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GEOLOGY A~iD CW?HYSICS or TIlE srit''I'tU=i~: fJ,FT R1VER Vi'...Ur::Y 

GEOTHERHAL AREA, IDAHO, U.S.A. 

by 

PaulL. Willi.::::us, Don R. rt.::hcy. Adel 

Donald B. Hoover, Kenneth L. Pierce, and Steven S. Oriel 

U.S. Geological Su.rveYt Dem,;,,;: .C01vrado80225,U. S.A. -. 

Introduction 

A flow of about 2,000 litres per minute of water at botto~~olG 

temperatures of 147°C has been produced froe G lS26-m=tre-d~~~cll-

cocpleted in the Raft River Valley, southern Idcho. early in 1975. 

well was drilled after an integrated geologlc~~b~0physical and hydroiogic ~ 

exploration program begun a year and a h~fc==lic~ by the U.S. GcoloG~c~l 

Survey in cooperation with the Energy Rcscar~-~~d Development Adcinictr~tion 

(EP~A). Drilling of additional wells Ie nov (~illy 1975) in progrese. 

The southern Raft River Valley near Bridge, Idcho (fig. 1), was 

designated a K!}Q.tc"l2cGeotherm:ll Resource Are::. (KGRA) in 1971 by U.S. 

Geological S~rvey (God~in and others, 1971) on the basis of two shallow 
"<'-_~~_c-

wells--Bridge and Crank--that flow boiling water (fig. 2). Tne boiling wells 
. 0 

and geochemical thermoffi2try suggesting temperatures of about 150 C at depth 

had sparked ERDA I S interest in the area as a potential sHe for an 

experimental binary-fluid geothcr::::::l power plant. The Geological Surver_ 

studies ~~re undertaken to provide B scientific framework for evaluation of 

:he reSOL:[ce and to ( st lile applicability of variom; geophv C 

eecl niquf to the' at ·1· ,( te s \ Ils . 
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Figure l.--Mep of the Raft River Valley 
region, Idaho and ULah. showing major
faults (bar and ball on do~~thrown 
side; arrows indicate relative direc
tion of movement) and anticlines (Jim 
Sage Y..ountcitl9 only). 
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I 
.J The Raft Rivp;- V;t}1 0 v js part of an arC'3 mapped geologically in , 
I 

I 
Geological jurvey neve been carried out over a period of four decades 

(Stearns and others, 1938; Nace and others, 1961; Mundorff and Sisco, 1963; 

also Walker and others, 1970, in cooperation with the Idnho.Departcent of-

Water Admini~~ration). Geochemistry of the water from the Bridge and Crenk 

wells is described by Young and Mitchell (1973). 

3 
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Wt:' think the following CeDI ugical Sur vey c('lltt~ t. J. P. Hufflpr 

gave varied and genprous support throughout the ctudy; E. G. Crosthwaite, 

Eugene Shuter, and W. Scott Keys made drill core end hyd~ological data 

immediately available to us; H. R. Covington, D. H. McIntyre, end P. W. Schmidt ___ 

contributed t6 surface mapping and subsurface studies; D. B. Jackson and 

J. E. O'Donnell did part of the resistivity study and a telluric current 

survey, respectively. 

Others who contributed valUable inforn.ation. data and assistance are 

C R Nichol ~ "Rni~1' St2.~" I'"i,.", .. <,~" ••• ··r~t._ r_3¥:fith" ERO'A' J ---r Kunze 
•• ';:-"i .- - --'- '- '...L ......... - .. -----J' '-'_ ..... '-".L.A."" ',' "-:,~ r. , 

Lowel! Miller, and Roger Stoker, Aerojet Nuclear Company, and Jack A. Barnett, 

SherI L. Chapman, and Edward Schlender, Raft River Rural Electrial Co-operative •. 

The sustained inforID31 support of ERDA's Idaho Operations, Idaho Falls, is 

gratefullY acknowledged. 
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Surface manifestations and exploration 

The presence (\f :J 1;t:crttf(;n.:al reservoir in the suuthern Raft RiverVt.il1ey 

• 
is evident in dnly a f~~ place~. There is a warm seep (JSoC) near Intermediate --" 
ci~pth well ;lnt) i~ The Narrows (fig. 2) and alter?d alluvium around the Bridge 

well ~rks the site of a rormer hot spring. Total dissolved solids 1n water 

from the Bridge and Crank wells are 1.720 and 3,360 parts per million. 

respectively; aquifer temperatures inferred from the ~!lica and Na-K-Ca 

geothermometers (Young and Mitchell, 1973) are nearly the same as the 

lnaximum temperature (1470 ) meas·jred in the firet deep exploration veIl. 

RRGE 1. There are no tufa 0; sinter mounds. Grey Tertiary tuffaceous 

sediments are altered to light f,reen and locally ~eather yellow; accumulations 

of chalcedony locally are prceent. Lava and flo~-breccil expoeed 1~ The 

Narrows are altered from black and brown to yellow along faults and fractures. 

but plagioclase ~eldspars remain fresh. the green and yellow colors 

probably indicate format ion of montmorillonitic clays. proving definite but 

leak and nonpervssive hydrotherm~l alteration (C. R. Nichols. oral co~un •• 

1974) • 

The limits of the geothermal reservoir remain undefined. Warm vater 

flows from several irrigatiOlr\;ells th"fi)ughout the Raft Riv-er Valley. and 

temperatures of 700 were measured on the surface in vater leaking from a 

completed but nonproductive oil test drilled near Malta (fig. 1). ~ater 

temperatures of 60° and 38°, respectively.~~re meegu.c~in wells northeast 

of Albion and near Alma (fig, 1) (Young and Mitchell, 1973) • 

.) 
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Initial shallow dr illing was begun by the Sur vey coope r3tively with E.l'DA 

in 1974, to det e rmine t e~pcrs tures and flow i n the s hallow aquiier . A t otal 

of 32 auger holes were drill ed t o dept hs of about 30 m 1n dnd nea r t he Ra ft 

River flood plain between Bridge and The Narrovs. An offse t to ~~c . Bridge 

well Wg S drilled to 123 m. In 1974 an~early 1975, 5 cor~=holes ~ere drilled 

:l.n cooperation with Idllho Departmen t of Water Adminis t r a t i on to intermediate 

depths of 76 to 434 m to test hydrological. geophye!c~l and geologic models; 
..... : 

and deepest of t~es~ 03. encountered water at 90 0 nea r the bottom. The first 

-- . " - - " deep hole; Raft River GeothenIid Explo r ation ( RRGE) " 1, was drilled by a 

_<fIIIIi - . 

commercia l contractor for Er~A~ and was complettd early in April 1975 to 

a depth of 1,526 m. The Bridge f eult zone wee intereected between 1 ,240 a nd 

1,300 m, and yielded a flow of about 40 li tree p~r second a t. s ubs urface 

temperatures of 1400 - 147°. Cuttings from oil t es ts nea r ~~lta , Nef, and 
J 

Strevell (Fig. 1) also yielded v,llue b1e information on the geology o f the 

basin. 
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Geologic setting 

The lower Raft River Valley in southern Id£ho lies in a no,th-trending 

basin both warped and downfaulted in late Cenozoic time. The basin is' in 

Snake River Plain. About 60 km long and 20-24 km wide, with an average 

surface elevation of 1,400 m, the basin is filled with Cenozoic sediments 

to an inferred depth of 1,800-2,000 m. The Raft River flows northward 

Figure 2.--NEAR HERE 

through the basin, which opens onto the Snake River Plain. North of the 

Raft River basin is the prominent Great Rift system of open fractures in 

very young basalt flows that extends northward 50 ~ to Craters of the Hoon 

National Monument. The basin is flanked on the west, east, and south by 

mountain ranges made up of Tertiary, Paleozoic, and Precambrian rocks. 

respectively. On the eest are the Sublett Range (higher elevations about 

2.000 m) and the Black. Pine Mountains (2. 900"m) consisting m:linly of faulted 

Pennsylvanian and Permian sedimentary rocKs (R. L. Armstrong and J. F. Smith, 

Jr., oral commun., 1974). On the west. the Cotterel and Jim Sage Mountains 

(2,500 m). formerly grouped as the Malta Range. are made up of Tertiary 

rhyolites and tuffaceous sediments, which in t:,e Jim Sage Mountains define 

a broken antiform structure, as first noted by Marti~ Pruatt (oral commun., 

1973). Directly to the west of the Cotterel and Jim Sage Mountains, and 

separated fr(lm them by a narrow fault v.:ll1ey. lie the'-Albfon Mountains O,OO(l m). 

Rising southward from the basin are lhe Raft River ~ountains (J,OOO m). one 

of the few east-trending mountain langes in the N'orth American Ccrdil1efs. 

The Albion [J;lcl Kart Ki"LL ~iountalnc; expoee &neis~-dome complexes of 

Precambrian (2.4 b.y.) adarr:ellite (r;ua rtz monWU!;e) I;,antled hy Fr('c',:Hr.hrian 

7 
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and lower Paleozoic metasedimentary rocks and by allochthonous upper 

Paleozoic sedimentary rocks (Felix, 1956; Armstrong, 1968; Compton, 1972). 

urill dat<l are demonstrating tnat cne mecamocpilir-compiex<:iiLectly underlies 

extensive parts of the Cenozoic fill of the Raft River basin. Borehole 

cuttings from the Malta and Strevell oil tests indicate the presence of 

metamorphic unf ts resembling those in --the Raft·· River. Mountains. and not a 

thick succession of unmetamorphosed Paleozoic rocks that would have been 

inferred from outcrops. 



• 

Rock units and surficial deposits recognized In the southern Raft River 

basin and adjacent ranges are summarized in Tahle 1. Pre-Tertiary units 

Table l.--NEAR HERE. 

are those described by Compton (1972); most of these units do not crop out 

in the mapped area (Fig. 2). 



Table 1. --Rock units and surficial deposits ot the southern Raft River basin and adj8.·~ent r8.ng~s 

AGE 

n'10t~~ 

Ho1ocene and 

Pleistocene 

Pleistocene 

;-; Terti .. 8" .. ____ . __ ---10;.. 

1; 

P=-~ocene and 

Miocene(?) 

[Letter ~ols reter to map units shown. as Fig. 2.) l 

- -- -- --DEScRIPl'ION - --,~-

~ ~ 
Alluvial and eolian sUt (Qs). Alluvium I)f major draineges (Qa) 

7~' " 
, '1 I • " 

Fan alluvium: Coarse to tine moderately well sorted B~8ngu1ar grevel on j?iednJont 
~ r " I 

slopes. Young gravels t( Qfy) deposited;, during last p~uvial episclde; l!)iddle~g',r~1!ls 

(QfIn) deposited during last 2-3 pluvial episodes; 014 gravels (Qfo) aBer thaI' ~ 
;; 

third oldest pluvial episode; undivided gravels (Qf) ~ age not l1etermined. 
~ *I ~ 

~. I ! ,! it ~ ,f-

gravel t sU t and clay beneath Raft Ri vel' Val.~y (Fig. 2) *Ra,ft Formation: Sand, 

, 
II " 

volcanic dmes (T9). Extrusive and shallow intrusive glassy and Hthoidal:! rhyolite 

':/ ' . ' 
domes containi~ plagioclase ?henocrysts at and north of Sheep fI:ountain. at ~ou.nd 

Mountain, and along south edge of map area. 
\1 ~ " 
~d1ometric ages are: 

·1 
Sheep ~101l!ltain 

dcme, 7.8.:.1.1111 • .1. '(zircon fission-tra,;~ C. W. Naeser, U.S.Geol~, Survey.) and 
, ~ 

8.42.:.0.20 m.y. (K-Ar feldspar, J. D. Obradovich, U.S. Geol. Survey); Round Mcuntain 

dome, 8.3+1.7 1I1.y.(zircon fission-tra~k, C. W. Naeser). 
- I ~ , 

Welded tuff (Twt) ~ Thin glassy rhyolite ash-now tuff on !'!edar Knoll, and in Mal to 

and Naf wells. Radiometric age, 7'()!:.,2,.O m.y. (ztrcoh fission-track, C. W. Naeser). • 

Intercalated tn upper member of Salt Lake Formation. 
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Vliocene and Miocene 

w 

·\ 

f ~ "i 
Salt Lake Formation. Total thickness, a~~ut 1,800 m. In western part or basin. 

~ t , 
J divided by volcanic .ember at Jim Sage Mountain into upper and lower members • 

.... " 
Tuffaceous sandstone, siltstone and conglomerate. In RRGE I, the upper 670 m is 

light-green and gray tuffaceous sandstone and siltstone and coarse-grained sandstone 

and conglomerate; the lower 570 m is light-green bedded tuff, tufface~us slltstone and , 

sandstone, and tan calcareous siltstone and laminated shale. In t.he Naf well", the 
, . 

, I , I 
upper 1,000 m is dominantly gray and tan,tuffaceous sandstone and siltstone; ~le 

, I 
low~r 260 m 1s mostly conglomerate and s~dst~ne. 

Upper eber (Tsu) j' Gray and light-green tuff, tuffaceouI!J sandstone and Siltstone', 

and buff and gray conglomerate. 
I , 

Volcanic member at Jim Sage Mountain: Conststs of rhyolite flows (Tsj)i, divided into 

upper (Tsju) and', lower (Tajl) units where separated by a vitrophyre ~reccia unit 
" ;. .' ~, , 

(Tsjb) . Flows I~50 m thIck of black glassy and red-brown porphydt1c-aphant~ic 
l I 
II ' 

calc-alkali rhyolite contatni~g phenocrfsts of c~goclase-andesine and pigeonite; 
" 

upper unit has normal magnetic pol'lritYj,most flows in lower unit are magnett'cally 

reversed. Vitrophyre breccia unit consists of black glass clasts a few em to 2 m 

in diameter in a yellow and orange matrh of; hydrate.j glass; rare tongues of glassy 

lava have reversed magnetic polarity; un~.t replaced laterally by bedded tuff in , ' 

! 

Radiometric dates on upper flow unit: 9.2+0.5 m.y. southerr Jim Sag~ Mountains. 
I: " 

(K-Ar whole rock'~ ArUSstrcing and others, 1975); 9.4+1.6 m.y. (zircon fission-tr3ck, 

c. 14. Naeser). 

• 

Lower member (Tsl):' Gray and white thin-bedded to massi.'l1e tuff and tuffaceous sands':one. , , 

white LO lighr-3!rccTI shale and siltstone, and sparse beds of fine-grabed conglomerate. 

t 

~ 

~"«"":;::~~~tT~"·'!:l'·:~~VW~~,,,,,,,.q,, 



t 
P~nn1an end Pennsylvanian Oquirrh Formation: Dark-gray .:andy limestone and calcareous sandstone 

'I ~ 

Pem'Sillvanian and *Manning Canyon ( ?) Shale: Dark-gray phyllite 

Misslssippia'2 , 
0rdn\'ician *Filh Haven ( ?) Dolom1 te : Gray and cream-colored metamorphosed dolomite 

1- t i f 

*"Eu.reka(?) Quartzite: White metaqWU"td te 
. I 

Pogon1p(?) Group, Undivided: Tan-weatherl.ng impure marble 

Car~~!:ian (?) 
J 

*Schist ~f Mahogany Peaks: Darl-.-brown biotite-muscovi te schist 

*Quartzite of Clarks Basin: Quartzite with thin muscovite-biotite schist interbeds 

Precllmbri~n (? ) *Schist of Stevens Springs: Fine-grained muscovite-quartz schist and graphite phyllite ~ 
~ 

*Quartzite of Yost: White, locally green, muscovitic and hematiti~ quartzite 

*Schist of upper' Narrows: Dark-brown biclti te quartzof'eldspathic schist and gneis s; 

occurs tr ~GE .~ from 1.390-1,433 m 
f t 

*Elba Quartzite: White to pale-tan muscoviti~ quartzite. 

I! 

r 
Occurs :Ln RRGE 1 a t ~ . 

1,433-1.518 11. 

H 
Precambrian *Older schist: Brown mica schist 

gne1ssic~porphyritlc adamellite; in part intrusive 
~. 

*Adamellite: B9ries of massive and 
, 

gneiss dones 

rocks and in part ~~er than those rocks. Forms 
i; . • 

in western Raft River Range and Albion Range. Occurs in RRGE 1 below 

.into Precambrian(?) metamorphic 

'1,518 m 

j , 
•. -----------------

~Unit does not crop out in map area, bu~ is pr~sent in nearby area and/or in subsurface. 

""--..,"""" .. ~,~""'--------"----, 
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Geophysical studies 

Gravity measurements 

Gravity stations were established at 330 points in the area of Figur~ 2. 

The data were r~duced to the complete Bouguer anomaly assuming a density of ""------
3 2.45 g/cm. The procedures used were designed to produce Bouguer anomaiy 

values accurate to 0.2 mga'! (milligal) except in areas of high local 

topographic relief where the uncertainty in the terrain correction may be 

8S large as 0.4 mgal. The gravity map of the region (Mabey and Wilson, 1973) 

shows a series of lows along the entire course of the Raft River; the lov in 
¢~ 

the southern Raft River basin is one of these. Bouguer anomalies rise toward 

hl~ghs over the Black Pine and Raft River Mountains and a high' centered over 

the alluvium south of Sheep t{ountain in the eastern Jim Sage Mountains. The-~ 

gravity low is produced mostly by the density contrast between the Cenozoic 

sedimentary and volcanic rocks. calculated from the data to va about 2 km 

thick, arui..,.t;.he more dense pre-Cenozoic "basement" rocks. Relatively small 

variations in the gravity field superimposed on the large low may reflect: 

mass anomalies within the CenozC'ic rocks or within the- b-a!cenfenf rocks. 



~\. 

Aeromagnetic data -, 
Ar. aeromagnetic survey of part of the area was flown with [,orth-south 

'"",,,::~ -: 

flight lines 800 m apart and 1,800 m above sea level. The magnetic data'are 

Figure 3.--NEAR HERE 

the magnetic anomalies correlate _with,_ the _mappl' distribution of volcanic 

rocks. Major highs and lows are associated w~ .h normally and reversely 

magnetized units. A general correlation betwe~n magnetic intensity and the 

gravity high south of Sheep Mountain suggests the basement rock to be slightly 

magnetic. The absence of large magnetic anomalies wit!lin the area of the 

major gravity low suggests that volcanic rock is not a major part of the 

bah:n fill. Two elongate magnetic highs south and cast of Sheep Mountain 

may be produced either by volcanic rocks or by magnetic units within the 

basement rocks. 

Seismic refraction measurements 

Seismic refraction spreads were obtained in en &r~ extend~ from the 

large gravity low in the central part of the Raft River Valley (Fig. 4) 

Figure 4.--NEAR HERE 

southwestward into The Narrows and westward from the low, across alluvial 

f~!lS east OL the,JimSage:~ountains., All spreads w~!e~~ot from both directions, 

but complete reverse basement coverage was obtained on only part of the spreads. 

Three ffiajor velocity units were mapped: 5.2 to 6.7 km/sec for the pre

Tertiary basement rocks, about 4 km/sec for Tertiary volcanic rockst and 

less than 4 km/sec for Tertiary sedimentary rocks. 

-
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VELOCITY 
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Figure 4.--S@ismic profiles of ~he southern Raft River V~11ey 
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Three areas of different seismic velocities that correlate well with 

geologic and topographic features were defined in t~e Cenozoic rocks. One 

area 1s confined largely to the central par't of the valley, 'but ii~lso~ 

extends onto lower p~rts of the alluvial f~ns; in roost places the velocity 

se .. tions are typical of those expected from a basin containing a thick 

succession of poorly consolidated sediments-;;- . The second area'is-'confined 

to the alluvial fans. Velocities in the range expected for lava flows"",,~~~d2'" 

(velocities are higher than those encountered at comparable depth in the 

first....arE'a) occur ae depth le8sthan~400_,m., Theth:h'_d .~r_~a._!s in. and near 
~ - - ._4 

The Narrows where high-velocity rocks (volcanics) are near the surface. 

A typical velocity regime for water-saturated unconsolidated or partly 

consolidated basin fill is a gradual velocity increase with depth froc about 

1. 5 to 2.5 km/ sec. Much of the valley area 19 underlain by rocks of' these 

velocities; nowhere do interpreted velocitieg e%ceed 3.0 ~/sec. From the~~~ 

2.5 km/sec velocities are within a few tens of metres below the surface~ 

suggesting hydrothermal induration of the sediments. 

Basement velocities vary between approximately 5.2 and 6.7 kID/sec, 

probably indicating lithologic differences or local fracturing. 

, . 



Audioruagnetotelluric soundings 

Si~ty-eight audiomagnetotelluric (AMT) sounding stations were occupied 

in the southern Raft River Valley. At each statton two soundings were made, 

one for north-sQuth and the oth~r for~~t~~t od~nt~ti~n_of the telluric 

line. Scalar resistivities were calculated at each of ten frequencies in 

the range 8 Hz to 18,600 Hz to fine the sounding curves, and maps were 

-~ 
prepared for several of the frequencies to delineate areas of anomalous 

" 

c'J,lductivity. The station spacins of 2 to 3 Ian defines only the gross 

conductivity variations in the area. 
r IT 

Figure 5 shows two AM! apparent resistivity maps made at 26 Hz for 

Figure 5.--NEAR HERE 

each orientation of the telluric line. Differences-rnthe map~ reflect the 

presence of lateral resistivity variations near the sOtL.1'lding site. __ J:he range 

in apparent re~!stivityvalues is from about 2 to 2l'O ohm-m at 26 Hz:. The 

skin depths (which are the approximate exploration depth) for these 
";'&-/ 

resistivities at 26 Hz, are 140 to 1,400 ~ 

Examination of the two AM! maps shows that the most prominent reeistivity 

high is just east of The Narr~s. This correlates with a north-trcmd~n& ___ -

structural high seen on-the gravity map and a correlative high in the t~t~l 

field data. The differences in apparent resistivity between the two orientations 

indicate that the edge of the body was"clo~e to the station, and together 

with the gravity anomaly imply a narrow body. Fair correlation is evident 

between the AMY and gravity high near Sheep Mountain. 

The largest AMT low, in the vicinity of the hot wells. is defin~d by the 
~ 

14 ohm-m conLuUI~ 
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Figure 5.--Audiomagnetotelluric apparent"~esisttvlty maps of th~ southcr~ 

Raft River Valley, Resistivity contours sho~ are a logarithmic 

interval in ohm-metres. 
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Direct-current resistivity survey 

A bipolc-dipole total field resistivity survey consisting oi 269 total 

field stations occupied about a current bipole 3.22 km in length. At each 

station the potential differences were recorded between three potential 

electrodes (M, Nand N') placed at the corners of a triangle and the 

electric field components were calculated from the approximations. 

E -MN 
K __ I _ V"m', 
liN MN' 

~,_ VNN,. 

NN' 

These three components were added vectorially, using polar plots, to obtain 

the- direction and the -1Mgnit_ude _0£ ,the-tof;al electric_fJe}g~El'-~_APe_ lengths 

of the sides of the measured triangle ranged roughly from 30 to 100 m. 

Electric currents in the range of 40 to 60 ~eres were provided from a 

40 kVA truck-mounted generator, and theC!iffer~ncee in potential &t the 

field stations were measurecf'on potentioeetric chert recorders. 

Figure 6 shows the normalized (or reduced) apparent resistivity m4V-

Fi&ure 6.--NEAR HERE 

which is obt~ined by calculating the ratio be~een the observed and theoretical 

apparent resistivities for horizontal layering beneath the center of the 

current bipole (Zohdy, 1973; Zohdy and Stanley. 1974). In general. areas 

outlined by values greater than unity indicate that the section contains 

more resistive materials or that basement rocks are shallower than at a 

sounding made at the current bipole, or both. Conversely, areas outlined by 

contour values Ieee thsn unity de~1enate ~he opposite. It should be noted, 
~ "'" -y _UV~~ 

howE:ver» th~ false and highs may beE~used by the presence of steeply 
• ~"""7 

dipping faults separating media of large differences in resistivity. 
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Seventy-nine symmetric Schlumberger soundings we r e made, ...... . The maximum 
-.-. 

electrode spacing (AB/2) for most soundings ranged from AB/2 914 m 

(3,000 ft) to AB/2 ~ 3,660 m (12,000 ft). All the soundings were automatically_. 

a DF.C- IO digital computer and a Hewlett Packard 720JA graphic plotter. 

Eq uivalent solutions to the automatically obt ained ones were derived by - ~ 

adjusting the corresponding D.Z. (Dar Zarrouk) curves (Zohdy, 1974b). 
I 

Figure 7 shows two resistivity sections based on some of these soundings. 

Figure 7.--NEAR HERE 
_., 

The high-resistivity material (>80 ohm-m) underlying most of the section ' is 

pre-Cenozoic basement rock. Resietivifles between 20 and 80 ohm-m probably 

reflect volcanic rock or coarse clest1c sediments. Resistivities below 

-20 ohm-m are prob&~ly finer grained sediments. In the middle pert of both 

sections is a 10\>1-resist ivity layer (3-8 ohru-m) in the Salt I.ake Fon::a tion 

- with an average thickness of about 1 km. Drilling data indicate' tne;t: -t"hi.s,-_ 

layer 1c fine grained, consisting of silt and clay, and 1s weakly hydrothermally' 

altered. 
.$:':'If'.-.'="- -

Self-potent ial measurements_~ __ __ _ 

A self- po'tenthl (SP) survey \!las made i~he area of knoloTTl hot wells and -

warm 8e~~B. f r om The Narro~s to the vicinity of Bridge. The SP map. Figure 8, 

Figure 8. --NEAR HERE . 
• d 

WS9 mn~~1th an electrode spac ing of 500 m and s o does not define short -

w~velength anomalies.~lerge-ampl itude ano malies were found; t he ma~imum 

observed was about 60 mV. and, anomalies are in part masked by t opogr.Jphic 

effects se en ~ ~ D re negnt ive pot en tials as one goes higher up the pediment 

sl"pes. 
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Two regions ohow positive S1' anoTiUl11es in areas of knrn..'1l n<;!ar-surface 

hot water. One is a narrow north-trending zone just east of The Narrows (A). 
--=:::-. -- -

The other (B) extends throut~h the Bridge well and trends north-northeast; it 

is flanked about 2 Ion of itE length by ,ass ociated negative zones which 
. p 

presumably are due to the deeper negative source pole. This anomaly correlates 

with the ridge fa~lt which is ~;sume d to be a major cond~it for the near-

surface hot \~ter in the area. 

A large positive anomaly (C) found just south of the area of hot we lls 

___ _ I 

,..~ geophysical data. Ho~ever, it is coincident with a depOSitional segment of , 
.... -~. 

an alluvial fan and ts at the j~~ction of lineaments seen on aerial 

photographs. The significance of this anomaly ie not yet clear. 

Summary 

In 8ulIl!llBry. the grcvit y date sho~ accurately the gross struct-ure of 
~/. 

_~e basin, and yield an appr uximate thickness of the Cenozoic basin fill. 

-
Magnetic anomalie~ are related primarily to the volcanic r ocks and are useful - . 

in inferring their distribution and structure . The AM! survey provided~ 

preliminary indication. of the reshtivity anomalies related to lithol.ogy ..;:a:.;.;n~d_,,~ . ..... 
.I._a., 

structure. 
~~ 

The refraction seismic and "direct current resistivity s\!rveys 

provide information on t he thickness and~ithology ~f bes in fill, a nd location 
--..-

of major faults. The significance of the self-potential survey results has -
not been determined, but ano~alies may be related to near - surface circulation 

-~, ,~__ .,. .. ~ .... ~ r~ 

of hot water along faults . 
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An evaluation of the gecithermal resources of the southern i{aft River 

Valley tind siel lar areas requt r~s an understanding of tho geolc~y in three 

di:::c:::.:.iC'~~ ~ . _ .Thi~-!;~n . .be-oht&in.M .onl y th..t:..o_ugtLl<.no~~ed&~ ot .the r egional 

geology and ~eophysics, detailed geologic mapping in the imD~dia~e area of 
"4 .. "f ----~ 

interest, intensive geophysical ' s urveys, and t est drilling. . . 
We have not 

_t .>4n ..... .. ...... 
discovered any geophys}cal technique for the direct detection of thermal 

waters. 
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StructltTe 

The p: pr>rnr' t ry of the Raft River oDsin is well dpfincd by the gravity ---survey. T~ickne~$es of ~he C~nozoic besin fill predicted from gravity, ' 

.. ~. 
drill ing at RRGE I, .... here Precl!rnbr i t; n rocks werp. encountered a t c j eptJ1 of 

---1,390 M. TIlp. C'O:'lcpalPej bll3emp.nt high east of Sheep Mountain (HRtey snli Wilson, . 

1973) trend:; n() rthwest across the northern ,Jim Sage MOWitains ancl app&rently 

is an extension of the Big Bertha gneiss dome Jf the Albion Mountains . 

(Arms trong, 1968); Intermediate drill hole 5 encountered Precrumbrian(~) 

adamellite a~ 210 m, a depth predicted from the gravity study. 
~ ~ -. 

The Cenozoic rocks, including Pleistocene fan gravels, are cut by numerous 

faults that in a general ~ parallel the east, west, and south basin ~gins 

(Fig. 1). The faults with greatest displa cement, 'reflected in steep gravity 

and normalized total field resistivity gradients, e-~ (1) the north- trending 

Bridga fault; (2) a fsult system along the west front of the Bl&ck Pine - r -
- Mountains; and j 3) a concealed east-vest fault, the Nsf fault, in~ the ';southern .,. 

part of the besin at about the latitude of Round Mountain (Fig. 1). Genc·r.ti-lly, - . '.:' :~~; . .'/ 

-.c 
the faults show downward displacement toward the center of the basin; ~fi st~~rd 

dips in bedding ,15° to 30° on the east flank of the Jim Sage Mountains 

anticline augment basin~~rd str atigraphic thr ow on the r s ults. Faults are 

inferred to dip 60° _70°, based oM m~Qsurement of fpac t ures in c ore_f r om_ 

Intermediate dr ill hole 3, direct meQ surement of- an exposed f~ult pl~ne in .... 

the volcanic member of the- Salt take Forma tion ' tit Jim- 3ts ~e Mountain. gravity 

expre ssion, and the geometry of i nte:sec t ion of t he Br idge fault in RRGE 1. 
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Age of late6t movement on thp faults is inferred from study of loesslc 

soils mantling the alluvial f s ns. The north-trending faults ncar Rr1~gc cut 

"older" fan surfaces mantled by as It!!ch as 3 m of loess reflecting at least 
~.-' 

four depositional-wea thering ~pisodes .• indicating an ate older than t~e f(lUI t'h 

pluvial interval before the prescnt. The same faults d~not cut, and are 

covered by, fans of "middle" age, which are mantled by 0.6 to 1.5 m of loess 

--deposited 1n two or three pluvial episodes. If the fourth from youngest pluvial 

1s middle Pleistocene. then the most recent movement on the faults was several -

hundred thousand years before present. 

Known occurrences of thermal waters above 100°C 1~ the southern Raft 

River basin are located near the intersection of the north-trending normal 

faults with the Narrows structure (Fig. 1). northeas~-trending linear feature 

with region~r geophysical expression. probably a basement shear. that passes , ~ 
. - ... .~- .--:# /..~ - _I':'" 

just south of the Jim Sage Mountains. Nearly coincident ~itH this i-"-'..ructur~ , 

1s a conce~led northeast to east-northeast fault through The NarrOWs that 
./.- . ~~~ . .---.. 

separates widely diUerent structural styles in the Salt Laker F~rmation, and 

is expressed by the grax.!ty and resistivity. The Bridge fault end other 

north-trending fault sets do not croes this structure. - -, 
The drill sit..! for ' RR(,E ' 1 -was selected ' near rhe- intersection of the 

Narrows structure with the Bridge f s ult. and the well was predicted to intersect .... 

the Bridge fa~lt and produce i.ot water at or below 1.400 m; actually. the fault 

z'one and flow- or- water "was encountered- 'bet\;1een I, 2l.0- aM-I. 320 Ill. Seismic -. ...,., , 

and resistivity studies predic ted penetration of basement rocks in the well 
JIlt -----.r)~. . ~, 

at a depth or ahout 1,600 and 1,400 m respectively; ' cct u~ l depth to besem~nt 

, "'Yo'I~._ ... ~ ! 
is 1,390 m. The s !.smic z:tudy had showea low:.vel=fty_ bz:s~.::....n.-: :under· t he 

well site, due rrob ably to fractured rock, and this rroved . to be so. 

,:;---rfl~"''' . _(,1' f" .. :F ....... 
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Ceothermal model for the southp.rn Raft River besin 

Geochemical nnd oth,e r data suggest that the Raft River geothetlD4l s ystem 
-~----.-

1s typical of low- temperature hot wa ter systems as described by ~Iite, --
Muffler, and Truesdell (1971). The s ysteQ apparently is self-sealing. 

Masses of secondary s {lica and calcite 'Jo not occur at the surface, but a 

silica caprock was encountered at a depth of 1,370- 1,373 m 1n R.RGE 1; many 
--.....,:..0. 

fractures in core from the intermediate-depth wells are filled with 
......, .J 

chalcedony and calcite. The high chloride content of the waters (1,000 ppm 
- 0 - - ,/ ...-

and more) and aquifer temperatures no higher ~han 150 clearly indicate 8 

, . 
hot-water rather than vQPor-~ominated system • 
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The southern RHft ?i.v-:::[ .v ... ll .ey 5eothennal system is probably the resul_t 

of deep -::irculation of r.;pteoric water ' along major faults; the mc~t recent 
. ... c..- , 

igneous &ctivity in the southern part of the basin apparently took pla~e 

old to b~ an _~porta~t heat source. We propose e model in which meteoric 

-~. 
water from the Albion, Soose Creek and Raft RIVer Mountains, which have _ -relatively hiGh precipi tation of about 800 m/yr, collects in deep Cenozoic 

fil~ in the upper Ra1~ River basin west of The Narrows, and in the 

so~~her~ost Raft River Valley, perhaps with minor contributions from . -
ranges east of the basin. Some of this water descends along faults to 

depths sufficient to heat it to 145 0
• " Heat-fiow values of -2~3 microdal/cm2lsec 

occur in the souther~-flank of the Snake River Plain (Urban ann Dment; 1975);-:---
-

which permits ne.'l.;dng to 145 0 a t depths of 3-2. km. Heated • .'Ster then :S - -
migrateS upward along The Narrows structure and north- t rendi r..g faults, &n~ -

... 7" '. ' I .,., .. 

is tapped by well ~ intersecting thes~ . structures. Faults-sre doubtless o~y 
I .'- " 

parts of a condu1~ system that includes permeable aquifers 1n th~ Salt Lcl,{e 
- -. . ~... ~',.".: 

Formation, fractured zones in the Precambrian rocks, 8~d pet~ps, gently 

dipping thrust faults in Paleozoic and Precambrian rocks • 
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