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’;A comblned ground :magnetics, ity zand electrical re31st1v1ty
survey -was -completed “in ‘the: ‘Beowawe ‘Geysers -area, ‘Nevada, by .
‘Electrodyne :Surveys of Reno ‘Nevada.for :the Getty 01l Company4of
Bakersfield, iCalifornia. ’Thls survey was :conducted :during Feb--
ruarywand.Maroh 0f 1979. Therobgectlve~of ‘the :survey :was to =
.determine ;areas :of geothermal “interest :‘within the ‘Beowawe Prospect
:-and to recommend ‘locations :of . Arill “holes to ‘evaluate ‘the ‘geo-
- ~thermal potent1a1 .0f these':areas. .“This prospect lies within

. T31N to- T32N R47E to R4BE, @and - covers approxxmately 27 :square

- ‘ d Vall: :(see ‘Plate I)..

¥ -0f 226 :ground ‘magnetics :and ;gravity :stations" were occupled
'u51ng a -grid pattern :(see Plate I).:over the ‘prospect :area. The
:;gravity .data -are ‘referenced to :a ;gravity base sstation located :at
the Lander:.County, Nevada,(alrportxand.are ‘reduced :to :a complete
‘Bouguer .anomaly “using -a -combined elevation~Bouguer .correction -

- factor .corresponding ‘to :a‘/density «©0f.2:67 :g/cm’®. Position .and

-elevation contrOlVfor'the/gravity~stationS'were determined'bywa
‘surveying -crew -using-an. :electronic idistance ‘measuring -device. -

#All gravity -observations’ :were obtained swith :a La ‘Coste .and Romberg -
‘Model D .gravimeter. ' The :gravity :and isurvey -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 fluctuatlons weressubsequently‘removed from ‘the observed

‘Three electrical‘resiStiVity‘techniqueS“were utilized because of
‘the ‘suspected complexity ;of the :area. ‘These ‘techniques :are time
«domain :electromagnetic :soundings (TDEM) 'magnetotelluxlc-audlomag-
-netotelluric .soundings .(MT-AMT), .and galvan1c~soundxngs (DC).
Plate II :shows ‘the locationssof -the 106 TDEM soundings, the "9 MT-A
AMT soundlngs :and the 5 sets :0f :modified ‘Schlumberger «(DC) soundlngs,
'Note “that ‘the ‘TDEM. and ‘MT-AMT ‘soundings -normally - occupy igravity/ ..
magnetics 'stations. ‘The TDEM :soundings ‘were -obtained ‘from .source
“bipoles 1, 3, 4, and 5 qand “the DC soundings from:source "bipoles
‘6A, 6B, 7, 18, cand 9. An additional ‘9 reSccupations -of "TDEM
soundlngs from varlous ‘source :combinations ‘were :also .completed

help « ' ‘ feffects upon. the TDEM :sound=..

:The TDEM soundxng data; ethe;galvanlc (DC)wsoundlng:curves ~:and ‘the
‘MT-AMT ‘sounding .curves are in -Appendices I, II, :and :III, PART B.of
this, report. Over :seventy~five ‘percent .of ‘the data acqulsltlon was
augmented ‘by “helicopter support :due ‘to“the rTugged terrain of the
-area, and the poor fleld condltlons Cmuddy) durlng'the late winter
*months e . .




n soccuring “tens
i(late ;Devonian o s
"ﬁblage ‘was ‘thrust over ~h¢. ‘ s'semblage B :E’;n.carbonate roc"k.s
~':Near-shore marine onglomerates;:and,dolomltes were’ unconformably

s ed in :early Iertn.ary t:.me In Cenozo:.c t:une rhyodaclte flows .
-were .extruded .and'diabase d:.kes ‘were': emplaced “inthe :Cortez Moun-
“stains (approxmatély ‘15 miles™ #0f=the :prospect sarea):
) dur:Lng t ‘ Normal. ault:.ng also began zdurlng the Ceno- -

Most of the ‘fault block withinthe prospect-is covered by extru-
.. sive wolcanic :rocks (rhyodacite?)-with :the sexception -of western:
.. .assemblage sedmentary -rocks thatsoccur :in:the vicinity -of 1515,
- 'T32N," and R4YBE.=A™ south-southeast:-:'trendlng ‘Tidge -extends through
‘this assemblage :0f rocks Ffrom:the northern portion .of ‘the 'Shoshone
~'Range and terminates'mear the ssouthern ‘border :of :the prospect.. Hot
‘.. springs +and marcmade._geysers? (steam wells) . occur .along the Beowawe
.- "Geysers fault scarp in.S17,:T32N,and R47E with" less actlve geok
:"’,"thermal pools ‘occurring’ north-northwest :0f ‘the ‘geysers.: 'The iz
‘average maximm 'temperature: ‘determined - “during the :drilling -of -the -
magma wells -along the fault scarp swas 210°C.’ “Much..lower .tempera-
tures ‘were -encountered 1,200 feet south iof -the .fault scarp (<100°C)
 Estimated-reservoir temperatures -determined -from the ‘hot ‘springs
‘are between .196° :and:252* C{:(Hose and: ‘Taylor, -1974) . ' A‘horst-type.
“structure occurs :southwest :of the ;geysers :in. thev-aadJacent :section
~and -extends :along ‘the Ffault :scarp. The iexistence of ,geothermal
-ractivity in 'the iarea is ‘evident .as’ 1l:.as a- : :
.al :setting




RAVITY ‘SURVEY ‘RESULTS

Bouguer map
The gravity- .
generally ~trend xalong a [northwestasoutheast qr southwest—northeast o
_The prospect ‘has ‘been “
vi

. f+the ‘__Wh:Lrlwn.nd Valley gradually decreases to ‘the west
,and. north in :this area sas indicated .by the generadl ‘increase :in ‘the
~gravity.values. - ;This graben_ :should“be- ’s”hallow -as indicated ‘by 'the
small amplitude ‘of the .gravity ‘anomaly {(v1u4- '8

East of Area T & gravity minimum :of ;approximatel 22 ‘mgals occurs
.and ‘is ‘interpreted .as .a ;graben:structure. Closure :of ‘the- anomaly
“to ‘the -south :and least is accompl:.shed by ‘a"set «of two ‘maximum . --
;gravity . anomalies “(Area VI) :associated with the front:‘range*fault
--and ‘a morthwest trending :r::Ldge “The larger- f «the :two maximum ‘"
-'gravity -anomalies may ‘be due-in-part ‘to “the -extension_ of -the *r:Ldge
“beneath the valley floor; consequently, “the western portion of
Whlrlw:l.nd Valley may be hydraullcall“y isolated :from- the seastern

'anomal:l.es elongated “4n :a northeast-southwest .direction.. “The - gravsy -
ity relief in:this area. exceeds 2 mgals :and occurs ‘Wlthln 4,000 .
,Afeet -of "horizontal -distance. The :re‘latlvely 1arge amplltude and <
_ high frequency :content -of the major ;gravity minimum is indicative
«of :a :shallow -volume :0f low. density material -extending :dlong The

. front ‘range Tault. JIgneous :intrusions .along ‘this -portion .of :the
" fatlt -could - explaln this ‘unusual. anomaly, ‘but ‘more detalled 1nfor-
-mation ‘would be. requrred to ‘be :
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'Its saxis gs also J.nterpreted‘ rto “be FAn“the northwest
e - \ _ £ o single

“deepeningiof "
,The front range fault and
order this ;

: : t complex :area
‘ - Th:.s iarea. extends northeast -and «east’ :along.
,the *front range ;Eault ,:Erom the monadnock 'structure (Sec.,, ‘

- oh1

anomal:Les trend in a northeast dlrectlon with “the second and 1arger
~of the two .anomalies extend:l.ng :also in:a morthwest :direction.
mentioned above, this ‘extension -of “the -anomaly into Whirlwind

" ‘Valley is .associated with “the northwest ‘trending: ridge :and indies

. scates ;an..extension..of the *rldge beneath the valley ito the Shoshon

east is found 4An. Sectlons‘ 22 and 27 Just to the west eof the‘ rn.dge
R .of 1lava flows.-’ A dens:n.ty “low with“relatively‘high' contrast (4to-!

5 mgals) is found in ‘the-southern thalf .of Section.15. This
:corresponds .closely to . an eroded «cirque-like Feature.: It :
. poss:L'ble that ‘this feature 'is -an:acid volcanic {(granite)- 1nt::t:us:l.ve.-_.-
-."1f -this is -the :case, it :should ‘be :of -much -greater -age ‘than “the™
‘basic Tertiary 1ntrus1ves of :the -area. :North-of the ;gravity mini-
__mum ;s an outcrop iof ‘Paleozoic western ‘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 iarea.
" 'The.density -contrast between the two :could explain the ;anomaly,::
“-but ‘not the ‘maximum-gravity ianomaly ‘that ‘is ‘also :associated:with
the 'Paleozoic outerop
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'*;wel ls or -

Fault’ d:.pp:l.ng t-
27,,,and ”16

t:Lons 22

J .
‘then be a "hnb iOf tectonlc‘actlvz.ty-*:l.n’

"locatevdl :




"The ‘magnetic :survey map {(Plate _WIV) »shows :a :sectioning 0f - .'he <
‘prospect’. -area sm:.lar “to sthe )gravity map idiscussed above.: The
ontrol ;1 eations ;are :shown .on the map ,_~.;‘- L

k‘;It -is ‘noteworthy :that a. e=po nt - anomalles g
'~ that vary by..over- 500" gamnas w:.thin “the prospect .area.  The Te-
L glonal ‘aeromagnetic map “of *the :Crescent ‘Valley - (Figure 2) does :

- fnot mdlcate an}f' «such var;.atn.ons 3 therefore these ~r:moma.l:u.es must

e

Area I . a Fashion isimilar :to :the ;gravity wvalues, ithe" magnetlc
-values generally incérease “towards:the :Shoshone Range “(west :and ::o:
northwest) J.nd:.catlng a- *shallow:.ng-of “he "basin. as sexpected. The
“two ‘maximum magnetic -anomalies ‘in ithis :area :(Sec. 12, zand Sec. 23,
-‘T31N RlﬂE) overlie “‘the tgo max:.Lmum ,grav:,ty anomaﬂ.:.es sand- suggest
in e :basin :d

Both :of ‘the ;possible northwest~ trend:x.ng _graben
'strucutures of these ‘two "areas ‘occur where ‘there “is:a minimum of
‘magnetic variation .(less ‘than 250 ‘gaimmas .chanage). - A explanation
for this diminished magnetic variation is that there 'is :a consid-
‘erable :amount of . rsediments . -deposited ‘within :each ;graben (more “than’
: 2 500 feet) “Deep -basins’often sexhibit a lack :0f magnetlc var:.atlon. :

Area III series -of’ lternating maxXimum : and, minimmm - anomalles
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" d:l.rect:.on, but :the minimum magnet:l.c .and : max:.mum
gravity . anomalies ‘are :associated -and “Vice -versa. 'The Malpa:.s
. is .composed : .of “a :series of -rotated *fault blocks ‘with ‘the maximum
magnetic wvalues being :associated wwith the :crest of the fault blocks, .
and the minimum magnetic :anomalies :associated ‘with :the:alluvial
‘ “filled ‘troughs screated by :the-rotated .fault blocks. A :distortion’
.+ :of the direction -of ‘the ‘maximum magnetic :anomaly occurs ‘in Sections
Z0 . '17, and 118, "T3IN, R47E, and :is ;probably .due to the /effect of the
' thermal alteration. of: the .rocks' in :the -area by“the thermal sprlngs
'at the Beowawe “Geysers

i




¥
38

the'Dry Hille ‘and Centrdl Crescent’
'Magnet;p contours”show total ‘intensity magnetic field
of the’ earth “in" gamma.

7 ‘Contour interval is 50 gammas. ‘Scale is . -
-1 250 000 (after‘Phllbxn, et_al,, 1963)~w I




Areas V :and VI - ‘The magnetic ;anomalies -within ‘these :two .areasiare-"
.. .controlled by :the two :structural «control lineations (northwest- = .-
. -'southeast ;and - southwest-northeast) :ag Shown inPlate. IV :and - R
-generally ‘correlate with ;gravity :anomalies of .. oppos:.te wsign : Three :
:sets .of maximum-minimm magnetic’ ;anomaly-pairs ‘occur :along ‘the-
.. sextension of the morthwest. trending “ridge, :and- nearly :all “the
.:anomalies are:€longated iin:the northeasterly direction:’:The-
. scentral minimum : :anomaly ‘is ithe "largest :of ‘the minimum : ;anomalies -
- “in :size -and.:amplitiude and :is. ,hordered;,y TWO max::.mum ianomalies. .- -
“ithat .contain ‘the largest “positive :anomaly walues.  ‘The total; mag-
‘netic ‘felief is’ greater’ than' 1, 700 gammas The northern ‘maximum
anomaly -An Sectlon A5, '?‘;’I31N ' :

2 magn iation ‘diminishes unt11 Y
nearly half«way across "Whlrlwmd Valley, sat which time “the mag- - .

. mnetic:wvdlues increase s “interesting ‘that ‘this lack «of:
"magnet:.c ‘characteris co:mcn.dent_ with 'he maximum’ grav:Lty anomaly..- -
"The ‘other grav1ty ‘maximum “inSectio JET31IN, “R48BE, “is \;cornc:.dent S
with .a minimum magnetic :anomaly, .as he -monadnock tructure.

“Normally, maximum:and :‘minimum-magnetic :and jgravity .anomalies .
. ’scorrelate ‘because ‘the low «density :sediments -that ‘cause “the: grav:.ty-‘
" lows cover .and "diminish ‘the : ©strength iof .the ssubsurface ‘basement -
'‘magnetic ;anomalies.’.:One :situation’ swhere ‘this -does mot shold true

... s in areasof: secondary deposz.t:.on“‘of ‘travertine :or :sinter by.:
~_‘thermdl waters.. ‘Maximum :gravityanomalies :will be created :w1th -
“wery little’ tmagnetic -signature.:"This 4is:notthe : 1tuatlon go b O

. i11ing by ‘Magma -and ¥
‘.5251erra into this -anomaly i(1,200 feet ssouth iof - “the Beowawe :Geysers).
 “produced ‘the .poorest results of - their .drilling program - 81 C
wversus 184 -C_just morth’ of ‘the magnetic low-gravity high. .anomaly .
(Hose and ‘Taylor, :1974) . The lack :of ‘magnetic :signature with the
- .,.grav:Lty anomaly -east .0f" the - reysers icould ‘have ;geothermal s:Lgm.f:L-

"The magnet:.c :anomalies .along ithe northwest ‘trending -ridge could. be
-related ‘to igneous- 1ntrus:.ves which :could :act -as ‘potential ‘heat

;.. -sources “in the .area.: - The .f»':mtersect:l.on .of “the “two .structure control
. 1lineations in- Sectlon 22, °T31N,~ i swould become a: «drilling target
= "because 0of the: potent:.al fractur vcreated b_y 'ztectom.c act1v1ty
. ;.»»at the ‘trend intersection: -

ing




" "The galvanlc ;,(DC) _res:.stlvity ngs i( gures A hrough~ An
Appendlx I1,7PART "B) dndicate d:hat @ highly variable -upper geo-

 logic sectlon -exists ‘within ‘the prospect. : :The soundings ‘to:the’
+north -of. the fault :scarp, ;performed \along :BoUTCE ‘Tocations -8 and

-9, indicate :subsurface" wvolcanics :near-:the. fault scarp .and ‘the -

" monadnock near -the :springs .~ :Further sout 4n the ‘basin,. con81der-‘
.able thicknesses -of ‘clay-alteration “‘and :playa-type depos:.tlon

. :are expected ;:and ‘indicated by the 1ow ;apparent Tesistivity values

. “dn the ‘valley.: - Both of these types :0f .deposits may be:a iflew .

- thousand feet :thick: and must ‘be ‘penetrated. before "reachlng a8

) ssoundings to “the ' -performed ;along
_:sources 6 :and 7, ‘indicate -a very: th:.n fover'bnrden 100 :to 200 feet
-0f fractured “£lows ‘and - :alluvium,-which :are: amderlain by :a ‘resis-
tive section {(assumed :to correlate 'with :competent wvolcanics) with
‘thicknesses greater ithan :a few ‘hundred ‘feet. 'There -may be -some
“lateral mon-competent -channels sawithin ithis ;general resistive -
-~zone ‘that 'may locally " carry ‘heat saway from .an :areagof’ :Lnterest.

- "Therefore, we “recommend jan’ J.n:Lt:Lal ‘fhermal ‘gradient (T.G.)::drilling
. ;program :to :depths «of 1,500 feet ‘One *should «expect :some :slow
"drz.lllng hrough the ':Lntermed : ‘

sne : A
-.,I(E ) scalar MT (0.~02 - 0. Y6 Hz) AMT measurements ‘throughout
: the prospect dndicate an .even. more complex picture than :the gravity -
" -and ‘magnetic investigations. suggest "This .complexity 'is :shown by -
-the Hz .and E, apparent resistivity profiles (Plates V -'VIII). A
. brlef ‘summar of ‘the .data reduction "procedures is in Append:Lx I :

' 1.,'(1).,_-, Lateral.,res:x.stlvz.ty<:var1atn.ons are very ‘common in- the
I+ .. ‘prospect .area, “and the 'inferred ~<geoe1ectr1c ~»structure~:Ls
very complex~ ;

(2) The apparent res:Lst:Lv:Lty values -.:encountered z.along the

Hy proflles ‘are greater "‘:than the correspondlng values.

P Z e B

. fr(3) “The vertlcal component of :the magnetic f:Leld W:Lll couple
‘best ‘to large, ‘horizontal .conductors :and should ‘be used as

"Qan :Lnd:Lcat:Lon :sof anomalous resn.stlvz.ty character.,
_'i»=(4) | .’The"Eg":_‘proflles exhlblt'morelateral res:n.stlv:.ty varia-
. v"tions and _less proflle to—proflle ‘continuity than.the corres-

, vgy P C _ S

: rofiles H, L 5, and 16)




W-NE) normally ex‘n:.b:Lt wpposite aanogalous *resistlvity char- )
sacter,, He., :stations @long :the NW-SE Profiles-will'be <anom- "

:alously resistive :while the :same- «stations lalong ‘the SW-=NE -
: f?roflles.(will ‘be _e.nomalously _conductive'and vice - ersa (see i

: /(6) “'Three ;areas “within"the prosp . S

. -previous :observation i(#6), “ie.’, “both the : components (the S

. parallel ;and perpendlcular) .atia :station = h:.bz.t *s:.m:.lar -
.anomalous .character,: These three areas .are ithe :central ;por-

. tion ;of Whirlwind: Valley, .jand:the“central and :southern: por—
:tions .of :the morthwest :extending’ j’:rldoe (Sec “4TLS '

‘-26 and 27, “T31N, RASE- ‘SeePlate: Pl

. : ic ssection is
encountered :at :depths «of . approxmately-.zﬁ ‘000 feet :on the Mal-
:.'pa:Ls w:.th :some ‘areas : dlsplaylng: anomalous conductance at - :

"The: Ncomplex:l.ty ‘ :
- sspect is readily 'shown ‘by <the: large number -'fr‘lateral res1st1v1ty
-variations which -occuroverishort ‘horizontal :distances (less. than
71,300 feet :in many - ‘cases) and ‘the .different ‘types -of ‘sounding -
curves -determined ‘by ‘the “TDEM soundrngs ““Generally, “the -curves: -
-can be classed -as two types: Q (,p1>p2>ps) ;and X (p1<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
. wery .obvious two ‘and ithree .dimensional. sstructural relatlonshlys
- .affecting sthe "TDEM . soundmg :curves), o ;precise :curve matching ="
techniques ‘were employed “in- :mterpret:.ng sthe .data. :The estmated
depths .and ‘resistivities :can be .0ff by:over 2007 given 'the lack '
.- -of "horizontal homogeneity . -and swould thave "Tittle :relevance :to:
L portions :of ‘the jprospect: ‘where . the geoelectric structure it
" layered, ‘but wvertically :standing. " However, ‘this does mnot:alter
‘the fact that the ;profilesand "TDEM :soundings :can ‘be used to
' delmeate :areas of anomalous tructure iand. onductance .

,,,,,,

*-f’Sound:Lngs such as K1 :
_.apparent depths, ;and which :are :ElanLed by ‘more :resistive :sections,
“indicate the poss:Lble existence :0f vertically standing :conductors.
“Such verticdl structure :should ‘be :related :to ‘fracturing -or faulting
- within the subsurface ‘with mineralization or :thermal :fluids. along
- 'the ‘structure prov:l.dmg *the'anomalous ~fconductance in ‘the:




Indirect -evidence ifor ithe prevalence T :such structure within the
- “prospect 4is provided ‘by the 'TDEM :sounding results. “The stwo : sound. -
. ing :types :used, the ‘horizontal .electric rand verticdl :magnetic: : :
" :soundings, :are ‘sensitive o «different iconductive targetss .
~electric field :soundings ‘are -more ‘sensitiveito-vertical qconductors
- than 'the wvertical: magnetic ;component swhich" s more"“* eneitive to.
- “horizontal :conductors:::‘The ‘fact: ’that*“the; .
-..more conductive :than ithe H. -Profiles, 3
~resistivity variation, indfcates ‘the_preaominance *of "vertical .con-
ductors in .the :area. ;For this reason, the vertical *magnetic
:sounding ‘Profiles ‘were utilized ‘to indicate ‘the ‘most. 'interesting
. starget -areas ‘because :they'should ‘differentiate ‘better ‘between ‘the_ S
~:Lnszl.g'nificant onductivetargets :

Another indication -of ‘the.complexity wf :the ;geoelectric structure
"“is shown by comparison -of ‘the E. :soundings  in the ‘two:orthogonal . - .
"..directions. ;;:I.‘he*;plotted ‘fesults iare ‘the ‘horzontal. electric. :Eield -
:soundings mormal to-ithe ‘_particu'lar “profile;
‘ssounding will ‘be :either ‘the :component. paral el-to ‘the-sourci
‘bipole -or- perpendicular w0 At '»faComparison :of :the individua: B
-orthogonal ‘components .at a- particular «site yield ‘the Tesults that .
- 4in -many -portions -of ‘the ‘prospect, :a iconductive -anomaly determined =
-'by 'the northwest :component of the .electric: “field, swill be .a re--
:sistive .anomaly -as - determined ‘by :the «orthogonal : southeast “Compo~
mnent of the relectric ‘field, “This s true :of :the ‘Beowawe Geysers -
area, ‘the :area southeast” -of “the ‘Geysers sextending *along ‘the slope
.6f the Malpais, z:and. 4n "Section 9 :and 10,-T31IN, R48E, where ‘the : -
maximum ;gravity anomaly sextends “into: Whirlmd;‘Valley. ’ “These &
anomaly reversals .are again ‘indicative iof d’very ncomplex geoelec-g. §
tric wstructure -that s :skewing -the jinduced. electric f’elds £
‘Fortunately, the 'vertical ~'magnet c “field ds >
by t.th'is ‘

Significantly, three -anomalous .areas ‘did not “show ‘a reversal: o'f'
.anomalies by .different :¢lectric field icomponents. +-:The" :central .

.area of Whirlwind Valley :(along Profiles:S,.:T :and :U) s anomalously
.conductive, ‘the central .area :0f ‘the morthwest trending ridge - .
aassociated Wlth :the minimum magnetic anomaly (Sec 1ds;-15;-and . 33~~—-

.anomalous ly resis ti é

"'Verification of :an ‘sanomaly ;by ‘the “two electric “field “components
:adds credence to its existence. The :conductive .anomaly -within"
‘Whirlwind Valley is expected -due to -the -alluvial: £ill .of ithe .~ -
valley and the -existence of ‘the Beowawe :Geysers :and :other ‘thermal
‘expressn.ons along ‘the front range fault bordering ‘the - alley. . '

" The lateral homogeneity of.the ‘conductive ’“anomaly indicates ”that
J4dt is relatively: uniform and large 4in size.. Conductive :clays. and
‘thermal waters .are ‘1ikely :to“be the :causeof ‘this :anomaly.;




L The _juxtapositlon' OF he ‘conductive :and Tesistive anomaly with:Ln
:the ‘northwest -trending -ridge “is :.0f more interest because :a :con-
:ductive anomaly :associated -with:
',explanations - This anomaly w:.ll]

:The total . apparent “conductance zdetermlned :

it
2
[

wvolcanic ‘ridge has fewer. poss:.ble
e -dirscussed :later -fwith'_jregard

- -mined by the resn.stlvity 1survey‘, ‘appear ‘to: ‘be “controlled by the
‘- -structural lineations “in=the northeast—southwest -and ‘northwest-

:southeast .directions :as moted in ‘the :description .of :the ;gravity -«
-and ‘magnetic :anomalies,. . The fact. ithat «all three. ;geophysical tech-

-niques locked .onto ‘these trends .denote ‘that fthey ,;nust be related

to ‘the maJ or tectom.c forces wi th:m he

H. soundings are shown

. : )y
- “on Plate XI. . :[‘h:.s Plate -represents #the’ ’??contoéred -apparent resis-
. stivity walues ‘determined ‘by san “apparent epthof. apparoxmately

:-2,000 ‘meters (6,560 feet)..--The :structural-trends “as .determined
by the ‘horizontal - electric field soundingsare hot 1gn1f1cant1y
d:.fferent :

The ‘Beowawe - Geysers ;area:iscconductive wand “is ‘bordered to the

~ morthwest by .a Tresistive :anomaly :of :small lateral sextent. ‘The

Tesistor may be associated with a ‘buildup:of travertine at .depth,
“but -the gravity :does mot ‘lend:much ;support =to :this. idea. :South-
«east of .the Geysers :and ‘the ‘monadnock, :the Malpais is .character-
ized by relatively high : apparent resistivity. " Bifurcation of :the

., resistive anomaly :occurs ‘in iSection 716, ‘T31IN, :R48E; by -a :small
. .conductive :anomaly ‘that 'may ‘be related ‘to’
» tlve anomaly occurring dn Sections 9, ;

the Lmuch 1arger conduc-

‘ Elongatlon of th:.s 1arge xanomaly .occurs in ‘the southeast direction

.and this .axis:of ‘this 'structural trend passes through -another con-
‘ductive -anomaly zsouth in .Section .22, T31N, R48E. -This .anomaly -

is coincident with the :conductive anomaly .determined ‘by :the two
;electric field .component :soundings and 7it “occurs .at ‘the intersec-
tion of two :structurdl ‘trends,. - Another conduct:.ve -anomaly in-
‘Sections 21, .28 and 29, T31N, 'R48E, ~occurs isouthwest ‘of :the trend
intersection. -Southeast of -the trend intersection is -a resistive
anomaly ‘that .shifts ithe southern ‘extension of :the’ northwest-south- 4

east trend to the :southwest," Benerally, the: .apparent .depth to - .-
«each of :these :conductors approaches 6.,/000 feet :except :at ‘the =

following sites: .J9, K13 sand :Ql4. :At these three :sites .apparent.

depths to ‘the - conductor ‘are less than- 3,000 feet vand nearby

wvertical conductors :are .expected “to - exist

y <the MT - sound::.ngs are
Ain :good :agreement -with-the TDEM data. 'Two :0f the ‘three MT :sites

E mth the minimm -conductance, Fll :and- L9 «(~500 mhos), -occur within

‘or .close ‘to ‘the resistive anomalies -of -the Malpai fand the r:.dge_‘ L
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“*"The ‘maximum ‘conductance was :determined in‘thrlwrnd’Valley«at
~site 53 (890 mhos), ‘and ‘the maximum :conductance determined south
of ‘the range fault .occursat I11l %JSO'mhos)fon the - edge of ‘the -

*southernfconductlve anomaly Csee X : ,‘;

Hs MT*soundlng
- ; ; «conductance for the,area {290 mhos)_
and yet, :lies con the valleyside: :0f =the ‘range fault :and within the"
suconductxve“anomaly .determined ‘by “the H,, 'TDEM isoundings.: This - -
- «discrepancy /may . ‘be :explained ‘by. latera%,res;st1v1ty'varlatlons

,JW1thIn the -area (the*two -ortho ondl selectric :fields “indicated

L ‘most .interesting ar a;WlthIn.fhe,prospect oceurs at. the 1nter—'
'section’ of- the structural trends 1nu ectlon 22,hT3lN R48E The

++south .of “the/intersection :coincides s th a*maxlmum“magnetlc ‘

- “.anomaly, -.and :the ‘minimm igravity :anomaly ‘occurs in- the“northeast

. 'quadrant - created by :the intersecting:structural trends.. This is
rand ‘one ;that should "investlgated for ‘geo-

The magnetic :anomalies - probably «due *to “igneous 1ntru51ves that
 .could be ‘related :to ithe . {diabase :dike semplacement iin ‘the Cortez -
" mountains ‘during ithe Pliocene. “Intersection :of the :structural
“trends is :a ;good 1nd1cat10n*of:fracturmng, ‘this ‘providing .channels
- for water to- percolate :down to “the “intrusives.. 'The :conductive
-.vanomaly i6 mot large “in:lateral :extent, 'but$one~wou1d"not ‘be -
expected if :a fracture ‘dominated- systemwms)encountered “The .
" .existence of the «conductor :astride ‘the ridge is. s1gn1f1cant by
-itself. 'The fact that these unusual :anomalous condition .are coin-
-.c1dent or_ln :such close. proximlty is 1ntr1gu1ng -and certalnly

‘The morthern .conductive anomaly i . 4
. ‘associated ‘with .a igravity maximum ‘but no 31gn1f1cant'magnet1c
. -expression. ‘The -extreme :anisotropy -exhibited by ‘the electric
~field sounding: ‘indicated ‘geoelectric :complexity, 'but its- exten-
-.-»sion into ‘the: conductl‘e*valley :diminishes the - nthu51asm:for
",thls anomélyw : ‘

”The conductlve anomaly southwestfof'the .structural Intersectlon'
occurs within Area IV:.and the interepreted grabenstructure. The
" :conductive :anomaly :shape :and ‘trend -:differs from ithat .expected for
- the :graben; -cornisequently., ‘thickening -of :conductive sediments in
" “the graben:may not adequatelyAexplaln 'he'anomaly and - add 51g-.
ifi ~ ‘ .

.'No -other general.commentS'regardlng he correlation :of ‘the resis-
tivity .anomalies .and. the ;gravity .and :magnetic: anomalles ‘can be made




‘Prospect; magnetlcs, grav1ty»and electrlcalgre51st1v1ty,_1nd1cate_.‘
:that this :area 1sNstructurally*veryacomplex.u\Ihat in itself is™
:significant :since large :scdle ‘tectonic :activity -is ‘the -earmark -
of most important :geothermal :systems. ‘The iexistence 0f ‘thot-
«Ssprings :occurs :along the front range Ffault :and -drilling ‘has
%proven the :existence «0f thigh subsurface ‘temperature_.(>165°

;Areasll and IIswithin:the estern portion :0f ‘Whirlwind Valley-
(see Plate 'III) :are mot ‘believed :to “be" dmportant :due ‘to their:
lack -of :any unusudl :geophysical «¢haracter. ‘:Conductive :clays.
and ®ilts probably :£ill the basin :area -and ‘provide :a poor res-
:ervoir for .any .geothermal :isources flanklng ‘the valley, ™MNo
~.igneous intrusives were :determined..’ More :detailed .gravity. inter-.
pretation may yield:residual ;gravity maximums within the*valley
that may be related ‘to :subsurface ‘travertine deposition. '

Area III (see PlateAIII)~' 1y ‘hi
:apparent resistivity, sand an. alternatxng set of elongated
northeast~southwest : gravntykand ‘magnetic :maximum ;and mxnlmum; R
;anomalies. "The minimum -gravity -anomaly -associated ‘with 'the front .
Tange fault is difficult :to interpret but may ‘be .due to intru-

sives. The lack :of a conductlve resistivity -anomaly dxmlnlshes

1nterest for thls .area :

"_Area IV (seefPlatevIII) “isicharacterized a"mlnlmum“gravity -
.:and :conductive res1st1v1tyxanoma1y.-eA:general increase-in ithe
‘magnetic values :occurs :to the :southwest but mo: major structural
feature: :is ‘indicated ‘by ‘the magnetics. “The orientation :and:
-shape. of ‘the resistivity :anomaly" differs Ffrom ithe inferred
.graben:structure, -so, .fortunately, -:the iconductor may" -hot “be*:
-due ventirely ‘to a ‘thickening :of -the. :overburden. The :graben‘may
‘be related ‘to ‘the :graben in :Area II :and :thus. lndlcatlng,strlke
:s1ip ‘movement ‘has .occurred ‘in the ;past. ' The ‘resistivity :trend
east of Area IV 1nd1cates thevsame‘type of strlke—sllp'movement.

‘The - conductlvetanomaly is allgnedfalong an- 1nterpreted .southwest
'structural ‘trend :and may be related :to the resxst1v1ty anomaly
northeast in. Area?VI‘ L
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,Area VI (see Plate”III) 4s ‘the mo
-of ‘the .areas.. .The :area. :adjacent ;and :south :of ‘the Beowawe Geysers

-countered at depths as, shallow -as 3,000 3

Area V (see;Plate*IIi):isﬂcnarecterizeﬂiby :a minimum gravity .

:anomaly - -extending: .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. :southern

”portlon :0f .Area V .in the“v1c1n1ty :0f the ‘ridge contains :a ‘general

grav1ty m:Ln:Lmum, a magnetlc maximum :and

resxstlveaanomaly..

acomﬁlexﬁand most interesting

has :a grav1ty maximum, “magnetic maximum .and -a resistive -anomaly .
associated :with it. ..Drilling “in this .area :determined. dlsappornt-

-ing 'subsurface ‘temperatures .at :depths less ithan 1,000 feet" (<81 C).

The existence -of ‘the ‘magnetic maximum with "the grav1ty'max1mum
indicates that ‘travertine.accumulation :and ;geothermal .activity -
were not the cause of ‘the :gravity :anomaly as indicated by .the
drilling. 'The Beowawe Geysers<areyassoc1ated with -a :conductive .
:anomaly bordered by :a ‘resistive . anomalygand the lateral :extent: ..
of ‘the anomaly-ls)a prox1mate1y*one> :

Ine Sectlons 16 .and 19, 'T31N, QRABE,,a4grav1ty'maxrmum'w1th311ttle
magnetic character "is: generally -associated :with a conductive .

agomaly. The jgeoelectric :structure is wvery :anisotropic in ‘this -
area. ‘The gravity :;and resistivity :anomdlies ‘lie :along the morth-

west-southeast trending structural lineation that :occurs .dlong ‘the

volcanic ridge. 'The resistivity . :anomdly smay snot ‘be sas significant

' geothermally because it :occurs .in the conductive wvalley £ill;but

there is isome -extension :0f ‘the :anomaly :southeast ‘into the- fault- )
block. 'The:gravity :;anomaly may ‘be .related to :the :extension .of -
‘the wolcanic ridge beneath ‘the walley /floor, “but ‘it :may ‘be :due,

.4dn part, ‘to geothermal :activity.- The&grav1tyaanomaly :also. extends

to the southwest in Section 16 :and:a .small conductive anomaly
ocecurs 1n the southwest ‘quarter of the sectlon.l;ba_-

‘The most s1gn1f1cant anomaly ‘occurs ssouth along the ridge in -
“Section 22, T31N, ‘R48E, -A minimum ‘gravity anomaly corresponds
to a magnetlc hlgh .and borders :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 - perpendlcular ‘to:the ridge implies. 1gneous
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
.complexity :of 'the .anomaly .set, ‘the ‘possibility -of fracturing
:associated ‘with the trend intersection .and :the - existence :0f low
-apparent res1st1v1ty with little :anisotropy make this :area the
most promising ‘target for future :exploration work. If ‘this is
a fracture dominated isystem, -then :the conductor should be en- -




“high ‘temperature :gradients :tan

;Low re31st1v1ty ‘values iare - assoc1ated"witheArea=VI<and thereﬁare
‘indications from. twoiIDEM~soundings*thatca.fracture-domlnated
situation :may -exist ‘here.  If :this: i

, s ithe :situation, ‘the poten- o
‘tial ;geothermal- plumblngzsystemswould'bewencountered;at :apPTrOX-
lmately 3, OOO*feet,lnstead of :6.,000 feet“aszrndlcated for -Area VI.

“TWo:initialitest“hdles (seeﬁPlate?XI)uare“recommended to probe ‘the
‘thermal -gradient (TG) «of ‘the :area:and :to«calibrate the :geophysical
‘results ‘with the ;observed igeologic :section. ’Because -0f the com-
plex1ty .0f :this :area, this :calibration :of :the :;geophysical results

is vessential in- order ‘to.:obtain :the ‘best results from thlsysurvey

-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,obtarned “from ﬁhe.drlll hole<data. ‘Shallower “TG

“holes ican ‘lead to:misleading:conclusions.” . In ‘one :case, :shallow,
‘become ‘Asothermadl :at greater ‘depth
.and thus provide disappointing :deep temperaturesor, in -another
:case, lateral ‘movement :of ‘water :can-produce: dmsapp01nt1ng shallow
“TG ‘results ‘while :at :depth very ‘high ‘temperature .gradients .could be
-encountered. .After re-evaluating the geophy51ca1 ;survey Wlth :the

TG .data, rworaddltlonal drlll holes be“recommended
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