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GEOLOGY AND G

Bonald B. Hoover, Kenmeth L.

P QP S, Lages
U-8. Geological Su

Introduction

A flow of about 2,000 litres per minute

temperatures of 167°C has been produced from

%

—e—

completed in the Raft River Véil%yp tath)
well was drilled after an integrated geole

exploration program bagun a year and a half

Survey in cooperation with the Energy Reses Development Adwmin

2TC

(ERDA). Drilling of additionel welle ig mow (Hay 1975) in progrese

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

&

E

flow
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The Rafy River Vallev la part of an areca mapped geologlicallv in

sites by ehg U.S.

ol v s xR
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Geoltoglcal survey“have bheen carried ocut over a period of four decadesg

(Stearns and others, 1938; Nace @ud ¢thers, 1961; Mundorff and Sisce, 1963:

also Walker and others, 1970, i@ cooperation with the Idaho_Department of

Water Adminiscration). Geochemistry of the water from the Bridge and Crank

wells is described by Young and Mitchell (1973).
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Surface manifettations and exploration

®

The presence of sg-gesthetial reservolr in the scouthern Raft River®#atiey
I ¥

&
is evident in only a few places. There ie & warm seep (J89C) near Intermediate

depth well (int} ia The Navrows (fig. 2) and alter=zd alluvium around the Bridge

well marks the site of a ‘ormer hot eprimg. Total dissolved selids in water

from the"Bridge and Crank wellsg asvre 1,720 and 3,360 parts per million,
respectively; aquifer temperatupes inferrved frow the gilica and Na-K-Ca

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

maximum temperature (147°9) measured in the firet deep exploration well,

RRGE 1. There are no tufa o.- sinter mouads. Gray Tertiary :tuffaceocus

gediments are altered to light green end locally .weather yellow; accumulations

of chalcedouy locally are present..-Lavsa and flos-breccis ezposed. in The

Narrous are altered from black and brown to yellow along faults and fractures,

but plagioclase feldspars remain fresh. The green and yellow colors

probably indicate formation of montmorilionitic clays, proving definite but

reak and nonpéiviasive h?dﬁ@éﬁ@fﬁél alteration (C. R. Wic%0239 oral commun.,

1974).

The limits of the geothermal reservoir remain undefined. Warm water

flows from several irrigation wells thtoughour the Raft River Valley, and
24 y

temperatures of 70° were measured on the surface in water leaking from a

completed but nonproductive 6ll test drilled near HMaleas (fig. 1). Water

temperatures of 60% and 389, rvespectively, Uére measured im wells northeast

&

of Albion and near Almo (fip. 1) (Younpg s6& Wicchell, 1973).




Trieial shallow drilling was begun by the Suvrvey cooperatively with ERDA

in 1974, eo determine temperstures and flow in the shallow aquirer. A total

of 32 auger holes were drilled ro depths of about 30 m in and neer the Raft

River flood plain between Bridge and The Narrows. An effeet-to the Bridge

well was drilled to 123 m. In 1974 and early 1975, 5 cevesholes were drilled
in cooperation with Idahko Department of Water Administration to intermediate
depths of 76 to 434 m to test hydrological, geophysical and geologic models;

and deepest of these #3, encountered water at 90° near the bottom. The first

deep hole, Raft River Geothermsi Expioration (KRGE) 1, was drilled by a
commercial contractor for ERDA, and was completed early im April 1975 to

a depth of 1,526 m. The Bridge feult zone wes intergected between 1,240 and

1,300 m, and yielded a flow of about 40 litres per second at subsurface

temperatures of 140°-147°. Cuttings from oil tests near Malta, Nef, and
A
Strevell (Fig. 1) also yielded valuable information on the geology ol the

basin.




anmsa SIS

‘Geologic setting
The lower Raft River Valley in scuthern Idehe lies in a nocth-trending

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

the northern part of the Baein and Ronee _srowvince nese fts-beoundary with the

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 Cenozolc 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 onte the Snazke River Plain. HNeorth of the

Raft River basim is the prominent Great Rift eystem of open fractures in

very young basalt flows that extends n@féﬁward 50 ki to Craters of the Moon

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 eazt are the fublett Réége (higher elevations about
2,000 m) and the Black Pine Mountains (2,900 m) consisting wainly of faulted

Pennsylvanian and Permian sedimentary vocks (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 the Jim Sage Mountains define
a broken antiform structure, as first noted by Martia Pruate (oral commun.,
1973). Divectly to the west ¢f the Cottervel and Jim éégo Mountains, and

separated from them by a narrow fault valley, lie the Alhion Mountains (31,0600 m)

L0000 mY, one

IR

Hising southward from the basgin ave the Raft River Mount

the few east-trending mountain rangeg in the Noveh American Covdillera.

o £
£

The Alblon and Raft River Mountains expsse gneise-dome complexes of
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and lower Paleozolc merasedimentary rocks and by allochthonous uppev

Paleozolc sedimentaf?ﬂ?ockg (Felix, 1956; Armstrong, 1968; Compton, 1972).

frill data are demonstrating that the mecamorphic compiex—directly underlies
cxtensive parts of the Cenozolc fill of the Raft River basin. Borehole

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

metamorphic units resembling those in -the Rafe 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

Tahle 1.-=-NEAR HERE.

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

in the mapped area (Fig. 2).




Piiocene and Miocene Salt Lake Formation. Total thickness, sbout 1,800 m. In western part of bas

divided by volcanic

ber at Jim Sage Mountain into upper W%@ lower members.

Tuffaceous sandstone, siltstone and conglomerate. In RERGE I, the upper 670 m

et
@

light-green and gray tuffaceous sandstone and siltstone and ecoarse~grained gandst

and conglomerate; the lower 570 m is light-green bedded tuff, tuffacecus siltstone

e S

sapdstone, and tam calcareous glletstone and laminated shale.

upper 1,000 m %m,maawamaﬂww gray and tan tuffaceous sandstome
lower 260 m is mostly conglomerate and @wm&mmgﬁw,
Upper member (Tsu); Gray and light-green tuff,

tuffaceous sandstone and siliatons,

and buff and gray comglomerate.

VYolcanic member at Jim Sage Mpuntain: Consists of rhyolite flows (Tsjy, divi

[

upper (Tsju) and lower Aﬁ%uwv units where separated by a vitrophyre Dhreceia uait
(Tsjb). Flows 1-50 m thick of black glassy and red-brown porphyritic-aphaniiic
cale-alkall rhyolite containiag phenocrysts of o;wmaﬂw@mm!&ﬁammwm@ and plgeoculite;

upper unit has normal magnetlc polayity; most fleows in lower unit are magnetically

reversed. Vitrophyre breccia unit consists of black glass clasts a few cm ro ? @

in diameter in a yellow and oramge matrix of hydrated glass; rare tongues of glassy

lava have reversed magnetic polarity; unit geplaced w%wmm@ww%

=ty

in

southerr Jim Sage Mountains. Radiometric dates on upper flow unit:

(K-Ar whole wooWw mﬁ&mnﬁaﬁm and others, 1973); 9.4+1.6 m.y. (zircon
C. W. Naeser).

Lower member {(Tsl): Gray and white thin-bedded to massive tuff and tuff

white to w%m3~«Wme: shale and siltstone, and sparse beds of fine-gr:

e ——




Pgnreoylvanian and

M3 ssissippian

peto
2]
k-
B
3

Cambrian(?}

Precambrian{ ?)

Precambrian

PR

permian and Pennsylvanian Ogquilrrh FPormation: Derk-gray andy limestone and calcarecus sandstone

$gwa@wmm Canyon(?) Shale: Darke-grey phyllite

«Figh Haven(?) Dolomite: GCray and creem-colored metamorphosed dolomilte
*Fupeka(?) Quartzite: White metaquartzite
Pogonip(?) Group, Undivided: Tam-weathering impure marble

#8chist ¢f Mahogany m@%Wmm Dark-brown biotite-muscovite schist

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

*Schist of Stevems Springs: Fine-grained museovite-quartz schist and

$@¢EWﬁmwwm of Yogt: %Swwmv locally green, muscovitic and hematitic quertzit

&

*3chist of g@@mw Narrows: Dark-brown bictite quartzofeldspathic schist

g

occurs in RRGE 1 from 1,390-1,433 m

*Elbe @smwwmwwmm zdwﬁm to pale-tan wuscovitie quertzite. COQceurs in RRCE 1 at

@

1,433-1,518 &
#01deyr schist: PBrown mice moﬁwmw

o N

#Ademellite: Bedies of E@mmwam and gneigsic porphyritic adamellite: im part intrusive

into Precembrian(?) metemorphic rocks and in part clier than those rocks. Forms

&

gneiss domes in western Raft River Range end Albion Range. Je¢cursg in BRCE 7

1,518 m

mep area, dﬁﬁ is przsent in nearby area and/or in subsurface,




Geophysical studies

Gravity measurements

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

The data were reduced to the complete Bouguer anomaly assuming a demsity of

2.45 g/cmgc The procedures used were designed to produce Bouguer anomaiy

values accurate to 0.2 mgai (milligal) except in areas of high local

topographic relief where ¢hie uncertainty in the terrain correction may be

as large as 0.6 mgal. The gravity wap of the region (Mabey and Wilsom, 1973)

shows a series of lows along the entire course of the Raft River; the low.in
the southern Raft River basin is one of these. Bsuguerkanomalies rise toward

'ﬁighs over the Black Pine and Raft River Mountains end a high centered over

the alluvium south of Sheep Mountain in the eastern Jim Sage Mountains. The:

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

neary and volcanic rocks, calculated from the data to he about 2 km

gedime

thick, eand.the more dense pre=Cenozolc “hasement" rocks. Relatively small

variations in the gravity field superimposed on the large low may refliect

mass anomalies within the Cenozoic rocks or within the baczment rocks.




Aercomagnetic data

Ar. aeromagnetic survey of pazt of the area was flown with north-south

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

fiigh
ace edde of .the Jim Sage Mountains

7

o
o

h

k] oS
E Cav

¢

[

w»

[ B -
LU = Fe

chown as a residual map iw

Figure 3.-=NEAR HERE

the magnetic anomalies correlate with the mappe’ distribution of volcanic

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

magnetized units. A general correlation between magnetic intensity and the

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

magnetic. The absence of large magnetic anomalies within the area of the

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

basin fill. Two elongate magnetié‘highs south and east of Sheep Mountain

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

basement rocks.

Seismic refraction measurements
Seiesmic refraction spreads were obtained in &n eres extending from the

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

Figure 4.--NEAR HERE

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

fang east of rhe Jim Sage Mountains. A1l ‘ghot from hoth dirvections,

but complete reverse basement coverage was obtained on only part cf the gpreads.
Three wajor veloecity units were mapped: 5.2 to 6.7 kmfcec for the pre-
4 km/sec for Tertiary volcanic recks, arnd

rhan 4 km/eec for Tertiary
J
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Figure 3.--Aercuagnetic map of the
southern Raft River Valley. Contour-
interval 104 gammas.
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Three areas of different seismic velocities that correlate well with

geologic and topographic features were defined im the Cenozolc rocks. One

area {;&confined largely to the central part of the valley, but it also
extends onto lower parts of the alluvial fams; in most places the velocity
se tions are typical of those expected from a basin containing a thick
succession of poorly consolidated sediments. ~The second area iscoaflined

to the alluvial fans. Velocities in the range expected for lava flows.

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

first_area) occur at depth less than 400 m. The third area is in and near

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

A typical velocity regime for water-saturated unconsolidated or partly
consolidated basin fill is a gradual velocity increase with deéth from about
1.5 to 2°Swjkm/sec° ¥uch of the valley area is underlaim by rocks of these
velocities; nowhere do interpreted velocities exzceed 3.0 kn/sec.
Bridge faunle to The Narrows in a strip about-l¢S:-km wide, laysts with
2.5 km/sec veloeities are within a few tens of metres below the surface,
suggesting hydrothermal induration of the sediments. }

E&semeﬂtrvelocities vary between apptoximatelfyS,Z and 6.7 km/sec,

probably indicating lithologic differences or local fracturing.

+5

5
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Pt




>§
.
:
.
i
|
i

Audiomagnetotelluric soundings

Sizty-eight audiomagmetotelluric (AMT) sounding stations were occupied

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

¢ orientation of the telluric

one for nerth-south and the other for e

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

the range 8 Hz to 18,600 Hz to define the sounding curves, and maps were
prepared for several of the frequencies to delineate areas of anomalous

couductivity. The station spacing of 2 to 3 km defines only the gross

conductivity variations in the area,

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

Figure 5.-=NEAR HERE

each orientation of the telluric line. Differences in the maps reflect the

presence of lateral zesiggivity variations near the sounding site. .Jhe range
in epparent reeistivity values is from about 2 to 200 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 m.

Examination of the two AMT maps shows that the wost pfomié@a& resisgivity
high is just east of The Narrows. This correlates with a north-treading. ..

structural high seen on the gravity map and a correlative high in the total

field data. The diffevences in apparent resistivity between the two orientaticna

indfcate that the edge of the body was elese to the station, and together

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

between the AMT and gravity high near Sheep Mountain.

low, in the vieinity of the hot wells, is defimed by the

The lavgest AMT low,

[

14 ohm-m contoui~
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Direct-current resisctivity survey

A bipole-dipcle 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, N and N') placed at the corners of a triangle and the

electric field components were calculated from the approximations.

These three components were added vectoriaily9 ueimg polar plots, to obtain
the direction and the magnirvde o6f the total QL@gﬁzia,giglqﬁﬁfg,_xh@ lengths
of the sides of the measured triengle ranged roughly from 30 to 100 m.
Electric currents in the range of 40 to €0 amperes were provided from a

40 kVA truck-mounted generator, and the-differences in potential at the

field stations were measured on potentiometric chart recorders.

Figure 6 shows the normaliged (or reduced) epperent resistivity map

Figure 6.--NEAR HERE

which is obtained by calculating the ratio between the observed and theoretical

apparent resistivities for horizontal layering bemeath the center of the

current bipole (Zohdy, 1973; Zohdy and Stanley, 1974). 1In general, areas

outlined by values greater than unity indicate that the section contains

more resistive materiale or that basement wocks are chellower than at a

Conversely, areas outlined by

sunding made at the current bipele, or beth.

®

it ehould be noted,

reatativicy.




19 HELY
S

s SAGE  BOu

;o i :
9} Yestrory rochs
(M) Bre-Tortiary (eLhB

Figure 6.--Normalized bipole-dipele
resistivity map of the southern Rafe
River Valley. Resistivity contours

- felmi o intoryval o
RS & v ubds TR

b moen memm e Lo ame
oWy 8ve 8 &Ugﬁa L Giias s

chm-metres.

(5]




€-20 chm-motres
20-=-80 ekm-palins
] 280 eam-mstres

Figure 7.--Resistivity gm%ii@@ of the southern Raft River Valley




(3200

0 suw

ConvTouR wiEavaL 108y
l “Vouoternary ¢epotits [ ]\‘echmv rocho
Enmglif{g?ﬁie?iemwwe&%; - - -

--Self-potential map of part

Figure 8.
hern Raft River Valley.

of the sout

7
Lb

&
8

s

R R




rface

Two regions show positive SP snomalies in areas of known nrear-su

at east of The Narrows {(A).

i

hot water. One is a narrow norcth-trending zone ju

The other (B) extends through the Bridg@ well and trends north-northeast; it

is flanked about Z km of its length by associated negative zones which

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

eonduit for the near-

with the ridge fault which is assumed to be a major

surface hot vater in the area.

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

‘?“W&f@??@&?’%&@%ﬁ??&l%%@?ﬁiﬁh other

IO TR DR S MO
weh side ©f the

geophysical data. However, it ie coincident with & d%p@aicﬁgnal segment. of

an alluvial fan and {s at the junction of lineaments seen on aerial

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

of

Summary
In summary, the gravity date show accurately the gross struceure

the basin, and yield an approximate thickness of the Cenozoic ba@in £i11.

Magnetic anomalies are related primarily to the veolcenic rocks and are useful

in inferring their distribution end structure. The AMT survey provided a

preliminary indicatien of the resistivity anomalies related to lithology and

structure. The refraction seismic end direct cutrrent resistivity surveys

provide information on the thickness and Tithology of basin fill, and location

of major faults. The significance of the self-potential survey results hes

circulation

not been determined, but anomalies may be related to near-surtface

of hot water along faults.




o
|
|
.
|
|
:
Q

Age of latest movement on the faults is inferred from study of loessic

e north-trending faults near Rridge cut

of loess reflecting at least

aoils mantling the alluvial fans.

“older" fan eurfaces mantled by as puch as 2 m

four deposici@naiawvaihering eplsodes, indicating an age older than the fourth

pluvial interval before the present. The same faults do pot cut, and are

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

deposited in two oF three pluvial eviéodes, 1§ the fourth from youngest pluvial

then the most recent movement on the faults was several

{8 middle Pleistocene,

hundred thousand years before present.

Known occurrences of thermal waters above 16060 in the southern Raft

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

faults with the Narrows structure (Fig. 1), @ northeast-trending linear feature

with regionagfgggghysical expression, probably a basement shear, that passes

ructure

this =

just south of the Jim Sage Mountains. Nearly coincident wit

is @ concealed northeast to east=northeast fault through The MNarrows that

gseparates widely different structural styles in the Salt L&ké'Fermatiéﬁ,wénd

is expressed by the gravity and resistivity. The Bridge fault end other

north-trending fault sets do mot cross this structure.

The drill site for RRGE 1 was selected near cthe incersection of the

Narrowe structure with the Bridge fault, and the well was pf@diat@d to intersect

the Bridge fault and produce not water &t oY below 1,400 m; actually, the fault

zone and flow of water wds encountered between 1,240 and 1,320 m. Seismic

otration of basement rocks in the well

ad resistivity studies predicted pen

&

at a depth oi about 1,600 and 1,400 m respectivelyy setual depth €0 basems

1g 1,390 m. The s fsmic etudy had showed low-

g vock

FOCH,

@

fractuy

well eite, due probably to




1 model for the couthern Raft River basin

Geothorma
chemical and other data suggest that the Raft River geothermal system

ems as described by White,

Geo

fg typical of low-temperature hot water syst

Muffler, and Truesdell (1971)y. Tue-systew apparently 1is self-sealing.

4o not occur at the surface, but a

Masses of secondary silica gnd calgcite

silica caprock was encountered at 3 depth of 1,370-1,373 m.in RRGE 1; many

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

chloride conteat of the waters (1,000 ﬁp

chalcedony and calcite. The high

temperatures no higher then 156Y clearly indicate a

and more) and aquifer

hot-water rather than vapor-dominated system.




The soubthern Ralt River -Vniley geothermal system is probably the result

of deep circulation of meteoric water along major feults; the mest recent

{gneous sctivity in the southern part of the basin epparently tock place

between 7 _and 10 million wears ego, and eny related intfusive masses are LoO

old to be an importent heet source. We propose & model in whlcb me*eorlc

water from the Albion, Tcose Creek and Raft River Mouﬁtains, which have

relatively high precipitation of about 800 m/yr, collects in deep Cenczoic

£ill in the upper Rai RiQér basin west of The Rarrows, and in the

southernmost Raft River Valley, perhaps with minorkcontributions from

ranges east of the basin. Some of this water descends along faults to

depths sufficient to heat it to lh5°,r Heatwflaw values of 2=3 micrgcal/cme/sec

occur in the southerhj?iank of the Snake River Plain (Urben end Diment; 1975V,
which permits Hewiing to 145° at depths of 3= ¥m. Heated water then s

migrates vpward aiéﬁg The Narrows structure and north=trending feults, and

is tapped by welle inte ersecting these structures. Feults -are doubtless @ﬁiy

parts of & condult system that includes permeeble aquifers in uﬁs Selt Lake

Formetion, fractured zones in the Precambrien rocks, and perh&ps, gently

dipping thrust faults in Paleozoic and Precamb?ian rocks.
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