect area) 
diiring the Pliocene. Uormal ifaulting also "began during the Ceno­
zoic and produced tke.liigh angle, Beowawe^Geysers fault. The 
resulting Basin and Range type fault block is tilted to the south­
east, '. 'E. 22pLp'''yp-y''LP2F'^^2P'-"'yy7Lz'i'^'-:-rL.z. 

Most of the fault Tjlock vithin the prospect is covered by extru­
sive volcanic rocks (rhyodacite?) vith the exception of ves tem 
assemblage sedimentary rocks /that occur in the vicinity of S15, 
T32N, and R48E, A Boutli'-southeast trending ridge extends through 
this assemblage of r̂ ocks from the northern portion of the Shoshone 
Range and terminates near the southem border of the prospect. Hot 
springs and manrmade geysers (steam veils) occur along the Beowawe 
Geysers fault scarp in S17,T32N, and R47E, vithr less active geo­
thermal pools occurring north-northwest of the geysers. The .2.r.a 
average maximum tenperature determined during the drilling of the 
magma veils along rthe fault scarp vas 210* C. Much lower tempera­
tures were encoxmtered 1,200 feet south of the fault scarp (<100*C) . 
Estimated reservoir temperatures determined from the hot springs 
are between 196* and 252* CC (Hose ;and Taylor, 1974), A horst-type 
structure occurs southwest of the geysers in the adjacent section 
and extends along the fault scaxrp. The existence of geothermal 
activity in the area is evident as veil as a very complex structure 
a l - B e x x i j a R . . i .E ' - i . . - y -E- : ' ' -P :Ezzzzp2 :^E^ ' ' y ' ' ' '• -- • "••""-•̂  .-•••..": 
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GRAVITY SURVEY RESULTS 

y ' : " •" " ' - : . " z y y r ^ - y E i ^ E - • . : . •• ' ' - . ' - 'yi- ' -^-^-- ' r"-^r:" ' '^y ' '^^^E^^^'^^ ' 
#41- ' The complete Bouguer g r a v i t y map i s vgiven on P l a t e I I I v i t h 

r e l a t i v e apparent b i g h and low dens i ty a r e a s n o t e d , ' A s imple 
Bouguer map of t h e Shoshone Range a r e a i s given on P igure 1 , 
The g rav i ty anomalies determined by t h i s survey a r e conrplex and 
g e n e r a l l y t rend along a northwest-^-southeast or southwest -nor theas t 
d i r e c t i o n . The p ro spec t has been divideid i n t o s i x areas which 
have d iagnos t i c g r a v i t y cha rac t e r , A d i s c u s s i o n of each a r ea 
fol lows. J . . . . t t a 

I 
Area l"'-' Sections 1, 2,_11, 12, 13^-14, and 23, T31N, R46Ej and 
Sections 6 .and 7 , :^31S^^MSEim&^^^^^^msAm^^'^^y^BEiyi%m^'' ' ' ' ' 

. - i - . ; ~ w . ,̂  - -•-•--•--'• •.•'•.••..,..c'.'^r^iij.-5i«f:r.-3*!«'.iL''* -•-:.i-:-'''^y*Z:ri:y:k^'i--' 

I 

The deptlis of t:he Whirlwind Valley gradually decreases to the vest 
and north in this area as indicated by tihe general increase in the 
gravity, values. This graben should be shallow as indicated by the 
small amplitude of the gravity anomaly {piALEU, mgals) -

Area II ..Sections ̂ 4^5^ 8; and S., T31N, R48E, -^^ 

East of Area I a:, gravity minimum of approxima tely 2.2 mgals occurs 
and is interpreted as a graben structure. Closure of the anomaly 
to the south and 'east is accon^lished Isy a set of two maximum 
gravity anomalies (Area VI) associated vith 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 westem portion of 
Whirlwind Valley may be hydraulicaUy isolated from the eastem 
portion of the basin.^ ̂^ ̂^̂ . . ; : ̂^̂̂̂^̂  - : ^ 

i''-"-"-' -Z '• . : .yi . . . . - ^ ' ' ' y " E . i ' •. - ' . - • ' " ' \ . .:.. -• 

Area Iirf Sections 24 and 25, T32N, R47E," and Sections 19, 20, 29, 
and 30, T31N, R48E-: ,.;'\,̂_ ;, v̂:-_v--g::̂ ;̂;:,;.,-::̂'•;; _^ ;: __ 

Within this area there are alternating gravity maximum and minimum 
anomalies elongated in a northeast-southwest direction. The gravs: 
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 voltmie of low density material extending along the 
front range fault. Igneous intrusions along this portion of the 
faiklt could explain this unusual anomaly, but more detailed infor­
mation would be required to be sure. 

Wt '-• - :, •' z ::\- '-_ y^ y"\-Zzp""-•yyi'iyify •i:r'~'-~:̂ AT-'"-r---;-:.̂ î i'Zi .- ' '' -
'̂ ••'̂  - . ' ' '^ - i"-- 'r^-*Z '^' 'i'''-.'.',.;:. '^•^i: :^^^'--^^A.rrn--*.-r----- ' ' - -•-- . .• ' -"-- ' .^•- .y: , - . ^ . . . ^ * . 
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Figure 1, Sin5)le Bouguer gravity map (after Mabey, 1964) of 
the Crescent Valley. Scale is 1:250,000, 
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Area IV .Sections 28, 33, and 34, 33IN, R48E._- : 

In this area, a small graben f eattire such as seen in Area I I i s 
found. I ts axis ±e also interpreted to l̂ e in ;the northwest direc­
tion. If these two graben features vere part-of a single graben 
in the geologic past,-thenTa strike-slip f aiHt xoiild be postulated 
along the major fault scarp tTarougla the •jtrospecp2̂ Pis;̂ sEE '̂y>'-z-.S 
'•-.-:•••• " - y i r r - . z ' '-:- :..'i--:^^rf^g®^ii?«s;:^'::5^ • 
Area V. Sections 11, 12, J.4, .15, 23,"and:26^ T31B, •R48E, and the 
area to the easZ./'-'--^-'^EPyE2AzyE2APzyppEy22:.2LEA2:-'''-zL.i z 

The decrease in the gravity ±o tihe east Indicates a deepening of 
a graben structure in that direction. The front range fatilt, and 
the northwest trending ridge, Iborder this graben to the northwest 
and southwest. 7. _ , ,,„ PEJ:*- ? v.p-^-yf'iy-^i^yt..E '̂ '~*-̂ E " ' EP'^'^-^ '~' . -» 

-*>: - „ , E > - 2 • r l ' - . B ^ - ^ ^ . - ..v.̂ '̂.-.- civ-,-̂ ;f-—i. , 
Area 

Geologically and gravimetrically., this is the .most con^lex area 
within the prospect. This area extends northeast and east along 
the front range fault from the monadnock structure (Sec, ,18, 
T31N, R48E) southwest of the Beowawe Geysers to the cirque-like 
structure in Section 15,- .T31N, •R48E,;.*?%̂«'%:;ĵ â  

..... .̂  ,• . • . -..• .•••..•-..-.~-n-.....t t ----rr . t - . ---A: ' -Sa-.- . , - .~- .- , ---M'-*^- '?t l '^ '^i^^ -. -»••.•? -• •• 

- -- . .,......,.,.. --.v.-..,.^._^,^v..*.:--Vr.-*.,.;-:.:'.-',.:V^..•-..-'•'->.•• •..:.^.-'^;V.'.--..v^^ . . T . •- ••• ' 

The gravity maxirnimo associated vith the monadnock suggests that 
the structure has lateral subsurface extent to the north, vest zzE 
and east- - •'-/ .^---^ '-?-.-.»? E E -- ;>V-.̂ ->̂ -̂ .'rs . - ~ 

A set of two may1mT.m] gravity anomalies exist a mile east of the 
monadnock and soutih of the Geysers (Sec. 16, 17 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 i:he anomaly into Whirlwind 
Valley is associated with the northwest trending ridge and indi«at)tii;, 
cates an extension of the ridge beneath the valley to the Shoshone^^ 
Range. The topography northwest of the gravity anomaly supports -̂-.-
t h i s i d e a , ..;,,.--. -*. ...-:,.'*-.•:>„:" .r:̂ ;̂.,.-̂ :!̂ .:";-̂ ;:̂ : ,•• ,..--«..--;-*̂ ^̂  P'^--' 

A moderate density high, trending north-northwest to south-south%& 
east, is fotmd in Sections. 22 and 27 just to the vest of the ridge 
of lava flovs. A density- low vith relatively high contrast" (4 to 5 
5 mgals) is found in the-southem 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) inttusive. 
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 lis an outcrop of Paleozoic westem assemblage rocks which have 
an average density of .2.6gm/cm^ (Mabey, 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, Lu 
but not the maximum gravity anomaly that is also associated with 
the Paleozoic outcrop..-Ŝ ':.;.. -.";•-;;;•.;.- •'P\'-. 2L72L2FPiL^zE22EEE2EJ-E]^ ' '-• '• 
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In conclusion, the data suggests two significant stmictural con^r 
trol lineations in t:he prospect area^ - ;̂  ̂  ̂ ^ ̂  

1. The northeast to ̂ east-northeast Beowawe Geysers fault as 
evidenced by the surface fault scarp l:hrough .Sections 16, 17 and 
1 9 . a n d - • ' ...v̂ ;/̂ .;..; ;v:.-, •P'-iyz:.A-r.ymiry:.-'y;,:^.^^s':-.^:^y^ 

2, A north-northwest trending l.ineation, vhich may be a normal 
fault dipping west at the vestem edge of the ridge through Sec^i: 
tions 22, 27 and 16-̂  -:v̂ ^ ;.^W-a^iii •'r^trr-. ̂  

These two major lineations intersect in Section 16, vhich vould tl. 
then be a linb of tectonic activity in the area. The present steam 
veils or so-called geysers are l.ocated to the vest in Section 17. 

ff '-* J-
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T'l MAGNETIC SURVEY RESULTS ^ ; 
' " • " . - , . . . . - ^ • * ' . . " . J - - "• •• ' ' " : : • • ; • 

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, 

. ': ,-̂-;-•--.•,•••-..•-.-.-. - • . . ' , . . E y ' - •-•-̂-: • L..:.z'^.r-*4<^'f7-rE^''^-^^!:^%^A?i-p'i.-;^-_- ' 'z .-y ' • "":; ,; :.̂  . ^ y - ' ' -J '- ' • 

It is noteworthy that there are several single-point anomalies 
that varyl>y over 500 gammas vithin the prospect area. The re­
gional aeromagnetic map of the Crescent Valley (Figure 2 ) does 
not indicate any such variations; therefore, these anomalies must 
be very local effects, and are not necessarily caused by geologic 
noise,' "' •'̂  -"*,: >•=-' ? y^^r.^^' tAJ^E^^^i.^k-.^^lrJEZ*' v-- • " ' -' -

- — -<- ^ -, "^ '- . -'̂  , - " * , - * = „ . ' t. 

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 jthe Shoshone Range (west and 'lo. 
northwest) indicating a shallowing~of the basin as expected. The 
two maximum magnetic anomalies in this area (Sec. 12, and Sec, 23, 
T31N, R47E) overlie the two maximum .gravity anomalies and suggest 
anomalous decreases in the basin depths in these two areas-

Areas II and TV Both of the possible northwest-trending graben 
strucutures of these two areas occur vh'ere there is a minimum of 
magnetic variation (less than 250 gaimnas chanage). A explanation 
for this diminished magnetic variation is that there is a consid­
erable amount of sediments deposited vithin each graben (more than 
2,500 feet). Deep basins'̂  of ten exhibit a lack of magnetic variation. 

Area III A series of alternating maximum and minimum anomalies 
elongated in a northeasterly direction are located in this area. 
Both the magnetic and gravity anomalies occur in the same area and 
trend in the same direction, but the minimum magnetic and maximtmi 
gravity anomalies are associated and vice versa. The Malpais 
is composed of a series of rotated fault blocks vith the maximimi 
magnetic values being associated vith the crest of the fault blocks, 
and the minimimi magnetic anomalies associated vith the alluvial 
filled troughs created by the rotated fault blocks. A distortion 
of the direction of the maximum magnetic anomaly occurs in Sections 
17," and 18, T31N, R47E, and is probably due to the effect of the 
thermal alteration of the rocks in the area by the thermal springs 
at the Beowawe Geysers- : 
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Tigure 2 . Aeromagnetic map of . the Dry B i l l s and Cent ra l Crescent 
Val ley a r e a . • Magnetic contours::show t o t a l i n t e n s i t y magnet ic f i e l d 
of t he e a r t h i n gamma.' Contour i n t e r v a l i s 50 gammas. Sca le i s 
1:250,000 ( a f t e r Ph i lb in ,c^e t , a l , , 1963) . 
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Areas V and VI The magnetic anomalies vithin these two areas are 
controlled by the two structural control lineations (northwest-
southeast, and southwest-northeast) as shown in Plate IV and 
generally correlate vith gravity anomalies of opposite sign. Three 
sets of maximum-minimum magnetic anomaly pairs occur along ilie 
extension of the northwest trending ridge, and nearly all the 
anomalies are elongated in the northeasterly direction.' The 
central minimum anomaly is the largest of the Tm'-n-i-mrrp anomalies 
in size and aniplitude and is iiordered by two •mavi-mum anomalies 
that contain the largest positive anomaly values. The total mag­
netic relief is greater than 1,700 gammas. The northem maximum 
anomaly in Section 15, T31N, R48E, is similar, in shape and loca­
tion to the maximimi gravity anomaly intthe same section. 

. .• •• ' ^ :-••-.--iA^y-yy-'-^p'"'7-..-^-•-.' . y - . ' ^ ^ ' - - : E y E y z ^ r ' ; . . - -:•..-... ̂  -.---.:. .;. .. 
North of this anomaly set, the magnetic variation diminishes until 
nearly half'-way across Whirlwind Valley, at which time the mag­
netic values increases. It is interesting liiat this lack of 
magnetic character is coincident vith the maximimi gravity anomaly-
The other gravity maximum in Section 17, T31N, R48E, is coincident 
vith a minimimi magnetic anomaly, as is the monadnock structure. 

Normally, maximum and minimum magnetic and gravity anomalies 
correlate because the lov density sediments that cause the gravity 
lows cover and diminish the strength of the subsurface basement 
magnetic anomalies- One situation where this does not hold true 
is in areas of secondary deposition of travertine or sinter by 
thermal waters. Maximum gravity anomalies vill be created vith 
very little magnetic signature. This is not the situation in 
the vicinity of the Beowawe Geysers where magnetic character is 
associated vith a gravity high. Previous drilling by Magma and 
'Sierra into this anomaly (1,200 feet south of the Beowawe Geysers) 
produced the poorest results of their drilling program - 81 C 
versus 184 C just north of the magnetic low-gravity high anomaly . 
(Hose and Taylor, 1974). The lack of magnetic signature with the 
gravity anomaly east of the geysers could have geothermal signifi­
cance. :':.";-•.'.' '.- zp..'. E2-''"Z--:-'--.."2yy z:i-:P -.;-"::". 

The magnetic anomalies along the northwest trending ridge could be 
related to igneous intrusives which could act as potential heat 
sources in the area. The intersection of the two structure control 
lineations in Section 22, T31N, R48E, vould become a drilling target 
because of the potential fracturing created by tectonic activity 
at the trend intersection,̂ :. 

-9-



ELECTRICAL RESISTIVITY SURVEY RESULTS 

The galvanic (DC) resistivity soundings (Figures 1 through 6 in 
Appendix II, PART B) indicate that a Mghly variable tipper geo­
logic section exists vithin the prospect. The soundings to, the 
north of the fault scarp, performied along source locations 8 and 
9, indicate substirface volcanics near the fault scarp and the 
monadnock near the springs, Further out in the basin, oonsider-
able thicknesses of clay alteration and playa-type deposition 
are expected and indicated by the low apparent resistivity values 
in the yalley. Both of these types of deposits may be a fiew 
thousand feet thick and must be penetrated before reaching a 
heat conduction and/or heat convection £ystemyry'y'yistiyy:y.' ' ' '-.. 

The soundings to the south of thie fault scarp, performed along 
sources 6 and 7, indicate a very thin overburden, 100 to 200 feet 
of fractured flows and alluvium, vhich are tmderlain by a resis­
tive section (assimied to correlate vith competent volcanics) vith 
thicknesses greater than a few hundred feet. There may be some 
lateral non-con^etent channels vithin_this general resistive, 
zone that may locally carry heat_away_from an areasof interest-
Therefore , we recommend an initial t:hermal gradient (T, G.) drilling 
program to depths of 1,500 feet. One sliould expect some slow 
drilling through the intermediate resistive zones. 

The TDEM vertical magnetic field <H-), horizontal electric_field 
(EJ,), scalar MT (0,02 - 0,£ Hz), ana AMT measurements throughout 
the prospect indicate an even more complex picture than the gravity 
and magnetic investigations suggest. This con5>lexity is shown by 
the H2 and E« apparent resistivity profiles (Plates V - VIII) . A 
brief summary of the data reduction procedures is in Appendix I, 
PART B , . ;' _;.. ;• .,...., : 2..- '• :-'''Z-22.'--....;-.-:-.î :.-•.,:.-

Examination of the profiles reveals that: ' " P 

(1) Lateral resistivity variations are very common in the 
prospect area, and the inferred geoelectric structure is 
very complex- -: : 

(2) The apparent resistivity values encountered along the 
Ey profiles are greater than the corresponding Ej, values. 

(3) The vertical component of the magnetic field vill couple 
best to large, horizontal conductors and should be used as 
an indication of anomalous resistivity character, 

(4) The E« profiles exhibit more lateral resistivity varia­
tions and less profile-to-profile continuity than the corres­
ponding HJ, profiles (see Profiles G, H, L, 5, and 16). 

-10-



(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 vill be anom­
alously resistive -̂ diile the same stations along the SW-NE 
Profiles vill be anomalously conductive and vice versa (see 
Stations H9 through 09, Plates VIII, IX and X) . ' ^^ 

'^'iJ--^fK-''~i;-,l'r'-i • ' 

(6) Three areas vithin the prospect do not conform to the 
previous observation (#6), ie., -both the £« 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 southem por̂ -i ;_. 
tions of the northwest extending ridge (Sec. 14, 15, 22, 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 cx iBSt .a .Ey22,y ' i ,Ey2-

-'-":- '' \ •:'•'•* - l y .;;.;^:'--'r!5':!r*-~?^'v'-V.jw^ii^B^fgws^ .''irE-.z'•-
(8) The significant structiiral'*5cbntfol lineations observed 
in the gravity .and magnetic data are also present in the TDEM 
sounding daZs......'.P-..^--iyyy''y''''̂ ''yyp-k'̂ -: '̂y'y'------'- '̂'''':---''..'':-. • .-

. . - ' : y r i : - ' ' y y i ' ^ y ^ ^ ' ^ E ^ - ' ^ E ' ' ' ^ i ^ ^ y y - Z ' y ' - ' i - ^ ^ ' ' ' ' " ' " ' ' •'• 
(9) Anomalous conductance within the geoelectric section is 
encountered at depths of approximately 6,000 feet on the Mal­
pais , with some areas displaying anomalous conductance at 
depths of 3,000 feet or less, . •' . - ,; 

The complexity of the geoeletric stmicture vithin the Beowawe Pro­
spect is readily shown by the large number of lateral resistivity 
variations \diich occur over short horizontal distances (less than 
1,300 feet in many cases) and the different types of sounding 
curves determined by the TDEM soundings. Generally, the curves 
can be classed as two types; Q CPa>P2>P9) and K (Pi<p2>p3) types. 
The Q type is the most. prevalent and is indicative of a resistive 
overburden underlain T>y more donductive sediments. Because_of the 
very obvious two and three dimensional structural relationships 
affecting the TDEM sounding curves, no precise curve matching 
techniques were employed in interpreting the data. The estimated 
depths and resistivities can be off by over 200% given the lack 
of horizontal homogeneity and would have iittle relevance to 
portions of the prospect where the geoelectric structure is not 
layered, but vertically standing. However, this does not alter 
the fact that the profiles and TDEM soundings can be used to 
delineate areas of anomalous structure and conductance. 

Soundings such as 1G.3 which exhibit anomalous conductance at shallow 
apparent depths, and vhich are flanked by more resistive sections, 
indicate the possible existence of vertically standing conductors. 
Such vertical structure should be related to fracturing or faulting 
within the subsurface with mineralization or thermal fluids along 
the structure providing the anomalous conductance in the zone. 

-11-
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Indirect evidence for the prevalence of such structure vithin the 
prospect is provided by the TDEM sounding results. The two soundr... 
ing tj^es nsed, the horizontal electric and verticil magnetic 
soundings, are sensitive to different conductive targets? the 
electric field soisndlngs are more sensitive to vertical conductors 
than the vertical magnetic con^onent which is more sensitive to 
horizontal conductors- - The fact -that the Rj, Profiles are generally 
more conductive thaxi the H^ Profiles, and indicate more lateral 
resistivity variation, indicates the predominance of vertical con­
ductors in the area. I'or tliis reason, the vertical magnetic 
sounding Profiles vere utilized to indicate the most interesting 
target areas because they shtould differentiate better between the 
insignificant conductive targets (see Plate iXI)-;^y^2?^^ii^. 

Another indication of the con^lexity of the geoelectric structure 
is shown by comparison of the Ej, soundings in the ̂ two orthogonal 
directions. The plotted results are tlie liorzontal electric field 
soundings normal to the particular :profile| consequently, -the - -
sounding will be either the component parallel to the source -
bipole or perpendicular to it. Comparison of the individual 
orthogonal components at a particular site yield the results that 
in many portions of tlie prospect, a conductive anomaly determined 
by the northwest component of the electric field, vill be a re­
sistive anomaly as determined by the orthogona.1 southeast compo­
nent of the electric field, This is true of the Beowawe Geysers 
area, the area southeast of the Geysers extending along the slope 
df the Malpais, and in Section 9 and 10, T31N, R48E, where the 
maximum gravity anomaly extends into Whirlwind Valley. These 
•anomaly reversals are again indicative of af-very complex geoelec­
tric structure that is skewing the induced electric fields-
Fortunately, the vertical magnetic field is much less affected 
by this skewing. .. " ' : 

Significantly, three anomalous areas did not show a reversal of 
anomalies by different electric.field components. The central 
area of Whirlwind Valley (along Profiles S, T and U) is anomalously 
conductive, the central area of the northwest trending ridge 
associated with the minimum magnetic anomaly (Sec, 14, 15, and 33,-
T31N, R48E) is anomalously conductive ahd the area bordering this 
anomaly to the south (Sec, 22, 23, 26, and 27, T31N, R48E) is 
anomalously resistive,:;:_̂:-ĉ.;̂:;i::.:f:;:.̂ ;̂V̂  

Verification of an anomaly by the two electric field components 
adds credence to its existence. The conductive anomaly vithin 
Whirlwind Valley is expected due to the alluvial fill of the 
valley and the existence of the Beowawe Geysers and other thermal 
expressions along ithe front range fault bordering the valley. 

The lateral homogeneity of the conductive anomaly indicates that :. 
it is relatively uniform and large in size. Conductive clays and 
thermal waters are likely to be the cause of this anomaly. 

-12-
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Hie Juxtaposition of the conductive and resistive anomaly within 
the northwest trending ridge is of more interest because a con­
ductive anomaly associated with a volcanic ridge has fewer ̂ possible 
explanations. This anomaly vill be discussed later with regard 
to the other geophysical anomalieŝ r̂ l::̂ ;̂ ^̂ ^̂  

These two anomalies, as veil as most of the other anomalies deter­
mined by the resistivity survey, appear to be controlled by the 
structural lineations in-the northeast-southwest and northwest-
southeast directions as noted in the description of the gravity -'̂' 
and magnetic anoijialies. The fact that all three geophysical tech­
niques locked onto these trends denOte that they must be related 
to the major tectonic forces within the area, as would any geo­
thermal activity- ..,.•-'•-«-<.:'• : 

The structural lineations determined by -^e. H^ soundings are shown 
on Plate XI- This Plate represents the contoured apparent resis-
-tivity values determined by an apparent depth-of apparoximately 
2,000 meters (6,560 feet). The structural trends as determined 
by the horizontal electric field soundings are not significantly 
different- _̂.̂< . ..j,..,*- .-̂ .̂., - .p , - . _ 

The Beowawe Geysers area.'iscconductive and is bordered to the 
northwest by a resistive anomaly of small lateral extent. The 
resistor may be associated with a buildt^ of travertine at depth, 
but Jthe gravity does not lend much support to this idea. South­
east of the Geysers and the monadnock, the Malpiais is character­
ized by relatively high apparent resistivity. Bifurcation of the 
resistive anomaly occurs in Section 16, T31N, R48E, by a small 
conductive anomaly that may be related to the much larger conduc­
tive anomaly occurring in Sections 9, 3.0, 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, south in Section 22, T̂ 31N, R48E. This anomaly 
is coincident vith the conductive anomaly determined by the two 
electric field component soundings and it occurs at the intersec­
tion of two structural trends, Another conductive anomaly in 
Sections 21, 28 and 29, T31N, R48E, occurs southwest of the trend 
intersection. Southeast of the trend intersection is a resistive 
anomaly that shifts the southem extension of the northwest-south­
east trend to the southwest. Generally, the apparent depth to 
each of these conductors approaches 6,000 feet except at the 
following sites: J9, K13 and tJ14, At t:hese three sites apparent 
depths to the conductor are less than 3,000 feet and nearby 
vertical conductors are expected to exi st. 

The total apparent conductance determined by the MT soundings are 
in good agreement with the TDEM data. Two of the three MT sites 
vith the minimum conductance, F H and i9 ('̂ 500 mhos) , occur vithin 
or close to the resistive anomalies of the Malpais and the ridge. 

• : - . . - : . - • -,^j 
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The maximum conductance vas determined in Whirlwind Valley at 
site 53 (890 mhos), and the maximum conductance determined south 
of the range fault occurs at 111 C780 mhos) on the edge of the 
southerh::conductive anomaly (see Plate XI). Given 780 mhos and _ 
a section conductance of 3 ohm-m, the depth to the base of the 
conductor (electrical basement) is 2,340 meters. MT sounding 
Q15 has the minimum determined conductance for the area (290 mhos) 
and yet, lies on the valley side of the range fault and vithin the 
conductive anomaly determined by the H^ ̂ ^ ^ soundings. This 
discrepancy may be explained by lateral resistivity variations 
vithin the area (the two orthogonal electric fields indicated 
anomaly reversals in this aresO- ̂  S t̂ ' 

yj;iidt.i^^;.,..in.>yt..tyyi..-.t.-- • 

The most interesting area within the prospect occurs at the inter­
section Of the structural trends in Section 22, T31N,- R48E. The ' 
conductive anomaly occurring at this intersection coincides with 
the elongated miniTmam magnetic anomaly that extends along the 
northeast-southwest structural trend. The resistive anomaly 
south of the intersection coincides "with a maximum magnetic 
anomaly, and the minimum gravity anomaly occurs in the northeast 
quadrant created by the intersecting structural trends. This is 
a very complex area and one that should be investigated for geo­
thermal potentiail. ^ „ . ; 

The magnetic anomalies axe. probably due to igneous intrusives that 
could be related to the diabase dijke emplacement in the Cortez 
mountains during the Pliocene. Intersection of the structural 
trends is a good indication of fracturing, this providing channels 
for water to.percolate down to the intrusives. The conductive 
anomaly is not large in lateral extent, but one vould not be 
expected if a fracture dominated system is encountered. The 
existence of the conductor astride the ridge is significant by 
itself. The fact that these unusual anomalous condition are coin­
cident or in such close proximity is intriguing and certainly 
the result of some complex tectonic activity. 

The northem conductive anomaly ih Section 9, T31N, R48E, is 
associated vith a gravity maximum but no significant magnetic 
expression. The extreme anisotropy exhibited by the electric 
field sounding indicated geoelectric complexity, but its exten­
sion into the conductive valley diminishes the enthusiasm for 
this anomaly. 

The conductive anomaly southwest of the structural intersection 
occurs within Area IV and the interepreted graben structure. The 
conductive anomaly shape and trend differs from that expected for 
the graben; consequently, thickening of conductive sediments in 
the graben may not 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 

-14-



SUMMARY AND RECOMMENDATIONS 

Each of the three geophysical methods eniployed in the Beowawe 
Prospect; magnetics, gravity and electrical resistivity, indicate 
that this area is structurally very complex. That in itself is 
significant since large scale tectonic activity is the earmark 
of most important geothermal systems. The existence of hot 
springs occurs along the front range fault and drilling has 
proven the existence of high subsurface temperature (>165*'C)-

Areas I and II vithin:̂ the vestem portion of Whirlvind Valley 
(see Plate III) are not believed to be important due to their 
lack of any unusual geophysical character. Conductive clays 
and silts probably fill the basin area and provide a poor res- , 
ervoir for any geothermal sources flanking the valley» No 
igneous intrusives vere determined. More detailed gravity inter­
pretation may yield residual gravity maximums vithin the valley 
that may be related to subsurface travertine deposition. 

Area III (see Plate III) is characterized by relatively high 
apparent resistivity, and an alternating set of elongated 
northeast-southwest gravity aiLd magnetic maxi.mimi and minimum, 
anomalies. The minimum gravity anomaly associated with the front 
range fault is difficult to interpret but may be due to intru­
sives. The lack of a conductive resistivity anomaly diminishes 
interest for this area. 

Area IV (see Plate III) is characterized by a minimum gravity -. 
and conductive resistivity anomaly. A general increase in the 
magnetic values occurs to the southwest but no major structural 
features is indicated by the magnetics. The orientation and 
shape of the resistivity anomaly differs from the inferred 
graben structure, so, fortunately, the conductor may not be 
due entirely to a thickening of the overburden. The graben may 
be related to the graben in Area II and thus indicating strike 
slip movement has occurred in the past. The resistivity trend 
east of Area IV indicates the same type of strike-slip movement. 

The conductive anomaly is aligned along an interpreted southwest 
structural trend and may be related to the resistivity anomaly 
northeast in Area VI. 

-15-



Area V (see Plate III) is characterized by a minimum gravity 
anomaly extendingr. east, southeast and is interpreted as a 
graben structure. A magnetic low extending along the northeast-
southwest structural trend spreads out into the area. The southem 
portion of Area V in the vicinity of the ridge contains a general 
gravity miniimmi, a magnetic maximtmi and a resistive anomaly. 

Area VI (see Plate III) is the most complex and most interesting 
of the areas. The area adjacent and south of the Beowawe Geysers 
has a gravity maximum, magnetic maximum and a resistive anomaly . 
associated with it. Drilling in this area determined disappoint­
ing subsurface temperatures at depths less than 1,000 feet (<̂ 81 C) . 
The existence of the magnetic maximum vith the gravity maximum 
indicates that travertine accumulation and geothermal activity 
were not the cause of the gravity anomaly as indicated by the 
drilling. The Beowawe Geysers are associated with a conductive 
anomaly bordered by a resistive anomaly and the lateral extent 
of the anomaly is approximately one mile, - % 

Ine Sections 16 and 19, T31N, R48E, a gravity maximimi with little 
magnetic character is generally associated with a conductive 
anomaly. The geoelectric structure is very anisotropic in this 
area. The gravity and resistivity anomalies lie along the north­
west-southeast trending structural lineation that occurs along the 
volcanic ridge. The resistivity anomaly may not be as signdLficant 
geothermally because it occurs in the conductive valley fill̂ iubut 
there is some extension of the anomaly southeast into the fault-
block. The gravity anomaly,may be related to the extension of 
the volcanic ridge beneath the valley floor, but it may be due, 
in part, to geothermal activity. The gravity anomaly also extends 
to the southwest in Section 16 and a small conductive anomaly .. i • 
occurs in the southwest quarter of the section. 

The most significant anomaly occurs south along the ridge in 
Section 22, T31N, R48E, A minimum gravity anomaly corresponds 
to a magnetic high and )%orders a minimum magnetic and conductive 
anomaly. The magnetic and resistivity anomalies occur at the in­
tersection of the significant structural trends in the prospect 
(northeast-southwest, northwest-southeast). The elongation of 
the magnetic anomaly perpendicular to the ridge iiiq)lies igneous 
intrusion, possible as early as Pliocene time when diabase in­
trusions occurred in the Cortez Mountains south of the Beowawe 
Prospect. The resistivity and magnetic anomalies are bordered 
to the south by magnetic and resistivity high anomalies. The 
conoplexity of the anomaly set, the possibility of fracturing 
associated with the trend intersection and the existence of low 
apparent resistivity with little anisotropy make this area the 
most promising target for future exploration vork. If thiis is 
a fracture dominated system, then the conductor should be en­
countered at depths as shallow as 3,000 feet. 

a6-



Low resistivity values are associated vith Area VI and there are 
indications from two TDEM soundings that a fracture-dominated 
situation may exist here. If this is the situation, the poten­
tial geothermal plumbing system would he encountered at approx­
imately 3,000 feet instead of 6,000 feet as indicated for Area VI. 

Two initial test holes (see Plate XI) are recommended to probe the 
thermal gradient (TG) of the area and to calibrate the geophysical 
results with the observed geologic section. Because of the com­
plexity of this area, this calibration of the geophysical results 
is essential in order to obtain the hest results from this survey 
and subsequent drilling. These holes should be drilled in the 
order shown and to a depth of 1,500 feet so that more conclusive 
results can be obtained from the drill hole data. Shallower TG 
holes can lead to misleading conclusions- In one case, shallow, 
high temperature gradients can become isothermal at greater depth 
and thus provide disappointing deep temperatures or, in another 
case, lateral movement ofwater can produce disappointing shallow 
TG results while at depth very high tenperature gradients could be 
encountered. After re-evaluating the geophysical survey with the 
TG data, two additional drill holes will be recommended. 

r :..P ' 
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INTRODUCTION 

A combined ground magnetics, gravity and electrical resistivity 
survey was completed in the Beowawe Geysers area, Nevada, by 
Electrodyne Surveys of Reno, Nevada.for the Getty Oil Company of 
Bakersfield, California. This survey was conducted during Feb­
ruary and March of 1979. The objective of the survey was to 
determine areas of geothermal interest within the Beowawe Prospect 
and to recommend locations of drill holes to evaluate the geo­
thermal potential of these areas. This prospect lies within 
T31N to T32N, R47E to R48E, and covers approximately 27 square 

î  miles of the Whirlwind Valley and the Malpais (see Plate I ) . 

' i A total of 226 ground magnetics and gravity stations were occupied 
•'̂  using a grid pattern (see Plate I) over the prospect area. The 
\ gravity data are referenced to a gravity base station located at 

the Lander: County.Nevada, airport and are reduced to a complete 
Bouguer anomaly using a combined elevation-Bouguer correction 
factor corresponding to a density of 2.67 g/cm^. Position and 
elevation control for the gravity stations were determined by a 
surveying crew using an electronic distance measuring device. 
All gravity observations were obtained vith a La Qoste and Romberg 
Model D gravimeter. The gravity and survey data is listed in 
Appendix IV of PART B of this report. A magnetic base recorder 
was used during the survey to determine magnetic field fluctuations, 
and these fluctuations were subsequently removed from the observed 
data. 

Three electrical resistivity techniques were utilized because of 
the suspected complexity of the area. These techniques are time 

;g,̂  domain electromagnetic soundings (TDEM) , magnetotelluric-audiomag-
'•Mi netotelluric soundings (MT-AMT), and. galvanic soundings (DC). 

Plate II shows the locationssof the 106 TDEM soundings, the 9 MT-A 

f AMT soundings and the 5 sets of modified Schlumberger (DC) soundings 
Note that the TDEM and MT-AMT soundings normally occupy gravity/ 

;- magnetics stations. The TDEM soundings were obtained from source 
-,̂  bipoles 1, 3, 4, and 5 , and the DC soundings from source bipoles 

6A, 6B, 7, 8, and 9. An additional 9 reoccupations of TDEM 
soundings from various source combinations were also completed 
to help determine lateral resistivity effects upon the TDEM sound-

m 

-.'ii 

•Kl 

-BS 

m 

1 ings 

The TDEM sounding data, "the galvanic:; (DC) sounding curves, and the 
MT-AMT sotmding curves are in Appendices I, II, and III, PART B.of 
thiSireport. Over seventy-five percent of the data acquisition was 
augmented by helicopter support due to the rugged terrain of the 
area, and the poor field conditions (muddy) during the late winter 
months. 
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The only available^geologic description of this area is a report 
on the Geology of the Trenchie Creek Quadrangle, ̂ i(Miiff ler, 1964). 
This quadrangle is directly southeast of the prospect area. 

The Trenchie Creek quadrangle was probably the site of carbonate 
deposition in the early Paleozoic time with eugeosynclinal depo­
sition occuring tens of miles to the west. During the Antler 

'iM Orogeny (late Devonian to early Pennsylvanian) the w e s t e m assem­
blage was thrust over the"eastem assemblage of carbonate rocks. 
Near-shore marine conglomerates and dolomites vere unconformably 
deposited on Ordovician eugeosynclinal rocks during the late Penn­
sylvanian or Permi^^_,'" This late Paleozoic deposition may have -
continued into the early Mesozoic'when extrusion of "silicic ash-
flow tuffs, and rhyodocite and rhyolite flows occurred (Jurassic?) 
and intrusion of a few related rhyolite (?) plugs, ::': 

i . , . -, . . . -• .. • -y-.--~^p'-t-^'-::rAt.y,.^_.,i^...^....yi^.-^ 

Diorite to alaskite plutons were intruded during the early Creta­
ceous (?) and accompanied by intense local deformation and follow­
ed by hydrothermal alteration,. Uplift of the area may have occur-: 
ed in early Tertiary time. In Cenozoic time rhyodacite flows 
were extruded and diabase dikes were emplaced in the Cortez Moun­
tains '(approximately 15 miles southeast of-the prospect area) 
during the Pliocene, Normal faulting also began during the Ceno­
zoic ahd produced the..high angle,, Beowawe-Geysers fault. The 
resulting Basin and Range type fault block is tilted to the south­
east, . . y ' ^ ' - ' E .-:.:•'•-••'̂ ~̂.' -' .••-:: 

i^ Most of the fault hlock within the prospect is covered by extru-
! sive volcanic rocks (rhyodacite?) with the exception of .western 
[jî , assemblage sedimentary rocks that occur in the vicinity of S15, 
1^ T32N, and R48E. A south-southeast trending ridge extends through 
h this assemblage of-irocks from the n o r t h e m portion of the.Shoshone 
[^ Range and terminates near the s o u t h e m border of the prospect. Hot 
1^ springs and manzmade geysers (steam veils) occur along the Beowawe 
[I*: Geysers fault scarp in S17, T32N, and R47E, with less active geo-
f' thermal pools occurring north-northwest of the geysers. The z e e 

f aver age -maximum temperature determined during the drilling of the 
magma wells along the fault scarp was 210* C. Much lower tempera­
tures were encountered 1,200 feet south of the fault scarp (<100*C). 

: i3« Estimated reservoir temperatures determined from the hot springs 
rg are between 196** and 252* CC (Hose and Taylor, 1974), A horst-type 
1 structure occurs southwest of the geysers in the adjacent section 
1^ and extends along the fault scarp. The existence of geothermal 

activity in the area is evident as well as a very complex structure 
al setting. .•..;• .̂  ....-::;.;:;_: _̂ :,;̂ ,̂,,,;i.;--:-; ; 
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GRAVITY SURVEY RESULTS 
. - . . ..>. 

- " ^ ^ ' - ' ' ' ' r j z -"••-
i.'-.r-^.'i.r-y.-'^--- -„ . 

The complete Bouguer gravity map is given on Plate III with 
relative apparent high and low density areas noted,' A simple 
Bouguer map of the Shoshone Range area is given on Tigure 1. 
The gravity anomalies determined by this survey are complex and 
generally trend along a northwest-southeast or southwest-northeast 

^ direction. The prospect has been divided into six areas which 
*̂ have diagnostic gravity character, A discussion of each area 

.follows,.̂.;,:.v̂.;... ̂  ,,: yP"iy::~ 'Z,zz^yz7yy!-PE.......s .E--Er-' ..y-2-..,.2.Ly.pE. 

H Area T ' J Sections 1, 2, .11, 12,13.," 14, and 23, T31N, R46E; and 
^-' ' - . Sections 6 .and 7, T31N, SJi^^^Ei&^^/^EAE^^^Ar---'^^^.^.^^-yy^-^^^^. 

p- ' The depths of the Whirlwind Valley gradually decreases to the west 
^ and north in this area as indicated by the general increase in the 

gravity, values. This graben should be shallow as indicated by the 
p \' small amplitude of the gravity anomaly (pAl'^L mgals). 

Area II v.Sections -4^ 5, 8, and S, T31N, R48E. 

m : 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 by a set of two maximum 
M... gravity anomalies (Area VI) associated with the frontrrangeffauit 
M'-" and a northwest trending ridge. The larger of the two maximum 

gravity anomalies may be due in part to the extension of the ridge 
•Pl . beneath the valley floor; consequently, the w e s t e m portion of 
y Whirlwind Valley may be hydraulicaUy isolated from the e a s t e m 

portion of the basin. ; ... ^ 

Area III'• Sections 24 and .25, ~T32N, R47E;" and Sections 19, 20, 29, 
^ and 30, 13IN, R48E. ' ̂  _̂  "•_ _ S : -;;.•-'_., - . _.. L ... 
S .. Within this area there are alternating gravity maximum and minimum 
m anomalies elongated in a northeast-southwest direction. The grav=: 
": • - ity relief in this area exceeds 2 mgals and occurs within 4,000 
ffl feet of horizontal distance. The relatively large amplitude and 
1^ high frequency content of the major gravity minimum is indicative 

of a shallow volimie of low density material extending along the 
ra front range fault. Igneous intrusions along this portion of the 
I faiklt could explain this unusual anomaly, but more detailed infor-
^ mation would be required to be sure. 
p * - ' " • • ' - ' - . ' • • • - • - -
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Area IV Sections 28, 3 3 , 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 were part of a single graben 
in the geologic past, then a strike-slip fault could be postulated 
along the major fault scarp through the prospect:;̂ :.̂ >̂̂ ;̂ ;̂ <::•;;-:; 

Area V. Sections 11,'12j"^^^^ 23,'and'26i ..T̂ ^̂  and the 
area to the east. ;•-•;:.'->.'r:':--'--.A:>;:;';:r'--̂ \ -'i'-y 

-."- . . - t ^ ^ f :-_ 

The decrease in the gravity to the east indicates a deepening of 
a: graben structure in that direction. The front range fault, and 
the northwest trending ridge, border this graben to the northwest 
and southwest..,r̂ "T:-,.;-•;.>:Î »̂-•"̂ •>••.-:Ŝ -:!<̂ :f -' •' • 

^ 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, 18, 
n T31N, R48E) southwest of the Beowawe Geysers to the cirque-like 
y structure in Section 15, T31N, R48E,,;;^- ,̂ .:̂ -.v. •:-" .̂ -̂

• ̂  The gravity maximum associated with the monadnock suggests that 
1^ the structure has lateral subsurface extent to the north, west sz-.P 
U . and -east.---._-•. . .yEy'pyyPKP2P2pP-yEyp22Eyy • 

|M . A set of two maximimi gravity anomalies exist a mile east of the 
i^ monadnock and south of the Geysers (Sec, 1 6 , 17 and 1 0 ) . These 

anomalies trend in a northeast direction with the second and larger 
j K of the two anomalies extending also in a northwest direction. As 
} F' mentioned above, this extension of the anomaly into Whirlwind 
I "̂  Valley is associated with the northwest trending ridge and indi-eataî ., 
I p, cates an extension of the ridge beneath the valley to the Shoshone-'̂ / 
tp Range. The topography northwest of the gravity anomaly supports ̂••:-
, : this idea. -*. - .=->̂-: ."•.:;-:,. ;-v ̂  ..-.;:_:,• . z . - • ' -z : ryE'~Lp- '2i ' . ' . . - •• ' zz"''•: 

A moderate density high, trending north-northwest to south-south'sa 
M east, is found in Sections. 22 and 27 just to the west of the ridge 

of lava flows. A density-low with relatively high contrast" (4 to 3 
p 5 mgals) is found in the-southem 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. 
jtr, If this is the case, it should be of much greater age than the 
p basic Tertiary intrusives of the area. North of the gravity mini-
^ mum iis an outcrop of Paleozoic w e s t e m assemblage rocks which have 
^ an average density of .2.6gm/cm' (Mabey, 1964) which is less than 
E'. the density of the Tertiary basalts which cover most of the area. 
J The density contrast between the two could explain the anomaly, '-u 

but not the maximum gravity anomaly that is also associated with 
E. the Paleozoic outcrop. ̂ ^: ....... ... . 'Ep.PESi^z.^y-z - 2 - ' - Z Z P P E y . -

• • * •^-— i* - • « ^ t .ST***.-
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In conclusion, the data suggests two significant structural con=r 
r trol lineations in the prospect area: 

1. The northeast to east-northeast Beowawe Geysers fault as 
fT. evidenced by the surface fault scarp through .Sections 16, 17 and 
2- 19, and ;• . •'•-•'•f ;-.v. " '2 . , - -p^pP2Pz ' - ?p':'yE'''''•'--i.yy-''''• 

^ ' 2. A north-northwest trending lineation, which may be a normal 
p fault dipping west at the westem edge of the ridge through Sec=io: 
1̂  tions 22, 27 and 16, y yryzEzP -̂.̂ .̂̂ p _•:.,:. yEEP-'r -̂  LzE--' 
Fj These two major lineations intersect in Section 16, which woxild tl. 

then be a hub of tectonic activity in the area. The present steam 
wells, or so-called geysers are located to^the west ̂ n Section 17. I ̂ ' 
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i 

10. 

t . 

f «9 

'ynai 

../v—.->•..*. 

.• ' •^-^ ' i-r~i- ' ' ...: • 

--»;—• K-. ....-wrr̂ rw.-ji.̂ vj. '-r^-. «*.; f .7-" -̂ 'v.'̂ .tr./.̂ t -•ifyiiZ''^'''^''^'^yy.Jiy^i:g^-y^-r;^«^|^rS.;^-i«^^pl5~u•<t.;wv^.«*»«s*^'^-.-•—-iyrr'. 
: z / y - . . r ~ , T - - r . y i S s - - ; - ^ ^ ^ "-:.;-".'i.̂ -,-,..-, :~i:;;:v;.:-t-..iivfc"""-".'-.''̂ ^̂ ''-*-.y.ĉ i*'̂ *̂  -.- -•-
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INAGNETIC SURVEY RESULTS 

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

icS • • - . ' " " r " • -<•-• i - i ' ' : , ; . y ^ y i y - ' ' y : y z - ' . - ' - y :.;• - "/•.•.--••• 

Î  It is noteworthy that there are several single-point anomalies 
that vary b y over 500 gammas within the prospect area. The re-

.̂ gional aeromagnetic map of the Crescent Valley (Tigure 2) does 
Ifw- not indicate any such variations; therefore, these anomalies must 

be very local effects, and are not necessarily caused by geologic 
noise. "••»'•/••"•'•'••T:V-"-:?'--:.̂ i#tv--*̂ =;̂ ^̂  ••:..••.-

•^ ' Description of the magnetic anomalies in the areas indicated in 
E '. the gravity discussion are as followsj ;. 
m ... L - i • .. ..;,;...,;••-:-:- ' ' " 

]Li» Area I In a fashion similar to the gravity values, the magnetic 
V values generally increase towards::the Shoshone Range (west and ;.o. 
\m . northwest) indicating a shallowing-of the basin as expected. The 
m two maximimi magnetic anomalies in this area (Sec, 12, and Sec, 23, 

T31N, R47E) overlie the two maximum .gravity anomalies and suggest 
anomalous decreases in the basin depths in these two areas. 

\m . . . . ..-: .-----;-.-"/-^:;----• ^ - - i Z - ' - - ' - • : - ' 

1^ Areas II and TV Both of the possible northwest-trending graben 
;_ strucutures of these two areas occur where there is a minimum of 

magnetic variation (less than 250 gammas chanage). A explanation 
•M for this diminished magnetic variation is that there is a consid-
', arable amount of sediments deposited vithin each graben (more than 
im 2,500 feet). Deep basins often exhibit a lack of magnetic variation, 
f p ^ • •' •--. •:-'•-.-.•-. ..•.;,._ - - . . • . . . - . . - . ... ... . . . . 

T -

f Area III A series of alternating maximum and minimum anomalies 
elongated in a northeasterly direction are located in this area. 

[^ Both the magnetic and gravity anomailies occur in the same area and 
t^ trend in the same direction, but the mim'mi.Tm magnetic and maximum 

gravity anomalies are associated and vice versa. The Malpais 
is composed of a series of rotated fault blocks with the maximum 
magnetic values being associated with the crest of the fault blocks, 
and the minimum magnetic anomalies associated with the alluvial 
filled troughs created by the rotated fault blocks. A distortion 
of the direction of the maximimi magnetic anomaly occurs in Sections 
17,' and 18, T31N, R47E, and is probably due to the effect of the 

^ thermal alteration of the rocks in the area by the thermal springs 
at the Beowawe Geysers, 
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Tigure 2. Aeromagnetic map7of .the Dry Hills and Central Crescent 
Vall.ey area. Magnetic contours.; show total intensity magnetic field 
of the'earth in gamma," Contour interval is 50 gammas. Scale is 
1:250,000 (after Philbin,^et.al,, 1963), 
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Areas V and VI The magnetic anomalies within these two areas are 
controlled by the two structural control lineations (northwest-
southeast, and southwest-northeast) as shown in Plate IV and 
generally correlate with gravity anomalies of opposite sign. Three 
sets of maximum-minimum magnetic anomaly pairs occur along the 

r extension of the northwest trending ridge, and nearly all the 
i anomalies are elongated in the"northeasterly direction.' The 

central minimum anomaly is the largest of the minimum anomalies 
-r: in size and amplitude and is Jjordered by two maximimi anomalies 
•A that contain the largest positive anomaly values. The total mag-
-̂ netic relief is greater than 1,700 gammas. The northem maximum 

anomaly in Section. 15, T31N, R48E, is similar, in shape and loca-
^ ^ tion to the maximimi gravity anomaly in-^he same section. 

North of this anomaly set, the magnetic variation diminishes until 
fi nearly half-way across Whirlwind Valley, at which time the mag-
Q netic values increases. It is interesting that this lack of 

magnetic character is coincident with the maximum gravity anomaly, 
^ The other gravity maximum in Section 17, T31N, R48E, is coincident 
p . with a minimum magnetic anomaly, as is the monadnock structure. 

Noirmally, maximum arid minimum magnetic and gravity anomalies 
1 correlate because the low density sediments that cause the gravity 
B lows cover and diminish the strength of the subsurface basement 

magnetic anomalies. One situation where this does not hold true 
1̂ is in areas of secondary deposition of travertine or sinter by 
Q thermal waters. Maximum gravity anomalies will be created with 

very little magnetic signature. This is not the situation in 

§
the vicinity of the Beowawe Geysers where magnetic character is 
associated with a gravity high. Previous drilling by Magma and 
Sierra into this anomaly (1,200 feet south of the Beowawe Geysers) 

_ produced the poorest results of their drilling program - 81 C 
E versus 184 C just north of the magnetic low-gravity high anomaly . 
B (Hose and Taylor, 1974). The lack of magnetic signature with the 

gravity anomaly east of the geysers could have geothermal signifi-
•f1 cance. .-",,.:':.':••,:• PL-Ezz '':,-..ZZ 2 2 ^ ' ' " ' ' ' . - -PS- . ..... 

The magnetic anomalies along the northwest trending ridge could be 
-, related to igneous intrusives which could act as potential heat 
3 sources in the area. The intersection of the two structure control 
P- lineations in Section 22, T31N, R48E, would become a drilling target 

because of the potential fracturing created by tectonic activity 
pl at the trend intersection:;. 
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ELECTRICAL RESISTIVITY SURVEY RESULTS 

The galvanic (DC) resistivity soundings (Figures 1 through 6 in 
Appendix II, PART B) indicate that a highly variable upper geo­
logic section exists within the prospect. The soundings to the 
north of the fault scarp, performied along source.locations 8 and 
9, indicate subsurface volcanics near the fault scarp and the 
monadnock near the springs. Turther out in the basin, consider­
able thicknesses of clay-alteratioh. and playa-type'deposition 

• are expected and indicated by the low apparent resistivity values 
in the yalley. Both of these types of deposits may be a fiew 
thousand feet thick and must be penetrated before reaching a 

jtil heat conduction and/or heat convection system. :-7̂.:;;>v;r̂  

m' 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 and alluvium,• which are underlain by a resis-
rr ' tive section (assumed to correlate with competent volcanics) with 
I thicknesses greater than a few hundred feet. There may be some 
^ lateral non-competent channels within this general resistive _ 

zone that may locally carry heat_awa.y'_from an areaEof interest. 
Q Therefore, we'recommend an initial thermal gradient (T.G.) drilling 
ia program to depths of 1,500 feet. One should expect some slow 

drilling through the intermediate resistive zones,-

ll" • ' The TDEM vertical magnetic field (H-) , horizontal electric_field 
(EJ,) , scalar MT (0.02 - 0.6 Hz), ana AMT measurements throughout 
the prospect indicate an even more complex picture than the gravity 
and magnetic investigations suggest. This complexity is shown by 

i'̂' the H2 and Ej, apparent resistivity profiles (Plates V - VIII). A 
i brief summary of the data reduction procedures is in Appendix I, 
li PARI B. . ...'-. -̂  •,.•.•- . .:•.-,..::--
jS; - ' ' ' . _ • - ' - . - - >.; " ' .' P-

\ Examination of the profiles reveals that? 

j^ (1) Lateral resistivity variations are very common in the 
r prospect area, and the inferred geoelectric structure is 
ir? very con5)lex, -.: 
i j i • • • - • • 

(2) The apparent resistivity values encountered along the 
, H2 profiles are greater than the corresponding Ê , values. 

'F (3) The vertical component of the magnetic field will couple 
' best to large, horizontal conductors and should be used as 
y, an indication of anomalous resistivity character, 

(4) The Ejj profiles exhibit more lateral resistivity varia­
tions and less profile-to-profile continuity than the corres­
ponding H^ profiles (see Profiles G, H^ L, 5, and 16). 

-10-
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•̂  (5) The two sets of -perpendicular Ej, Profiles (NW-SE. and 
' SW-NE) normally exhibit opposite anomalous resistivity char-
i acter, ie., stations along the NW-SE Profiles will be anom-
L. alously resistive while the same stations along the SW-NE 

Profiles will be anomalously conductive and vice versa (see 
r̂  Stations H9 through 09, Plates VIII, IX a n d X ) , " . 

(6) Three areas within the prospect do not conform to the 
n previous observation (#6), ie,, both the E^, 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 southem por-=-. 
tions of the northwest extending ridge (Sec. 14, 15, 22, 23, 

'^ 26, and 27, T31N, R48E; See Plate II and Plates V through X), 

^ " P (7) Whirlwind Valley is generally more conductive and more 
^ laterally homogeneous than the Malpais cuesta, ..i^E..y.r..^:-."y. 

E 

y.pj 

V-yi iA. -^ - ' ' •'-'-'--V -*^ -i • ' A •"-• V*^^'5rt '^ -s-

m i ' (8) The significant structural'*"cont:fol lineations observed 
H in the gravity-and-magnetic data are also present in the TDEM 

sounding data,„ : ̂ ..•-._:: .•..;•--> ̂ :--_:-:-'-:;.r';:-̂  - • 

§ (9) Anomalous conductance within the geoelectric section is 
encountered at depths of approximately 6,000 feet on the Mal­
pais, with some areas displaying anomalous conductance at 

"3 depths of 3,000 feet or less, .; ;;_ .•-;..; 

The complexity of the geoeletric structure within the Beowawe Pro-
^ spect is readily shown by the large number of lateral resistivity 
^ variations which occur over short horizontal distances (less than 

1,300 feet in many cases) and the different types of sounding 
curves determined by the TDEM soundings. Generally, the curves 

yi can be classed as two types; Q (pi>P2>P3) and K (pi<P2>P3) types. 
^ The Q type is the most.prevalent and is indicative of a resistive 

overburden underlain by more donductive sediments. Because o ^ the 

f very obvious two and three dimensional structural relationships • 
affecting the TDEM sounding curves, no precise curve matching"' 
techniques were employed in interpreting the data. The estimated 

§ depths and resistivities can be off by over 2007o given the lack 
of horizontal homogeneity and would have little relevance to 
portions of the prospect where the geoelectric structure is not 

_ layered, but vertically standing. However, this does not alter 
^ the fact that the profiles and TDEM soundings can be used to 
^ delineate areas of anomalous structure and conductance, 

( ^ Soundings such as 1G.3 which exhibit anomalous conductance at shallow 
{̂  apparent depths, and which are flanked by more resistive sections, 

indicate the possible existence of vertically standing conductors. 
j^ Such vertical structure should be rielated to fracturing or faulting 
P within the subsurface with mineralization or thermal fluids along 

the structure providing the anomalous conductance in the zone. 

-11-
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Indirect evidence for the prevalence of such structure within the 
prospect is provided by the TDEM sounding results. The two sound-., 
ing t3rpes used, the horizontal electric and vertical magnetic 
soundings, are sensitive to different conductive targets: the 
electric field soundings are more sensitive to vertical conductors 
than the vertical magnetic coniponent which is more sensitive to 
horizontal conductors, - The fact that the Ej, Profiles are generally 
more conductive than the H- Profiles, and indicate more lateral 
resistivity variation, indicates the predominance of vertical con­
ductors in the area. Tor this reason, the vertical magnetic 
sounding Profiles were utilized to indicate the most interesting 
target areas because they should differentiate better between the 
insignificant conductive targets (see Plate J Q ) , ^ .:;.;:\;'V._..-

Another indication of the complexity of the geoelectric structure 
p^ . is shown by comparison of the Ej, soundings in the "two orthogonal 
1^ directions. The plotted results are the horzontal electric field 
i ,_. : soundings normal to the particular profile^ consequently, -the • : 
I m sounding will be either the component parallel to the sotnrce 
f| " bipole or perpendicular to it. Comparison of the individuail 
; orthogonal components at a particular site yield the results that 
' • in many portions of the prospect, a conductive anomaly determined 
'' % by the northwest component of the electric field, will be a re-
i" sistive anomaly as determined by the orthogonal southeast compo-
t nent of the electric field. This is true of the Beowawe Geysers 
Â  area, the area southeast of the Geysers extending along the slope 
'0 of the Malpais, and in Section 9 and :10, T31N, R48E, where the 
i maximum gravity anomaly extends into Whirlwind Valley. These 
.m ' anomaly reversals are again indicative of a.'-very complex geoelec-
fm—' trie structure that is skewing the induced electric fields, 
: Tortunately, the vertical magnetic field is much less affected 
f.., by this skewing- .•'".': 

Significantly, three anomalous areas did not show a reversal of 
I anomalies by different electric.field components. The central 
iP area of Whirlwind Valley (along Profiles S, T and U) is anomalously 
\M conductive, the central area of the northwest trending ridge 
f" associated with the minimum magnetic anomaly (Sec, 14, 15,-and 33,--
Im T31N, R48E) is anomalously conductive ahd the area bordering this 
[[|- anomaly to the south (Sec. 22, 23, 26, and 27, T31N, R48E) is 
*- anomalously resistive. ;.-: ,i. 0 :' •: • y r -Z ' s2 PL '..-

Verification of an anomaly by the two electric field components 
adds credence to its existence. The conductive anomaly within 
Whirlwind Valley is expected due to the alluvial fill of the 
valley and the existence of the Beowawe Geysers and other thermal 
expressions along the front range fault bordering the valley. 

ip; The lateral homogeneity of the conductive anomaly indicates that -
\P it is relatively uniform -and large in size. Conductive clays and 

thermal waters are likely to be the cause of this anomaly. 

-12-
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The juxtaposition of the conductive and resistive anomaly within 
the northwest trending ridge is of more interest because a con­
ductive anomaly associated with a volcanic ridge has fewer -possible 
explanations. This anomaly will be discussed later with regard 
to the other geophysical anomalies.i-.t̂ _. :.., 

These two anomalies, as well as most of the other anomalies deter­
mined by the resistivity survey, appear to be controlled by the 
structural lineations in-the northeast-southwest and northwest-
southeast directions as noted in the description of the gravity --.:•-
and magnetic anoi;ialies. The fact that all three geophysical tech­
niques locked onto these trends denote that they must be related 
to the major tectonic forces within the area, as would any geo­
thermal activity. v:;; ~ /•,...-.:-•. .: ;. • r 

The structural lineations determined by the :H„ soundings are shown 
on Plate XI- This Plate represents the contoured apparent resis­
tivity values determined by an apparent depth of apparoximately 
2,000 meters (6,560 feet). The structural trends as determined 
by the horizontal electric field soundings are not significantly 
different.- ' ,̂  .,.,..z:^^.^.^,..,,....^^j,^...^z..-s:-._:...:^Ey-:y-'_.y.'. 

The Beowawe Geysers area:.isc.conductive and is bordered to the 
_ northwest by a resistive anomaly of small lateral extent. The 

resistor may be associated with a buildup of travertine at depth, 
p but Jthe gravity does not lend much support to this idea. South-
g east of the Geysers and the monadnock, the Malpais is character-
•̂  ized by relatively high apparent resistivity. Bifurcation of the 

resistive anomaly occurs in Section 16, :T31N, R48E, by a small 
^ conductive anomaly that may be related to the much larger conduc-
sa tive anomaly occurring in Sections 9, 10, and 11, T31N, R48E. 

p Elongation of this large anomaly occurs in the southeast direction 
gw and this axis^of this structural trend passes through another con­

ductive anomaly, south in Section 22, T31N, R48E. This anomaly 
ĝ  is coincident with the conductive anomaly determined by the two 
1̂  electric field component soundings and it occurs at the intersec-
- tion of two structural trends. Another conductive anomaly in 

Sections 21, 28 and 29, T31N, R48E, occurs southwest of the trend 
intersection. Southeast of the trend intersection is a resistive 
anomaly that shifts the southem extension of the northwest-south­
east trend to the southwest. Generally, the apparent depth to 
each of these conductors approaches 6,000 feet except at the 
following sites: J9, K13 and Q14. At these three sites apparent 
depths to the conductor are less than 3,000 feet and nearby 

fr- vertical conductors are expected to exist. 

^ The total apparent conductance determined by the MT soundings are 
in good agreement with the TDEM data. Two of the three MT sites 

I4 with the minimum conductance. Til and L9 ('V'500 mhos), occur within 
J or close to the resistive anomalies of the Malpais and the ridge. 

m 

&; 

y 
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The maximum conductance was determined in Whirlwind Valley at 
p site 53 (890 mhos) , and the maximum conductance determined south 

of the range fault occurs at 111 C780 mhos) on the edge of the 
'" ': southern:.'conductive anomaly (see Plate X I ) , Given 780 mhos and _ 
^ a section conductance of 3 ohm-m, the depth to the base of the 
n conductor (electrical basement) is 2,340 meters. MT sounding 
I Q15 has the minimum determined conductance for the area (290 mhos) 

and yet, lies on the valley side of the range fault and within the 
^ conductive anomaly determined by the H- TDEM soundings. This 

discrepancy may be explained by lateral resistivity variations 
within the area (the two orthogonal electric fields indicated 
anomaly reversals in this area;, - i :' 

L. 
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'1 The most interesting area within the prospect occurs at the inter-

sec tion "of the structural trends in Section 22, T31N,-R48E. The 
'7[P] conductive anomaly occurring at this intersection coincides with 
[E the elongated minimum magnetic anomaly that extends 'along the 
fe': northeast-southwest structural trend. The resistive anomaly 
[̂d south of the intersection coincides vith a maximum magnetic 
y anomaly, and the. minimum gravity anomaly occurs in the northeast 

j, quadrant created by the intersecting structural trends. This is 
y a very complex area and one that should be investigated for geo-
2i\ thermal potential. .- , ". 

The magnetic anomalies are probably due to igneous intrusives that 
could be related to the diabase dike emplacement in the Cortez 

£i2j mountains during the Pliocene. Intersection of the structural 
I : trends ia a good indication of fracturing, this providing channe:ls 

for water tb.percolate down to the intrusives. The conductive 
anomaly is not large in lateral extent, but one would not be 
expected if a fracture dominated system is encountered. The 
existence of the conductor astride the ridge is significant by 
itself. The fact that these unusual anomalous condition are coin­
cident or in such close proximity is intriguing and certainly 
the result of some complex tectonic activity. 

The n o r t h e m conductive anomaly ih Section 9, T31N, R.48E, is 
associated with a gravity maximum but no significant magnetic 

^« expression. The extreme anisotropy exhibited by the electric 
field sounding indicated geoelectric complexity, but its exten­
sion into the conductive valley diminishes the enthusiasm for 
this anomaly. 

The conductive anomaly southwest of the structural intersection 
occurs within Area IV and the int erepreted "graben structure. The 
conductive anomaly shape and trend differs from that expected for 
the graben; consequently, thickening of conductive sediments in 
the graben may not adequately explain the anomaly and add sig- • 
nificance to the anomaly. 

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

• ^ - ^ ^ - - ' - . ' . L '•...- " 
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SUMMARY AND RECOMMENDATIONS -

P 
Each of the three geophysical methods employed in the Beowawe 

r?5 Prospect; magnetics, gravity and electrical resistivity, indicate 
2 that this area is structurally very complex. That in itself is 

significant since large scale tectonic activity is the earmark 
_ of most important geothermal systems. The existence of hot 
[1 springs occurs along the front range fault and drilling has 
••i proven the existence of high subsurface temperature (>165®C). 

P Areas I and II within_the westem portion of Whirlwind Valley 
% (see Plate III) are not believed to be important due to their 

lack of any unusual geophysical character. Conductive clays 
j^ and silts probably fill the basin area and provide a poor res-
ti ervoir for any geothermal sources flanking the valley. No 
""* igneous intrusives were determined. More detailed gravity inter-

pre tation may yield residual gravity maximums within the valley 
M that may be related to subsurface travertine deposition. 

Area III (see Plate III) is characterized by relatively high 
1̂  apparent resistivity, and an alternating set of elongated 
iJ northeast-southwest gravity ahd magnetic maximum and minimum-

anomalies . The minimum gravity anomaly associated with the- front 
p range fault is difficult to interpret but may be due to intru-
P sives. The lack of a conductive resistivity anomaly diminishes 

interest for this area, 

f Area IV (see Plate III) is characterized by a minimum gravity -.. 
and conductive resistivity anomaly. A general increase in the 
magnetic values occurs to the southwest but no major structural 

f features is indicated by the magnetics. The orientation and 
shape of the resistivity anomaly differs from the inferred 
graben structure, so, fortunately, the conductor may not be 

m due entirely to a thickening of the overburden. The graben may 
M be related to the graben in Area II and thus indicating strike 

slip movement has occurred in the past. The resistivity trend 
east of Area IV indicates the same type of strike-slip movement. 

m • • 

"̂  The conductive anomaly is aligned along an interpreted southwest 
structural trend and may be related to the resistivity anomaly 

If northeast in Area VI. 

R 
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Area V (see Plate III) is characterized by a minimum gravity . 
r^ anomaly extending^ east, southeast and is interpreted as a 
I. graben structure. A magnetic low extending along the northeast-

southwest structural trend spreads out into the area. The southem 
r- portion of Area V in the vicinity of the ridge contains a general 

gravity minimum, a magnetic maximum and a resistive anomaly. 

p_ Area VI (see Plate III) is the most complex and most interesting 
j of the areas. The area adjacent and south of the Beowawe Geysers 
î~ has a gravity maximum, magnetic maximum and a resistive anomaly . 

associated with it. Drilling in this area determined disappoint-
p ing subsurface temperatures at depths less than 1,000 feet (£81 C) . 
E The existence of the magnetic maxlTm.im with the gravity maximum 

indicates that travertine accumulation and geothermal activity 
7: were not the cause of the gravity anomaly as indicated by the 
[| drilling. The Beowawe Geysers are associated with a conductive 

anomaly bordered by a resistive anomaly and the lateral extent 
of the anomaly is approximately one mile. 

Ine Sections 16 and 19, T31N, R48E, a gravity maximum with little 
magnetic character is generally associated with a conductive 
asomaly. The geoelectric structure is very anisotropic in this 

iy area. The gravity and resistivity anomalies lie along the north­
west-southeast trending structural lineation that occurs along the 

•re volcanic ridge. The resistivity anomaly may not be as significant 
-0̂ . geothermally because it occurs in the conductive valley fili:,:ubut 
E there is some extension of the anomaly southeast into the fault-
y block. The gravity anomaly may be related to the extension of 
'M the volcanic ridge beneath the valley floor, but it may be due, 
"̂  in part, to geothermal activity. The gravity anomaly also extends 

to the southwest in Section 16 and a small conductive anomaly . 
' E occurs in the southwest quarter of the section. 
• ^ 

' The most significant anomaly occurs south along the ridge in 
ll̂  Section 22, T31N, R48E, A minimum gravity anomaly corresponds 
î  — to a magnetic high and feorders a minimum magnetic and conductive 
[ anomaly. The'magnetic and resistivity anomalies occur at the in-
\— tersection of the significant structural trends in the prospect 
1^ (northeast-southwest, northwest-southeast). The elongation of 
F the magnetic anomaly perpendicular to the ridge implies igneous 
! intrusion, possible as early as Pliocene time when diabase in-
:̂  trusions occurred in the Cortez Mountains south of the Beowawe 
'iM Prospect. The resistivi"ty and magnetic anomalies are bordered 

to the south by magnetic and resistivity high anomalies. The 
Im conqjlexity of the anomaly set, the possibility of fracturing 
j^ associated with the trend intersection and the existence of low 
j apparent resistivity with little anisotropy make this area the 
i_ most promising target for future exploration work. If this is 
i^ a fracture dominated system, then the conductor should be en­

countered at depths as shallow as 3,000 feet. 

m 
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j-; Low resistivity values are associated with Area VI and there are 
indications from two TDEM soundings that a fracture-dominated 

r- situation may exist here. If this is the situation, the poten­
tial geothermal plumbing system would be encountered at approx-

K imately 3,000 feet instead of 6,000 feet as indicated for Area VI. 

y Two initial test holes (see Plate XI) are recommended to probe the 
h" thermal gradient (TG) of the area and to calibrate the geophysical 

results with the observed geologic section. Because of the com-
E plexity of this area, this calibration of the geophysical results 
:̂ is essential in order to obtain the best results from this survey 

and subsequent drilling. These holes should be drilled in the 
— order shown and to a depth of 1,500 feet so that more conclusive 
y results can be obtained from the drill hole data. Shallower TG 
^ holes can lead to misleading conclusions. In one case, shallow, 

high temperature gradients can become isothermal at greater depth 
^ and thus provide disappointing deep temperatures or, in another 
O case, lateral movement of water can produce disappointing .shallow 

TG results while at depth very high temperature gradients could be 
C| encountered. After re-evaluating the geophysical survey with the 

TG data, two additional drill holes will be recommended. ."yt. 
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INTRODUCTION 

A combined ground magnetics, gravity and electrical resistivity 
survey was completed in the Beowawe Geysers area, Nevada, by 
Electrodyne Surveys of Reno, Nevada.for the Getty Oil Company of 
Bakersfield, California. This survey was conducted during Teb-
ruary and March of 1979. The objective of the survey was to 
determine areas of geothermal interest within the Beowawe Prospect 
and to recommend locations of drill holes to evaluate the geo­
thermal potential of these areas. This prospect lies within 
T31N to T32N, R47E to R48E, and covers approximately 27 square 
miles of the Whirlwind Valley and the Malpais (see Plate I ) . 

A total of 226 ground magnetics and gravity stations were occupied 
,̂  using a grid pattern (see Plate I) over the prospect area. The 
\ gravity data are referenced to a gravity base station located at 
'IS* the Lander: County, Nevada, airport and are reduced to a complete 
Ip Bouguer anomaly using a combined elevation-Bouguer correction 

F factor corresponding to a density of 2.67 g/cxsr. Position and 
elevation control for the gravity stations were determined by a 

M surveying crew using an electronic distance measuring device. 
M All gravity observations were obtained ̂ d-th a La Coste and Romberg 

Model D gravimeter. The gravity and survey data is listed in 
'M Appendix TV of PART B of this report. A magnetic base recorder 
•'̂  was used during the survey to determine magnetic field fluctuations, 

and these fluctuations were subsequently removed from the observed 
iitr-t data. 
... T 

•M 
Three electrical resistivity techniques were utilized because of 
the suspected complexity of the area. These techniques are time 

\M domain electromagnetic soundings (TDEM), magnetotelluric-audiomag-
'M netotelluric soundings (MT-AMT), and galvanic soundings (DC). 
; Plate II shows the locations sof the 106 TDEM soundings, the 9 MT-.A. 
]m AMT soundings and the 5 sets of modified Schlumberger (DC) soundings 
;̂  Note that the TDEM and MT-AMT soundings normally occupy gravity/ 
j- magnetics stations. The TDEM soundings were obtained from source 
>^ bipoles 1, 3, 4, and 5, and the DC soundings from source bipoles 
'fe 6A, 6B, 7, 8, and 9. An additional 9 reoccupations of TDEM 

soundings from various source combinations were also completed 
to help determine lateral resistivity effects upon the TDEM sound-

•nasi —- " -- . _ • ,. . ._- • . 

The TDEM sounding data,-the galvahic:. (DC) sounding curves, and the 
•̂  MT-AMT sounding curves are in Appendices I, II, and III, PART B.of 
î: this^report. Over seventy-five percent of the data acquisition was 

augmented by helicopter support due to the rugged terrain of the 
area, and the poor field conditions (muddy) during the late winter 
months. 

-1-
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\p'- -'P . GEOLOGIC SUMMARY 
L .... E-...-....--i-i:z''-t'ys'-^_______ 

The only available^geologic description of this area is a report 
on the Geology of the Trenchie Creek Quadrangle, QCMuff ler, 1964). 
This quadrangle is directly southeast of the prospect area. 

The Trenchie Creek quadrangle was probably the site of carbonate 
deposition in the early Paleozoic time with eugeosynclinal depo­
sition occuring tens of miles to the west. During the Antler 
Orogeny (late Devonian to early Pennsylvanian) the westem assem­
blage was thrust over the"eastem assemblage of carbonate rocks. 
Near-shore marine conglomerates and dolomites -were unconformably 
deposited on Ordovician eugeosynclinal rocks during the late Penn­
sylvanian or Permian.';'' This late Paleozoic deposition may have -; 
continued into the early Mesozoic'when extrusion of silicic ash-
flow tuffs, and rhyodocite and rhyolite flows occurred (Jurassic?) 
and intrus ion of a few related rhyolite (?) plugs, - . y: 

Diorite to alaskite plutons were intruded during the early Creta­
ceous (?) and accompanied by intense local deformation and follow­
ed by hydrothermal alteration.. Uplift of 'the area may have occurir.; 
ed in early Tertiary time. In Cenozoic time rhyodacite flows 
were extruded and diabase dikes were enq>laced in the Qortez Moim­
tains (approximately 15 miles southeast of-the prospect area) 

'y. during the Pliocene/ Hormal faulting also began during the Ceno-
M zoic and produced the.high angle, Beowawe-Geysers fault. The 
'F. - resulting Basin and Range type fault block is tilted to the south­

east. -Ep. ' -E:-̂  " 'y~ E- ' . ' ' ' '• ' ' 
y ' • : ' : ' - " ' - - .... • .. • . 

*N Most of the fault hlock within the prospect is covered by extru-
f sive volcanic rocks (rhyodacite?) with the exception of .western 
im.' assemblage sedimentary rocks that occur in the vicinity of S15, 
ly T32N, and R48E, A south-southeast trending ridge extends through 
r this assemblage of TTOcks from the northem portion of the. Shoshone 
[_. " Range and terminates near the southem border of the prospect. Hot 
\M springs and man-made, geysers (steam-wells) occur along the Beowawe 
[M- Geysers fault scarp in S17^T32N, and R47E, with less active geo-
i thermal pools occurring north-northwest of the geysers. The Cc.z. 
||1 average maximum temperature determined during the drilling of the 
\m magma wells along the fault scarp was 210* C, Much lower ten^era-

tures were encountered 1,200 f e e t south of the fault scarp (<100*C). 
;^ Estimated reservoir temperatures determined from the hot springs 
t@ are between 196" and 252* CC (Hose and Taylor, 1974). A horst-type 
I structure occurs southwest of the geysers in the adjacent section 
1,̂  and extends along the fault scairp. The existence of geothermal 
ip activity in the area is evident as well as a very complex structure 

a l s e t t i ng . . •. : .-. .:•:-•:. zzE. y..zy,,,.E' -E-'i 
•••• < t t u , . - . . - • . ' ' « - r ' * X # i , w * > . : . » > y ' ^ ^ . - - ' - * " ^ - ; . _ 

yr^y-^y^Tir^p-p^'zic^zfl^'^jtA. .^r-5'-

:n 



. \ y ' i 
! • • 

E-

f 
E 

\^-

yi 

-P. 

• - • • : • • . • • • „ ; • . • . . . . v - - • - • " • • • 

GRAVITY SURVEY RESULTS 

""•y' .-"-'̂ .'̂ > r-'T?'::. 

The complete Bouguer gravity map is given on Plate III with 
relative apparent high and low density areas noted,' A simple 

p Bouguer map of the Shoshone Range area is given on Tigure 1, 
ki The gravity anomalies determined by this survey are complex and 

generally trend along a northwest-southeast or southwest-northeast 
g5 direction. The prospect has been divided into six areas which 
^ ' have diagnostic gravity character, A discussion of each area 

.follows,:̂ /.̂ -;v-. ,:.. '2.---Ey^yEEA22EE^-.=^Pr..EE^-y.-EP''-Z:^.Z'2i- " ' " 
^ . - ' . X t i . -.•-"-('•j,:... ;v:^iii-.*r-*»-* = — • 

Area I '- Sections 1 , 2 , 1 1 , 12,'a3.,ri4, and 23, T31N, R46Ei and 
' •. Sections 6 -and 7., T31N, ^AtE.i^Ei^^^^i^^J^iE'T^--^ '-

- -- - - . ,.. ' * f y - ' y ' ' • ' E A - - ''• ' ••--V -.';'" - •' •-:"•" . ' " r . j - r , j r : ' - . i E ' - ' ' r-^-''*?^-:ii>.^.r?r''--'^^--w'^''*V/'-.-?".r;?f''**^ •' " • - ' • ^T 'y .^ ,^^ - '..'" 

The depths of the Whirlwind Valley gradually decreases to the west 
and north in this area as indicated by the general increase in the 
gravity, values. This graben should be shallow as indicated by the 
small amplitude of the gravity anomaly ('X/l-:4 mgals). 

Area II vSections ̂ V 5T 8, ~and S. T3IN. R48E,^$ -

P 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 accon^lished by a set of two Ttifl-g-f-m̂rm 
p.. gravity anomalies (Area VI) associated with the frontrrangeffauit 
M; and a northwest trending ridge. The larger of the two maximum 

gravity anomalies- may be due- in part to the extension of the ridge 
r̂  . beneath the valley floor; consequently, the w e s t e m portion of 
y Whirlwind Valley may be hydraulicaUy isolated from the e a s t e m 

portion of the basin. . . . : . ^ ^ 
^ ...... .:. E E ' --' y.^-^- --̂ --As P'Epzzp...- ;-.-.. •".. :. 
1 ' Area Ilir- Sections 24 and 25, T32N, R47E;- and Sections 19, 20, 29, 
.z.S and 30, T31N, R48E. ';..̂_̂  . 'P.Es:2Eyz-.--'22._...-- •..._. :: _ 
M •- Within.this area there are alternating gravity maximum and minimum 
m anomalies elongated in a northeast-southwest direction. The grav-r;-
•: •' ity relief in this area exceeds 2 mgals and occurs within 4,000 
?f - feet of horizontal distance. The relatively large amplitude and 
' ^ high frequency .content of the major gravity minimum is indicative 

of a shallow volimie of low density material extending along the 
[-3 front range fault. Igneous intrusions along this portion of the 
-̂  faiilt could explain this unusual anomaly, but more detailed infor-
^ mation jwould be required to be sure. 

- . ; - * * . , . . < • — -
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Tigure 1. Simple Bouguer gravity map (after Mabey, 1964) of 
the Crescent Valley. Scale is 1:250,000. 
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yE Area IV Sections 28,"33, and 34, T31N, R48E, .. ̂  

P" In this a r e a J -a small graben feature such as seen in Area II is 
t found. Its axis is also interpreted to be in the northwest direc-
i "tion. If these two graben features were part of a single graben 
iF̂  in the geologic past, then a "strike-slip fault could be postulated 
\P along the major fault scarp through the pro spect :.':̂ ^̂ -̂ŷ <̂';̂ r̂  

m 

i -

t t:.:-

m 

t 

•-.,-^^-rrXp-r-

Area V. Sections 11, i2,.3.4, .15, 23, and 26, .^3IB, R48E, and the 
area to "the easZ.:-''""22E2p'.^^-'yPysrEE-Z'2'yE2.zE-E.y'' • ....•J"'.: • : 

The decrease in the gravity to the east indicates a deepening of 
AM a graben structure in that direction. The front range fault, and 
f the northwest trending ridge, border this graben -to the northwest 

and southwest.-"">,;;. 

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, 18, 
î  T31N, R48E) southwest of the Beowawe Geysers to the cirque-like 
^ structure in Section 15, T31N, R48E,*;:- .-,:.̂ -.̂ r̂̂ r%---'"-̂  

gg The gravity maximimi associated with the monadnock suggests that 
the structure has lateral subsurface extent to the north, west sr.J 

1 , and east. 
Er^Tf^'^'^p^i' ' . ' .:- -''i^ '•''Z...t.-A w -' '.-!•"'"• ' • F A y p - ' " ' ' ' ' ' ' L ' - ' '•.-»'.«'<-*••'•-'-'"̂ '•'•̂ "̂S;?-''-'*Û -

\M - A set of two maximum• gravity anomalies exist a -mile east of the 
i si monadnock and south of the Geysers (Sec. 16, 17 and 10). These 
, anomalies trend in a northeast direction with the second and larger 
l iPi 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-eat̂ i;, 
cates an extension of the ridge beneath the valley to the Shoshone-̂ ? 
Range. The topography northwest of the gravity anomaly siipports ;:.;.:. 
t h i s i d e a . --. •-:-'•••• •.:'-:':̂ -̂.; ;"•'"• ;-̂:-:;;>;'- . , ....̂ ..,**.-.;.̂ -̂••.-: ^,_, . . .• . . . . . - . . :... 

.̂  A moderate density high, trending north-northwest to south-south»e 
M east, is found in Sections. 22 and 27 just to the west of the ridge 

of lava flows. A density low with relatively high contrast" (4 to 5 
5 mgals) is found in the-southem 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 is an outcrop of Paleozoic westem assemblage.rocks which have 
an average density of .2.6gm/cm' (Mabey, 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,. In 
but not the maximum gravity anomaly that is also associated with 
the Paleozoic outcrop.-":' - ..•_.,.. v • • ' . . •: ^ . t * , . 

• • — - ; * --^PT.-'-'ST*^' 
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In conclusion, the data suggests two significant structural con=r 
trol linesitions in the prospect area: 

1, The r̂ ortheast to east-northeast Beowawe Geysers fault as 
evidenced by the surface fault scarp through .Sections 16, 17 and 
19, and ; :-y-'—E •• " E , 

1 . A north-northwest trending lineation, which may be a normal 
fault dipping west at the westem edge of the ridge through Seĉ i-'V. 
tions 22, 27 and 16, yy 'ry ' --yzpP-P--- . ' -^ 'L^~^'^-"- ' - ' ' ' 

\'m 
These two major lineations intersect in Section 16, which would tl, 
then be a hub of tectonic activity in the area. The present steam 
wells or so-called geysers are located to the west in Section 17. 

I 

i ^ 
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MAGNETIC 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 vary by over 500 gammas vithin the prospect area. The re­
gional aeromagnetic map of the Crescent Valley (Tigure .2) does 

^ not indicate any such variations; therefore, these anomalies must 
be very local effects, and are .not necessarily caused by geologic 
Tioi.8&.' ' ' ' ' ' ' ' :Z' ' ' 'E2zpy' 'ZPi.E^'2^A^'^'<^^'^:^yEiE2'^^:yA^E'2' ' •";..-:•;•-

FP Description of the magnetic anomalies in the areas indicated in 
^ the gravity discussion are as followss.;:. 

m • ,. -. . . ;--:•:•....;.:..,-,.,..,;-..-.;'-:- - — 

1;̂  Area I In a fashion similar to the gravity values, the magnetic 
f. values generally increase towards i±he Shoshone Range (west and ;:o: 
ifi; northwest) indicating a shallowing-of the basin as expected. The 
lH two maximum magnetic anomalies in this area (Sec, 12, and Sec. 23, 

T31N, R47E) - overlie the two maximum .gravity anomalies and suggest 
anomalous decreases in the basin depths in these two areas. 

Areas II and IV Both of the possible northwest-trending graben 
;_ strucutures of these two areas occur where there is a minimum of 
!(;'; magnetic variation (less than 250 gammas chanage). A explanation 
•M for this diminished magnetic variation is that there is a consid-
p arable amount of sediments deposited vithin each graben (more than 
ip 2,500 feet). Deep basini: often exhibit a lack of magnetic variation. 

!~ Area III A series of alternating maxlmtrm and minimum anomalies 
l^ elongated in a northeasterly direction are located in this area. 
>^ Both the magnetic and gravity anomalies occur in the same area and 
i'̂  trend in the same direction, but the minimum magnetic and maximum 
I gravity anomalies are associated and vice versa. The Malpais 
Ip is composed of a series of rotated fault blocks with the maximum 
iM magnetic values being associated with the crest of the fault blocks, 

and the mini mim magnetic anomalies associated with the alluvial 
Im filled troughs created by the rotated fault blocks. A distortion 
t|v of the direction of the maximimi magnetic anomaly occurs in Sections 
; 17," and 18, T31N, R47E, and is probably due to the effect of the 
\^ ^ thermal alteration of the rocks in the area by the thermal springs 
^ at the Beowawe Geysers, 
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Tigure 1 2 Aeromagnetic "map 7of .the T)ry Hills and Central Crescent 
Valley area. • Magnetic contours.:show total intensity magnetic field 
of the'earth in gamma.̂  Contour interval is 50 gammas. Scale is 
1:250,000 (after Philbin,cvet.al,, 1963). 
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i' Areas V and' VI The magnetic anomalies within these two areas are 
^ controlled by the two structural control lineations (northwest-

southeast, and southwest-northeast) .as shown in Plate IV and 
generally correlate with gravity anomalies of opposite sign. Three 
sets of maximi.im-minTmum magnetic anomaly pairs occur along the 

f" extension of the northwest trending ridge, and nearly all the 
anomalies are elongated in the northeasterly direction.' The 
central minimum anomaly is the largest of the minimum anomalies 
in size and amplitude and is ijordered by two maximum anomalies 
that contain the largest positive anomaly values. The total mag­
netic relief is greater than 1,700 gammas. The northem maximum 
anomaly in Section. 15, T31N, R48E, is similar, in shape and loca­
tion to the maximi.im gravity anomaly in-rthe same section. 

L. 

t.-.:. 

k̂  
North of this anomaly set, the magnetic variation diminishes until 
nearly half-way- across Whirlwind Valley, at which time the mag­
netic values increases. It is interesting that this lack of 
magnetic character is coincident with the maximum gravity anomaly. 
The other gravity -maximum in Section 17, T31N, R48E, is coincident 
with a-minimum magnetic anomaly, as is the monadnock structure. 

Normally, maxirniim arid minimum magnetic and gravity anomalies 
pi correlate because the low density sediments that cause the gravity 
li lows cover and diminish the strength of the subsurface basement 

magnetic anomalies. One situation where this does not hold true 
F ,̂ is in areas of secondary deposition of travertine or sinter by 
^ thermal waters. Maximum gravity anomalies will be created with 

very little magnetic signature. This is not the situation in 
ĵ ' the vicinity of the Beowawe Geysers where magnetic character is 
m associated with a gravity high. Previous drilling by Magma and 
^ 'Sierra into this anomaly (1,200 feet south of the Beowawe Geysers) 
_ produced the poorest results of their drilling program - 81 C 
fc; versus 184 C just north of the magnetic low-gravity high anomaly . 
1* (Hose and Taylor, 1974). The lack of magnetic signature with the 

gravity anomaly east of the geysers could have geothermal signifi-
-̂  c a n c e . ^ .:::.'': ••.',' .- . 2 ' Pzi2- ' 'Zs-i.z i 2 .-.' 

•tj . ' • • - , ,- • 

The magnetic anomalies along the northwest trending ridge could be 
J- related to igneous intrusives which could act as potential heat 
® sources in the area. The intersection of the two structure control 
-̂  lineations in Section 22, T31N, R48E, would become a drilling target 

because of the potential fracturing created by tectonic activity 
M at the trend intersectiooi. 

w 
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ELECTRICAL RESISTIVITY SURVEY RESULTS 

I: 
r 
L 

ti The galvanic (DC) resistivity soundings (Tigures 1 through 6 in 
Appendix II, PART B ) indicate that a highly variable upper geo-

p̂ : logic section exists within the prospect. The soundings to,.the 
l̂  north of the fault scarp, performed along source .locations 8 and 

9, indicate subsurface volcanics near the fault scarp and the 
r- monadnock near the springs. Turther out i n the basin, consider-
E_ able thicknesses of clay alteration. and playa-type'deposition 
!̂' - are expected and indicated by the low apparent resisti-vity values 
^ in the yalley. Both of these types of deposits may be a fiew 
E^ thousand feet thick and must be penetrated before reaching a 
bJ heat conduction and/or heat convection system. 

...., .. , - . j : i .~ ' - -A-r^. ' r r - . i tA.^.-^ 

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 and alluvium, which are underlain by a resis­
tive section (assumed to correlate with competent volcanics) with 
thicknesses greater than a few hundred feet. There may be some 
lateral non-competent channels within_ this general resistive, 
zone that may locally carry heat.away~_from an areacof interest. 
Therefore, we "recommend an initial thermal gradient (T.G.) drilling 
program to depths of 1,500 feet. One should expect some slow 
drilling through the intermediate resistive zones, .: 

The TDEM vertical magnetic field (H-), horizontal electric_field 
(EJ,), scalar M T (0,02 - 0.6 H z ) , ana AMT measurements throughout 
the prospect indicate an even more complex picture than the gravity 
and magnetic investigations suggest. This complexity.is shown by 
the Hy and Ej, apparent resistivity profiles (Plates V - VIII) . A 
brief summary of the data reduction procedures is in Appendix I, 
P A R T B . . •••_:.•• -• . 2 . - 2 : - - : ' - / • - • _ . . - - ' y r ' Z r - , - . A 2 

Examination of the profiles reveals t h a t z ' 

(1) Lateral resistivity variations are very common in the 
prospect area, and the infeired geoelectric structure is 
very complex, ~r 

(2) The apparent resistivity values encountered along the 
H- profiles are greater than the corresponding Ej, values. 

(3) The vertical component of the magnetic field will couple 
best to large, horizontal conductors and should be used as 
an indication of anomalous resistivity character. 

(4) The E^ profiles exhibit more lateral resisti-vity varia­
tions and less profile-to-profile continuity than the corres­
ponding H^ profiles (see Profiles G, H> L, 5, and 16). 

-10-



A (5) The two sets of perpendicular Ej, Profiles (NW-SE. and 
SW-NE) normally exhibit opposite anomalous resistivity char-

r acter, ie., stations along the NW-SE Profiles will be anom-
2. alously resistive ̂ while the same stations along the SW-NE 

Profiles -will be anomalously conductive and vice versa (see 
r: Stations H9 through 09, Plates VIII, IX and:X), " . •" 

(6) Three areas within the prospect do not conform to the 
previous observation (#6), ie,, both the E^, 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 southem por^i :;•.. 
tions of the northwest extending ridge (Sec. 14, 15, 22, 23, 

^̂  26, and 27, .T31N, R48E; See Plate II and Plates V through X). 

^ (7) Whirlwind Valley is generally'more conductive and more 
J laterally homogeneous than the Malpais cuesta, ..ijE^y^i.-.tyAu'E. 

fi 
1/ 5* 

E 

i'>vNC^^A«,-- -.•«x^,»,.-. 

m'2 ' (8) The significant structural control lineations observed 
J in the gravity .and-magnetic data are also present in the TDEM 

s o u n d i n g d a t a . _ .:..:.,:-•-.-•_:: :̂ -̂ -'̂ --.̂ --;i::;̂ ,:;-r;--̂ ':-,;':'';-;•• ••̂  • 

P (9) Anomalous conductance -within the geoelectric section is ' 
B encountered at depths of approximately 6,000 feet on the Mal­

pais, -with some areas displaying anomalous conductance at 
•g depths of 3,000 feet or less, ;;_ .:-.:: 

The complexity of the geoeletric structure -within the Beowawe Pro-
(3 spect is readily shown by the large number of lateral resistivity 
% variations which occur over short horizontal distances (less than 

1,300 feet in many cases) and the different t3rpes of sounding 
curves determined by the TDEM soundings. Generally, the curves 

Q can be classed as two types; Q (Pi>p2>P3) and K (Pi<p2>p3) types. 
^ The Q type is the most. prevalent and is indicative of a resistive 

overburden underlain by more donductive sediments. Because_of__the 
M very obvious two and three dimensional structural relationships -
^ affecting the TDEM sounding curves, no precise curve matching 

techniques were employed in interpreting the data. The estimated 
ra depths and resistivities can be off by over 2007. given the lack 
W • of horizontal homogeneity and would have little relevance to 
- portions of the prospect where the geoelectric structure is not 
_ layered, but vertically standing. However, this does not alter 
^ the fact that the profiles and TDEM soundings can be used to 
^ delineate areas of anomalous structure and conductance. 

pp Soundings such as R13 which exhibit anomalous conductance at shallow 
^ apparent depths, and which are flanked by more resistive sections, 

indicate the possible existence of vertically standing conductors. 

f Such vertical structure should be related to fracturing or faulting 
within the subsurface "with mineralization or thermal fluids along 
the structure pro"viding the anomalous conductance in the zone. 

-11-
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Indirect evidence for the prevalence of such structure -within the 
prospect is pro-vided by the TDEM sounding results. The two soundr.. 
ing types used, the horizontal electric and verticil magnetic 
soundings, are sensitive to different conductive targets.: the 
electric field soundings are more sensitive to vertical conductors 
than the vertical magnetic con5>onent -which is more sensitive to 
horizontal conductors, • The fact that the E ^ Profiles are generally 
more conductive than the H- Profiles, and indicate more lateral 
resisti-vity variation, indicates the predominance of vertical con­
ductors in the area. Tor this reason, the vertical -magnetic 
sounding Profiles were utilized to indicate the most interesting 
target areas because they should differentiate better between the 

[ii insignificant conductive targets (see Plate :XI), 

Another indication of the complexi-ty of the geoelectric structure 
Q , is shown by comparison of the Ej, soundings in the two orthogonal 
I S directions. The plotted results are the horzontal electric field 
j ... : soundings normal to the particular profile^ consequently, - t h a y y 
1 ra sounding will be either the component parallel to the source 
1 bipole or perpendicular to it. Comparison of the indi-viduail 

; orthogonal components at a particular site yield -the results that 
! _ • in many portions of the prospect, a conductive anomaly determined 
'• P E by the northwest conq>onent of the electric field, will be a re-
i"" sistive anomaly as determined by the orthogonal southeast compo-
i nent of the electric field. This is true of the Beowawe Geysers 

f area, the area southeast of the Geysers extending along the slope 
of the Malpais, and in Section 9 and 1 0 , T31N, R48E, where the 

j maximum gravity anomaly extends into Whirlwind Valley, These 
;w' ' anomaly reversals are again indicative of a.^very complex geoelec-

2^- trie structure that is skewing the induced electric fields, 
[ Tortunately, the vertical magnetic field is much less affected 
j. .„ by this skewing, 

"̂  Significantly, three anomalous areas did not show a reversal of 
j anomalies by different electric.:field components, The central 
|P area of Whirlwind Valley (ailong Profiles S, T and U) is anomalously 
iM conductive, the central area of the northwest trending ridge 
2 associated with the mini mt mi magnetic anomaly (Sec, 14, 15, and 33,-
Im T31N, R48E) is anomalously conductive ahd the area bordering this 
[jl anomaly to the south (Sec. 22, 23, 26, and 2 7 , T31N, R48E) is 
E anomalously resistive. ::>::...::>;;: i..:^.:s -y.Z'i'Z'i''... 

; iff Verification of an anomaly by the two electric field components 
5^ adds credence to its. existence. The conductive anomaly -within 
i _ Whirlwind Valley is expected due to the alluvial fill of the 

valley and the existence of the Beowawe Geysers and other thermal 
expressions along the front range fault bordering the valley. 

ff! The lateral homogeneity of the conductive anomaly indicates that : 
P it is relatively uniform and large in size. Conductive clays and 

thermal waters are likely to be the cause of this anomaly. 

-12-
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The juxtaposition of the conductive and resistive anomaly within 
the northwest trending ridge is of more interest because a con­
ductive anomaly associated with a volcanic ridge has fewer possiblelj 
explanations. This anomaly -will be discussed later with regard 
to the other geophysical anoinalies.;-;;:_; _:;:.. 

These two anomalies, as well as most of the -other anomalies deter­
mined by the resistivity sxirvey, appear to be controlled by the 
structural lineations in.the northeast-southwest and northwest-
southeast directions as noted in the description of the gravity --•> 
and magnetic anoipalies. The fact that all three geophysical tech­
niques locked onto these trends denote that they must be related 
to the major tectonic forces -within the areia, as would any geo-

£| thermal activity.. •.•.; ;.•-:-•.,'•--̂-;r...̂r'.•;'v•̂ -̂.--.:- ;. " -. • 

The structural lineations determined by the ̂ H^ soundings are shown 
on Plate XI, This Plate represents the contoured apparent resis­
tivity values determined by an apparent depth "of apparoximately 
2,000 meters (6,560 feet). The structural -trends as determined 
by the horizontal electric field soundings are not significantly 
different,- -.:. .•.••..•/'P--~i-''2:y;^i-:^---y----E'-^^'-s2.-:.z-;ryy'.:^:.y: 

The Beowawe Geysers areaLiscconductive and is bordered to the 
|f5 northwest by a resistive anomaly of small lateral extent. The 

resistor may be associated -with a buildup of travertine at depth, 
rg but:the gravity does not lend much support to this idea. South-
f|_ • east of the Geysers and the monadnock, the Malpais is character-
"̂  ized by relatively high apparent resistivity. Rifurcation of the 

resistive anomaly occurs in Section 16, T31N, R48E, by a small 

f conduc tive anomaly that may be related to the much larger conduc­
tive anomaly occurring in Sections 9, 10, arid 11, T31N, R48E, 

f; Elongation of this large anomaly occurs in the southeast direction 
^ and this axisjof this structural trend passes through another con­

ductive anomaly, south in Section 22, T31N, .R48E. This anomaly 
t i s coincident -with the conductive anomaly determined by the two 

electric field component soundings and it occurs at the intersec­
tion of two structural trends. Another conductive anomaly in 
Sections 21, 28 and 29. T31N, R48E, occurs southwest of the trend 
intersection. Southeast of the trend intersection is a resistive 
anomaly that shifts the southem extension of the northwest-south­
east trend to the southwest. Generally, the apparent depth to 
each of these conductors approaches 6,000 feet except at the 
following sites: J9, K13 and Q14. At -these three sites apparent 
depths to the conductor are less than 3,000 feet and nearby 
vertical conductors are expected to exist. 

S?i 

m 

^ 

m 

iu 

The total apparent conductance determined by the MT soundings are 
in good agreement -with the TDEM data. Two of the three MT sites 
•with -the minimum conductance. Til and L9 ('V/500 mhos) , occur within 
or close to the resistive anomalies of the Malpais and the ridge. 
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The •na-yi'TTwim conductance was determined in Whirlwind Valley at 
site 53 (890 -mhos), and the maximum conductance determined south] 
of the range fault occurs at 111 C780 mhos) on the edge of the 
southem, conductive anomaly (see Plate XI), Given 780 mhos and 
a section conductance of 3 ohm-m, the depth to the base of the 
conductor (electrical basement) is 2,340 meters. MT sounding 
Q15 has the minimum determined conductance for the area (290 mhos! 
and yet, lies on the valley side of the range fault and -within thf 
conductive anomaly determined by the H^ TDEM soimdings. This 
discrepancy may be explained by lateral resistivity variations 
within the surea (the two orthogonal electric fields indicated 
anomaly reversals in this area), - ̂  . : • ' ' " -

The most in-teresting area within the "prospect occurs at the inter-| 
section "of the stmctural trends in Section 22, T31N,-R48E. The 

.-'. : conductive anomaly occurring at this intersection coincides with 
y ••-'-. the elongated mini-mum magnetic anomaly that extends along the 
•̂- northeast-southwest structural trend. The resistive anomaly 
' 7 south of the intersection coincides "with a -mavfTmTffl magnetic 
\^ anomaly, and the minimum gra-wity anomaly occurs in the northeast 
,, quadrant created by the intersecting structural trends. This is 

F ^ very complex area and one that should be investigated for geo-
Ai\ thermal potential, .- : , '. 
'tis« - ' • . . ' ^ " - - ' ' r y - ' ' E ' •'• " ' .",--.:"•'" 

I The magnetic anomalies are probably due to igneous intrusives that 
pj could be related to the diabase dike emplacement-in the Cortez 
^1 . mountains during the Pliocene. Intersection of the structural 
1; trends ia a good indication of fracturing, this providing channels 

1| for water to.percolate down to the in-trusives. The conductive 
^! anomaly is not large in lateral extent, but one vould not be 

expected if a fracture dominated system is encountered. The 
existence of the conductor astride the ridge is significant by 
itself. The fact that these unusual anomalous condition are coin­
cident trr in such close proximity is intriguing and certainly 
the result of some complex tectonic activi-ty. 

ii 

I 

{ The northem conductive anomaly iri Section 9, T31N, R48E, is 
• associated -with a gra-vity maximimi but no significant magnetic 
* expression. The extreme anisotropy exhibited by the electric 

î f field sounding indicated geoelectric complexity, but its exten-
~ [ ' sion into the conductive valley diminishes the enthusiasm for 
1̂ 1 this anomaly. 

The conductive anomaly southwest of the structural intersection 
occurs -within Area IV and the int erepreted graben structure. The 
conductive anomaly shape and trend differs from that expected for 
the graben; consequently, thickening of conductive sediments in 
the graben may npt adequately explain the anomaly and add sig- • 
nificance to the anomaly. 

*;̂  -

K̂  
No other general comments regarding the correlation of the resis-
ti-\n.ty anomalies and the gra-vity and magnetic anomalies can be made 
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SUMMARY AND RECOMMENDATIONS -

Each of the three geophysical methods employed in the Beowawe 
0 Prospect; magnetics, gra-\n.ty and electrical resisti-vity, indicate 
y that this area is structurally very complex. That in itself is 

significant since large scale tectonic activity is the earmark 
^ of most important geothermal systems. The existence of hot 

J springs occurs along the front range fault and drilling has 
proven the existence of high subsurface temperature (>165®C). 

^ Areas I and II -within_the westem portion of Whirlwind Valley 
|y (see Plate III) are not believed to be important due to their 

lack of any unusual geophysical character. Conductive clays ; 
P and silts probably fill the basin area and provide a poor res- . 
gi ervoir for any geothermal sources flanking the valley. No 
''•̂  igneous intrusives were determined. More detailed gra-vity inter-

pre tation may yield residual gravity -maximums within the valley 
M that may be related to subsurface travertine deposition. 

Area III (see Plate III) is characterized by relatively high 
S apparent resistivity, and an alternating set of elongated 
jJ northeast-southwest gra-vity arid magnetic maximum and minimum-

anomalies . The minimum gravity anomaly associated with the front 
p range fault is difficult to interpret but may be due to intru-
P sives. The lack of a conductive resistivity anomaly diminishes 

interest for this area, 

f Area IV (see Plate III) is characterized by a -minimum gravity _.. 
and conductive resistivity anomaly, A general increase in the 
magnetic values occurs to the southwest but no major structural 

f features is indicated by the magnetics. The orientation and 
shape of the resistivity anomaly differs from the inferred 
graben structure, so, fortunately, the conductor may not be 

m due entirely to a thickening of the overburden. The graben may 
S be related to the graben in Area II and thus indicating strike 

slip movement has occurred in the past. The resistivity trend 
east of Area IV iridicates the same type of strike-slip movement. 

i 
'=- The conductive anomaly is aligned along an interpreted southwest 

structural -trend and may be related to the resistivity anomaly 
W northeast in Area VI. 
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Area V (see Plate III) is characterized by a minimum gravity 
anomaly extendingr, east, southeast and is interpreted as a 

L graben structure. A magnetic low extending along the northeast-
southwest structural trend spreads out into the area. The southem| 

r- portion of Area V in the vicinity of the ridge contains a general 
[ gra-vity minimum, a magnetic maximimi and a resistive anomaly. 

cr-

(••-.-. 

pt^ 

Area VI (see Plate III) is the most complex and most interesting 
of the areas. The area adjacent and south of the Beowawe Geysers 
has a gra-vity maximum, magnetic maximum and -a resistive anomaly . 
associated -with it. Drilling in this area determined disappoint­
ing subsurface temperatures at depths less than 1,000 feet (<̂ 81 C) , 

ii The existence of the magnetic -maximum -with the gravity maximum 
indicates that travertine accumulation and geothermal acti-vity 

rx were not the cause of the gra-vi-ty anomaly as indicated by the 
M drilling. The Beowawe Geysers are associated -with a conductive 

anomaly bordered by a resistive anomaly.and the lateral extent 
of the anomaly is approximately one mile. 

Ine Sections 16 and 19, T31N, R48E, a gravi-ty maximum with little 
magnetic character is generally associated -with a conductive 
asomaly. The geoelectric structure is very anisotropic in this 

iy area. The gra-vity and resistivity anomalies lie along the north­
west-southeast trending structural lineation that occurs along the 

';m volcanic ridge. The resistivity anomaly may not be as significant 
-^ geothermally because it occurs in the conductive valley fill.,.:':but 
E there is some extension of the anomaly southeast into the fault-^ 
_ block. The gravity anomaly,may be related to the extension of 
;S the volcanic ridge beneath the valley floor, but it may be due, 
•^ in part, to geothermal activity. The gravity anomaly also extends 
_ to the southwest in Section 16 and a small conductive anomaly .. 
li occurs in the southwest quarter of the section, 

; The most significant anomaly occurs south along the ridge in 
Ŝ  Section 22, T31N, R48E, A minimum gravity anomaly corresponds 

to a magnetic high and feorders a minimum magnetic and conductive 
anomaly. The'magnetic and resisti-yity anomalies occur at the in­
tersection of the significant structural trends in the prospect 
(northeast-southwest, northwest-southeast). The elongation of 
the magnetic anomaly perpendicular to the ridge implies igneous 
intrusion, possible as early as Pliocene time when diabase in­
trusions occurred in the Cortez Mountains south of the Beowawe 
Prospect. The resisti-vi-ty and magnetic anomalies are bordered 
to the south by magnetic and resistivity high anomalies. The 
complexity of the anomaly set, the possibility of fracturing 
associated with the trend intersection and the existence of low 
apparent resistivity -with little anisotropy make this area the 
most promising target for future exploration work. If this is 
a fracture dominated system, then the conductor should be en­
countered at depths as shallow as 3,000 feet. 

y i 

^16-



r. 

• t y . , . 

G^ 

m 
'•ta 

Low resistivity values are associated -with Area VI and there are 
indications from two TDEM soundings that a fracture-dominated 
situation may exist here. If this is the situation, the poten­
tial geothermal plumbing system would be encountered at approx­
imately 3,000 feet instead of 6,000 feet as indicated for Area VI. 

Two initial test holes (see Plate XI) are recommended to probe the 
thermal gradient (TG) of the area and to calibrate the geophysical 
results -with the observed geologic section. Because of the com­
plexity of this area, this calibration of the geophysical results 
is essential in order to obtain the hest results from this survey 
and subsequent drilling. These holes should be drilled in the 
order shown and to a dep-th of 1,500 feet so that more conclusive 
results can be obtained from the drill hole data. Shallower TG 
holes can lead to misleading conclusions. In one case, shallow, 
high temperature gradients can become isothermal at greater depth 
and thus provide disappointing deep temperatures or, in another 
case, lateral movement of water can produce disappointing .shallow 
TG results while at depth very high temperature gradients could be 
encountered.- After re-evaluating the geophysical survey -with the 
TG data, -two additional drill holes will be recommended. 
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