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Geology and Geophysics of the Southern Raft River Valley
Geothermal Area, Idaho, USA

PAUL L. WILLIAMS, DON R. MABEY,
_ADEL A. R. ZOHDY, HANS ACKERMANN
DONALD B. HOOVER, KENNETH L. PIERCE,
STEVEN S. ORIEL
U.S. Geological Survey, Denver, Colorado 80225, USA .

ABSTRACT depth hind sparked ERDAS interestin the area as a potential
site foran experimental binary-fuid geothermal power plant.
The USGS studies were undertuken to provide a scientific
framework for evaduation of the resource and to test the
applicability of various geophysical and geologic technigues
to the study of geothermal resources, and o aid in siting

The Raft River valley. near the boundary of the Snake
River plain with the Basin and Range province. is a4 north- -
trending fate Cenozoic downwarp bounded by faults on the
west, south, and cast. Pleistocene alluvium and Miocene-
Phiocene tuffaceous sediments, conglomerate, and felsic
valcanic rocks aggregate 2 km in thickness. Large gravity,
magnetic, and total ficld resistivity highs probably indicate
a buried igneous mass that is too old (o serve as a heat.

test wells,
The RaftRiver valley is part of an area mapped geologically

_saurce. Differing seismic velocities relute to known or B } o e
/ rred structures and to a suspected shallow zone of warm - sLAIN \
. wr. Resistivity anomalies reflect differences of both swaee o mveR '\
§ composition and degree of alteration of Cenozoic rocks, st ] /
e Resistivity soundings show a 2 to § ohm-m unit with i .

thickness of | km beneath a farge part of the vulley, und
the unit may indicate partly hot water and partly clayey
sediments. Observed self-potential anomalies are believed
toindicale zones where warm walter rises toward the surface.
Boiling wells at Bridge, ldaho are near the interscction
of north-northeast normal faults which have moved as
recently as the late (?) Pleistocene, and an cast-northenst
structure, probably a right-iateral fault. Deep circulution
of ground water in this region of relatively high heat flow
and upwelling along faults is the probuble cause of the
thermal anomaly. ’
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INTRODUCTION

A flow of about 2000 1/min of water at hottonthole
temperatures of 147°C has been produced from a 1526-m-
deep well completed inthe Raft River valley, southern ldaho,
carly in 1975 The well was drilled after an integrated
geologic, geophysical, and hydrologic expiorition program
begun a year and a half earlier by the U.S. Geological
Survey (USGS) in cooperation with the Encrgy Rescarch
and Development Administration (ERDA). Drilling of addi-
tional weils is now (May 1975) in progress.

The southern Raft River valley near Hridge, 1daho (Fig.

vas designated a Known Geothermal Resource Area

k

SwwJRA) In 1971 by the USGS (Godwin et al., 1971) on Figure 1. Map of the Raft River valiev region, Idaho and

the basis of two shallow weils—Bridge and Crank—that Utah, showing major faults thar and ball on downthrown

®9  flow boiling water (Fig. 2). The boiling wells and geochemical side; arrows indicate relative direction of movement! and
thermometry suggesting temperatures of about 1S0°C ot anitchiees gim Sage Mountaing only). :
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Geologic and gravitational features of the southern Rait River valley. Loft, area map showing Bouguer gravity
’ units in the area map and the cross section and a key o
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I reconnaissance by AL L. Anderson (930, Ground-varer
studies by the USGS have been carricd out over 4 poriod
of four decades {(Stearns, Crundall, and Steward, 1Y38: Niice
ctal, 1961 Mundorff and Sisco, 1963 ynd also Walker
et al., 1970, in cooperiation with the Idaho Department of
Water Administration). Gcwhcmi\(x‘y of the wader from the
Bridge and Crank wells is described by Young and Mitchell
(1973).

SURFACE MANIFESTATIONS AND EXPLORATION

The presence of o geothermal reservoir in the southern
Raft River valley is evident in only a few places. There
. N ) A
IS a warm seep (38°C) neur Intermediate depth well (Ingf
in The Narrows (Fig. 2), and altered alluvium around the
Bridge well muarks the site of a former hot spring. Tow
dissolved solids in water from the. Bridge and Crank wells
are 1720 and 3360 Ppm, respectively: aquifer temperatures
inferred from the silica and Nua-K-Cy seothermometers
(Young and Mitchell, 1973) are nearly the same as the
maximum temperature (147°C) measured in the [irst deep
exploration well, RRGE 1. There are no tufy or sinter
mounds. Gray Tertiary tuffaceoys sediments are altered to
light green and focally weather 1o yellow: accumulations
of chalcedony locally are present. Lava and flow breccia
exposed in The Narrows gre altered from black and brown
toyellow along faults and fractures, bu Magiockise feldspars
remain fresh. The Ereen and yellow colors probubly indicare
formation of montmorillonitic clays, proving definiie b
weak and nonpervasive hydrotherma) alteration (C. R,
Nichals, oral commun., 1974), -

The fimits of the geothermal reservoir remaim undefined,
Warm water flows from several irrigation welly throughout
the Raft River valley, and temperatures of 70°C were
measured on the surface in water leaking from 4 completed
but nonproductive oj] test drilled near Ml (Fig. 1. Warter
temperatures of 60 and 8C, respectively, were measured
in wells northeast of Albion and near Almo (Fig. 1); (Younyg.
and Mitchell, 1973),

Initial shallow drilling was begun by the USGS cooper-
tively with ERDA in 1974 10 determine femperatures and
flow in the shallow aquifer. A total of 12 auger holes were
drilled to depths of about 30 m in and near the Raft River
flood plain between Bridge and The Narrows. An offsey
to the Bridge well was drilled 1o 4 depth of 123 m. In
1974 and early 1975, five core holes were drilted in coopera-
tion with [dahg Department of Water Administration to
intermediute depths of 76 10 434 M 1o test hydrological,
geophysical, and geologic models: the deepest of these., No.
3, encountered water at 90°C near the hottom. The first
deep hole, Rafr River Geothermal Exploration (RRGE) 1,
was drilled by 3 commercial contractor for ERDA, and
was completed early in April 1975 o a depth of 1526 m.
The Bridge fault Zone was in(crscclcgj\bcx'.vceg_‘240 und
1300 m. and yielded a flow ()tﬁdﬁiuff() l/\Tcgu subsurface
temperatures of 140 (o 147°C. Cuttings from oil tests near
Malta. Naf, ang Strevell (Fig. 1) also yielded valuable
information on the geology of the basin,

GEOLOGIC SETTING

The lower Raft River valley in southern Iduho lies in
anacth-trending basin both warped and downfaulted in late
Cenozoic time. The basin is in |he northern part of :he

Basin and Range provinee near s boundary with the Snitke
River plain About 60 7511),1(,11\‘&:411;(*3&LQ,;J kmowide, wigh
anaverage surface clevidion of 1400 ;71_.(h?}?n,\7n\if\' filled
Wi Cenovoie sediments (o an infesred depth of 1800 1,
20000, The Rafy River flows northward through the basin,
which opens onto the Snake River pliun. North of the Raft
River basin is the promment Grear Rify system of open
fragtures in very young basalt flows (ha extends northwurd
SO km 1o Craters of the Moon National Monument. The
basin is flanked on (he westoeast, and south by mountain
Fanges made up of Tertiary, Palcozoic, and Precambrian
Focks respectively, On the castare the Subleyy Range thigher
clevations about 2000 m) and the Black Pine Mountains
(2900 m) consisting muinly of faulted Pennsylvanian
Permian sedimentary rocks (R, 1 Armstrongand J. Smith,
Je, ol commun., 1974). On the west, the Cotterel and
Jim Sage Mountains (2500 nn), formerty grouped as the
Malta Range. are muide up of Tertiary rhyolites and tuffa-
ceous sediments, which in (he Jim Sage Mountains define
abroken antiform sructure, as first noted by Martin Pruan
(oral commun., 1973y, Dircetly 1o the west of the Cotterel
and Jim Suge Mountains, and separated from them by a
narrow fault valley, fie (he Albion Mountains (3000 mj.
Rising southwird from the basin are the Raft River Moun-
NS (300 m), one of the few cast-trending mountain ranges
in the North American Cordillery, The Albion and Rafy
River Mountins CApOse gnciss-dome complexes of Precans-
brian (2.4 hillion yearsh adamellite (quuy menzonite) man-
Hed by Precambrian ;i lower Paleosone metinedimentary
FOCRS and by wlochthonauy upper Paleozoie sedimentary
YOCKN (TPelin, Juse: Armistrone, jvax- Compion, 1972). prijy
data are dcrmn‘\'n';mng that the metimorphic compley (-
rectly underlios ENCRSIVE parts of (he Cenoroic fill of the
Raft River bisin
Strevell oil tests indicate the presence of metamorphic unigy
resembling those in the Raft River Mountaine, and not o
thick succession of nmetamorphosedd Paleozoic rocks that

T would have been inferred from wulcrops,

Rock units and surficial deposis recognized in the south-
ern Raft River basin and adjaeent ranges are summarized
inTable | Prc-’l‘crli:n‘},' U e those described by Compron
H972) most of these s do ot crop ou jn the mapped
area (Fig. 0,

GEOPHYSICAL STUDIES

Gravity Measurements

Gravity stations were established at 330 points in the
arca of Figure 2. The data were reduced to the complete
Bouguer anomaly assuming a density of 2.45 g/cm?*. The
procedures used were designed to produce Bouguer anomaly
values accurate 10 0,2 mgal (miligal) exeept i areas of
high locul topographic relicf where the uncertainiy in the
lerrain correction may be as large as 0.4 mgal. The gravity
map of the region (Mabey and Wilson, 1973) shows a series
of lows.along the cntire course of the Rn'f_l___&‘_&'.cr_;i;hg_(’_gy
mmwhm-—of these. Bouguer
“;““Jﬂ'é-‘ rise TOWHFT HESOVET The Black .@i@:&nﬁ
River Mount ns o high centered over the ;l“U\M
sou{f\MoTShccp Mountain T The ch<torn Jim Sage Mountains,
The 1:1i;:iﬁl-)v—l~x~l\;"~i'm'\_IM\ll_\' by the density contrast
between the Cenozoie sedimentary and volcanic rocks.
cateulated from the data to be about 2 km 'thick, and the

Borchaole cuttimgs from the Malty and.




=

. SOUTHERN RAFT RIVER VALLEY GEOTHERMAL AREA, IDAHQ) 1277

Table 1. Rock units and surficial deposits of. the southern Rait River basin and adjacen ranges. Letter symbols relor o
map units in Tigure 2.

Age

Auaternary
Haolocene and
Plestocene

Description

Altuvial and colian <lUQss, Alluviom of mapor dramage (o
Fan alluviun: Coarse 1o fine, moderately wellsonted sabangudar gravel on piodmont dopes Youny gravels WA deposited during

tast pluvial epsode; middle gravels (Qfmt deposited aunng Lis 2 or 3 pivnal epeades. ol graveis (101 oldee than therd ofdest
pluvial episade:; age of undwided graviels €O was non deternuned

Pleistocene
Tertiary
Phocene and
Miocene tf)

*Rait Formation: Sand, gravel, silt and clay beneath Raft River Valley iFig. )

Volcamc domwes (Td). Extrusive and shallow inteusive glassy and Tithoaidal, rthvoliie domes cantaning phigioclese phenocnsts at and
north of Sheep Mountain, at Raund Mountam, and along south odge of mapy area. Radiometnd aws ane Sheep Mountain dome,

7.8 = L muy. (zircon Dission-track, €0 W, Naeser, USG5 and 8.42 = 0.20 muy, (K-Ar feldspar, 10D Obradovich, US G5
Round Mountain dome, B.3 = 1.7 muy. (zircon fission-track, C. W, Naeser),

Welded wif (Twil. Thin glassy rhyolite ash-llow tulf on Codar Knoft, aod in Malta and Nat wells Kadiometrie age, 70 = 20 oy,
(zircon fission-irack, C. W. Navser). tntercalated in uppee member of Salt bake Formation,

Pliocene and
Miocene

Salt Lake Formation. Total thickness, aboat 1800 a1 In western pant of basin, divided by volcanic member at Jim Sage Mountun
into upper and lower members. Tulfaceous sandstooe, silistone and conglomerate, In RRGE 1, the upper 670 m i< Bght-green

andd gray tuffaceous sandstone and siltistone and coarse-grained sandsione o conglometane: the Tower $70 mo light-geevn bedded
tull, wifaceous siltstone and sandstone, and tan calcarcous silistone and Taminated shale 1o the Nai well, the upper 1) m
is dominantly gray and 1an tuffaceous sandstone and silistone; the fowee 260 m is maostly conglomeraie and sandstone,

Upper membur (Tsul; Gray and light-green tulf, tuifaceous sandstone and silistone, and buff and gray conglomerate,

Volcanic member at fim Sage Mountain: Consists of rhyalite llows (Tsjy, divided into upper (Toud and lower (Tl units awhere
separated by a vitrophyre breccia unit (Tsiby, Flows | 1o S0 my thick of black wglassy and red-brown parphyertsc-aphaminic cale -aikali
thyolite containing phenocrysts of oligo lase-andesite amd pigeonite: upper it has normal magonenc polaoty; most ows in lower
unit are magoetically reversed. Vitiophyre breccia wit Consists of black plase clante 0 few centimeiess 1o 2 moan dhameter an
a yellow and oraege matrix of hydrated glass; rare tongies of glassy v have reversed et polaridy s woet replacad fneerally
by bedded il in southern Jim Sage Mountams. Radhometnd dates on upper flow unit: 9.2 = 0.5 m y. th-Ar whole rock, Arnwrrang,
Leeman, and Malde, 1975); 9.4 = 1 6muy. (zircon tission-track, C. W, Naceer), i

Lower member (Tsh): Gray and white, thin-hedded 1o massive, talt and tuifaceous sandsfone, white 1o Light-grevn shale and silistone,

and sparse beds of fine-grained conglomerate.
Permian and
Pennsylvanian
Pennsylvanian and
Massissippian
Ordovician

* Manning Canyon (1) Shale: Dark-gray phyllite

“Bweka () Quartzite: While melagquartzite

Oquirrh Formation: Dark-gray sandy fimestone and calcareous sandstone

*Fish Haven () Dolomite: Gray il Cream-colored metamarphosed dafomine

Pogonip (2} Group, Undvided: Tanswasathering smpure maghle

Cambaan ()

* Schist of Mahogany Peaks: Dark-broswn biotte-muson e s hist

*Quartzite of Clarks Basin: Quartzite with thin muse oy atebuotite so hist interbneds

Precambrian {7}

* Schist of Stevems Springs: Fine-graimed miise onvmte-quartz schist and graphite phy Hite

*Quartzite of Yost: White, [ocally green, muscovie and hematitd quantzine

*Schist of upper Narows: Dark-brown biotie quartzoteldspathic st and gocies, oo i m KKGE  lrom T 10 1408 1
) \ .

£l Quiartzite: White 10 pale-tan miuscovitic quantste o n KRGE 1Tl T340 1518 1

Precambrian * Older schist: Brown mica schi

*Adamellite: Bodics of @assive and e porphyrit, adamellite: an part atrisse mto Precamboan (4 metamorpine rocke anxid
. . b . N
i pact older than thowe ks, Fors gnens domes inwestern Roft River Kaoge and Albon Raose Occors s RRGE T Deloa

1518 m

* Unit daes not Crop out in map area, but is present in nearby area and 7or i subsaifa e,

more dense pre-Cenozoic “basement’ rocks. Relatively
small variations in the gravity field superimposed on the
large low may reflect mass anomalies within the Cenozoic
rocks or within the basement rocks.

Aeromagnetic Data

An aeromagnetic survey of part of the area was flown
with north-south flight lines 800 m apart and 1800 11 above
sea level, The magnetic data are shown as o residuad map
in Figure 3. On the cust side of the Jim Sage Mountains
the magnetic anomalies correlate with the mapped distribu-
tion of volcanic rocks. Major highs und Jows are associated
with normally and reversely magnetized units. A general
corrclation between magnetic intensity and the gravity high
south of Sheep Mountain suggests that the busement rock

_isslightly magnetic. The absence of large magnetic anomalies

vithin the area of the major gravity Jow suggests that volcanic
ock is not a major part of the basin fill. Two clongute

"magnetic highs south and cast of Sheep Mountain may be

produced either by volcanic rocks or by muagnetic units
within the busement rocks.

Scismic Refraction Mceasurements

Seismic iefraction spreads were obtained in an arca
extending from the Jarge gravity Jow in the central part
of the Ralt River valley (g 9 southwestward into The
Narrows and westward from the tow, across altuvial fans
cast ol the Jim Sage Mountiins, All spreads were shot from
bath directions, bul complete reverse basement coverage
was obtained onconly part of the spreads,

Thiee major velocity umts were mapped: $.210 6.7 Kkmy e
for the_pre-Tertiury basement rocks, abaut 4 kin/see for,
Tertiary voleunic rocks, and less than 4 km/sec for 'l‘crli};l'k_\"

:cgliqﬁcn@;u’,y_,tl)uk.\.

Three arcas of diffecrent seismic velocities that correlate
well with geologic and topographic features were defined
in the Cenozoic rocks. One aren is confined largely 1o the
central part of the valley, but it also extends lower parts
of the alfuvial fans. In most places the velocity sections
are typical of those expected from a basin containing a
thick succession of poorly consolidated sediments. The
sceond arca iy confined to the alluvial fans, Vc‘l_bcilics in
the range expuected for fava flows thigher than those encoun-
tered at comparable depth in the first area) occuriat depths

}
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IR 3 2 the Bridge fault to The Narrows in o strip about 1.5 km

wide. layers with 2.5 ki /sec velocitios are within a few
tens of meters below the surface. sugeesting hydrothermal
induration of the sediments.

\/ ) local fracturing.,

Audiomagnetotelluric Soundings

MOUNTAINS

Sixty-eight audiomagnetotelluric (AMT) sounding stations
were occupied in the southern Raft River valley. At cach
station two soundings were made. one for a north-south
and the other for un cast-west orientation of the telluric
line. Scalur resistivities were caleulated at cach of 10
frequenciesin the range & to 1R 600 Hz to deline the sounding
curves, and maps were prepared for several of the frequen-
cics to delineate areas of anomalous conductivity. The station
spacing of 2 to 3 km defines only the gross conductivity
variations in the arca,

Figure S shows two AMT apparent-resistivity maps made
at 26 Hz for cach orientation of the telluric line. Differences
in the maps reflect the presence of Tateral resistivity varia-
tions near the sounding site. The range in apparent resistivity
values is from about 2 to 200 ohmi-m at 26 Hz. The skin

M SacGe

§
(Q f .:‘v":“
S

o [T ] Quaternary deponts
[
7] Tertiary rocus
(ML Pre-Toesiary rochs

depths (which are the approximate exploration depth) for
these resistivities at 26 Hz are 140 to 1400 m,

Examination of the two AMT maps shows that the most
prominent resistivity high is just cast of The Narrows. This
correlates with a north-trending structural high scen on the

Cgravity map and a corrclative high in the total ficld data,
The differences in apparent resistivity between the two
oricnatations indicate that the edge of the body was close
to the station, and together with the gravity anomaly imply
a narrow body. Fair correliation is evident between the AMT
high and the gravity high near Sheep Mountain, The largest
AMT low, in the vicinity of the hot wells, is defined by
the 14-ohm-m contour.

Figure 3. Aeromagnetic map of the southern Rait River valley.
Contour interval 100 gammas.

less than 400 m. The third area is in and near The Narrows
where high-velocity rocks (volcanics) are near the surface.

A typical velocity regime for water-saturated unconsoli-
dated or partly consolidated basin fill s a gradual velocity
increase with depth from about 1.5 o 2.5 kin/sec. Much
of the valley area is underlain by rocks of these velogitics;
nowhere do interpreted velocities exceed 3.0 km/sec. From

VELOCITY

[:: < 2.5 kmAec e “
[HHTTT] 2:5-3.0 kmAsec

[: 3.0-3.5 xmAec

1 3.5-3.8 km/sec

4.2-4.8 kmAac
8.2-6.7 km/sec

=
T
\l LIT

R

: Figure 4. Seismic profiles of the southern Ralt River vailey.

Basement velocities vary between approximately 5.2 and .
6.7 km/sce, probably indicating lithologic differences or
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Figure 5. Audiomagnetotelluric apparent-resistivity maps of the southern Raft River valley, Resistivity contours shown are
a logarithmic interval in ohm-meters.

o -
e

arect-Current Resistivity Survey

A bipole-dipole total field resistivity survey consisting
of 269 total field stations occupied about a current bipole o — 2 ‘Ti
3.22 km long. At each station the potential differences were - Matia,
recorded between three potentiul electrodes (M. N, und e
N") placed at the corners of a triangle and the electrice ficld

k]
components were calculated from the approximations. ‘ \é‘)l 5;
A A |
v v v f N Sheap Min :
MN MY NN i - N\ @ b
= cEpn = CEn = , IR '
MUMNT MY MmN TN T NN 3 / //
2

These three components were added vectorially, using polar
plots, to obtain the direction and the magnitude of the total
clectric field E. The lengths of the sides of the measured
triangle ranged roughly from 30 to 100 m. Electric currents
in the range of 40 to 60 A were provided from a 40-kVA
truck-mounted generator, and the differences in potential

JIM SAGE

at the ficld stations were measured on potentiometric chart e

tecorders. /‘"'
-Figure 6 shows the normalized (or reduced) apparent-re- y /\ Roung

sistivity map which is obtained by calculating the ratio . < ""‘\"’sw

between the observed and theoretical apparent resistivities
for horizontal layering beneath the center of the current
bipole (Zohdy, 1973; Zohdy and Stanley, 1974). In general, il

arcas outlined by values greater than unity indicate that 0 3w

Cuaternary depowity

*section contains more resistive materials or that basement

© ks are shallower than at a sounding made at the current
~oipole, or both. Conversely, areas outlined by contour values
less than unity designate the opposite. 1t should be noted.

Tertiary rochy

WU Pre-Tertiary roens

Figure 6. Normalized bipole-dipole resistivity map ol the
southern Raft River valley. Resistivity contours shown are a
logarithnuc interval in ohm-meters.  *

et ot mieem o e




1280 WILLIAMS, MABEY, ZOHDY, ACKER

E Variable resistivity
D <8 ohm-metres
8-20 ohm-matres
E—_::] 20-80 ohm—rﬁolrn
>80 ohm-matres

MANN, HOOVER, PIERCE, AND ORICL

Figure 7. Resistivity profiles of the southern Raft River valley.

presence of steeply dipping f:
_differences in resistivity. .

37y

wlts separating media of large

Seventy-nine symmetric Schlumberger soundings were
made. The maximum electrode spacing (A8/2) for must
dings ranged from AB/2 = 914 m (3000 1) 1o AB/2 =

e
1 ff
'

ws '9
S, \0
’?'9049,? \

=4
&

[~

CONTOUR nif AvaL 10 wy .

ﬁo-mumqry deposity Tertiary rochs
[[IHHHID Pre-Tos Tiary rochs

wre 8. Self-potential map of part of the southern R
. valley,

3660 m (12000 fO. All the soundings were automatically
processed and interpreted (Zohdy. 1974a, {97s; Zohdy,
Jackson, and Bisdorf, 1975) using a DEC-10 digital computer
and a Hewlett Puckard 7203A graphic plotier, Equivalent
solutions o the automatically obtained ones were derived
by ;nljusling the corresponding D, Z, (Dar Zarrouk) curves
(Zohdy, 1974h).

Figure 7 shows (wo resistivity sections based on some
of these soundings., The high-resistivity  material (>80
ohm-m) underlying most of the section is pre-Cenozoic
basement rock, Resistivities between 20 and R0 ohm-m
probably reflect voleanic rock or coarse clastic sediments.,
Resistivities below 2 ohm-m are probably finer-grained
sediments. In the middie part of both sections js a low-re-
sistivity layer (3 10 & ohm-m) in the Salt Lake formation
with an average thickness of about 1 km. Drilling data
indicate that this layer is fine grained, consisting of silt
and clay, and is weakly hydro(hcrmn“y altered.

Self-Potential Measurements

A scif-potential (SP) Survey was made in the area of
known hot” wells and warm secps. from The Narrows to

“the vicinity of Bridge. The SP map (Fig. §) was made with

an electrode spacing of SO0 m ang so does not define

short-wavelength anomalies. No large-amplitude anomalies

were found: the maximum observed was about 60 mV, and
anomalies are in part masked by topographic effects seen
A5 more negalive polentials as one goes higher up the
pediment slopes. "

Two regions show positive SP anomalies in areas of known

near-surface hot water. One W—lmnding zoqe
just east of The Narrg}gyé‘?'ﬁz_ﬂ_\_c other (B) extends, lhsp_aigh
J‘E\E:Ef\'dfsﬁ.@?@_}};@} -Dorth-northeast; it is_flanked
for about 2 km of its length by a ociated negative zongs
k@ﬁib’ﬁ"fw‘r‘é‘ﬁﬁﬁﬂy"':TrE‘LT{Tc’ 1o the decper negagive sourge

pote” This anomaly correlaies with ‘gbg_‘[j\ridgc fault which
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.of the Cenozoic basin fill.
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ls assumcd to be a major conduit for the near-surface hol
walerin the area:

A large posmvc anomaly (C) found just south of the
area of hot wells on the south side of the Raft River does
10t appear 10 correlate with _other geophysical d.l_(_d.
However, it is coincident with a dup(m(mml segment of
an alluvial fan and is at the junction of lincaments seen
on aerial photographs The significance of this anomaly is
not yet clear. -

Geophyﬂcalsbnunary

In summary, the gravity data show accurately the gross
structure of the basin, and yield an approximate thickness
Magnetic anomalies are refated
primarily to the volcanic rocks and are useful in inferring
their distribution and structure. The AMT survey provided
a preliminary indication of the resistivity anomalies related
to lithology and structure. The scismic refraction and direct-
current resistivity surveys provide information ubout the
thickness and lithology of basin fill and the location of
major faults. The significance of the self-potentiai survey
results has not been determined, but anomalics may be
retated to near-surface circulation of hot water along faults.

An evaluation of the geothermal resources of the southern
Raft River valley and similar areas requires an understanding
of the geology in three dimensions. This can be obtained
only through knowledge of the regional geology and geo-
physics, detailed geologic mapping in the immediate arca
of interest, intensive geophysical surveys, and test drilling.
We have not discovered any geophysical technigue for the

ircct detection of thermal waters. -

\

STRUCTURE

'

The geometry of the Raft River basin is well-defined by
the gravity survey. Thicknesses of the Cenozoic basin {ill
p?éaiciéil from gravity, resistivity, and seismic data are in
closc agreement and are confirmed by drilling at RRGE

, where Precambrian rocks were encountered at a depth
01 1390 m. The concealed basement high eust of Sheep
Mounl.nn (Mabey .md Wilson, 1973) trcnds northwc\t FIGTOTY
lhc northcrn Jim Sagc Mounmms and app'm.nlly is an
extension of the ‘Big Bertha gneiss dome of the Albion
Mountains (Armstrong, 1968). Intermediate drill-hole No.

5 encountered Precambrian (7) adame ";1_“;11 210 m.a. depth
predicted from the gravity study.. ~

The Cenozoic rocks, including Pleistocene fan gravels,
are cut by numerous faults that in a generul way parallel
the east, west, and south basin margins (Fig. 1). The faults
with greatest displacement, as determined from steep gmvnxy
gradients and steep gr: @Qrm'xhzcg_lgl:t!jgg/r_
tivity are (l) the north- (rendmg Bridge fault; (2) a fault
system_ along the wcst front of the Bluck Pine Mount Lains;
and (3)_a _concealed east-west gt\thwThE” in the
southern part of the basin at about the fatitude of Round
Mountain (Fig. 1. (‘fnerdlly, the Taults show downward
dmpl..\ccmcnl toward the center of the basin: eastward dips
n bedding of 15 to 30 degrees on the east flank of the

im Sage Mountains anticline augment basinward strati-

af fault,

~—"graphic throw on the faults. Faults are inferred 10 dip 60

o 70 degrees based on measurement of Iractures (0 th
core fmm Intermediate drill hole No. 3, direct measurement

of an cxposcd fault planc in the volcanic member of the

along maJ_Q[L_ml
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\um and th LLuany of m(uxuumn u( the Bridge fault
II'I RRGE I

) Ww the fanlts is inferred from
study of foessal soils mantling the alluvial fans. The north-
trendig TAuTEs neir Nridge cut
by as much as 3 m of loess reflecting at least four deposition-
al-weathering episodes, indicating an age older than the
fourth pluvial interval before the present. The same faults
do not cut, and are covered by, fans of “‘middle’ age,
which are mantled by 0.6 to 1.5 m of loess deposited in
two or three pluvial episodes. If the fourth-from-youngest
pluvialis 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 in
the southern Raft River basin are located near the intersec-
tion of the north-trending normal faults with the Narrows

strugmu (Eu; 1) Y nu(hc‘\sl (rcndmg linear featurc w 1Lh

Salt Lake formation at Jim Sage Mountain, gravity express

*fan surfices mantled

Solder”

that passes )ll.\l s()ulh of llu. Jlm Sﬁg,u \1mmm|ns. \Ju‘uly
coincident with_this structure is a concealed northeast 10
cast-northeast fault through The Narrows that separates
w:(lfly dn(ﬁ,rcnx structural styles in the Salt_Lake formation,
and is expressed by gravity and resistivity. The Bridge faulf
and other north- -trending faulht sets do I;(.);{CIOSQ this structure

“The drill site for RRGE | was selected near the mtu\cumn
of the Narrows structure with the Bridge fault, and the
well was predicted to intersect the Bridge fault and produce
hot water at or below 1400 n1: actually, the Tault 7one and
flow of water was encountered between 1240 and 1
Scismic and resistivity  studies predicted puull.llmn of
busement rocks in the well at a depth of about 1600 and
1400 m respectivelys actual depth to basement is 1390 m.
The seismic study had showed low-velocity basement under
the well site, due probably to fractured rock, and this proved
to be so.

GEOTHERMAL MODEL

Geochemical and other data suggest that the Raft River
geothermal system is typical of low-temperature hot walter
systems as described by White, Muffler, and Truesdell
(1971). The system apparently is self-scaling, Masses of
secondary stlica and caleite do not occur at the surface,
but a silica caprock was encountercd at a depth of 1370
to 1373 m in RRGE 1; many fractures in cores from the
intermediate-depth wells are filled with chalcedony and
calcite. The high chloride content of the waters (1000 ppm
and more) and aquiler temperatures lower than 150°C clearly
indicate s hot-water rather than vapor-dominated system.

The sowthern Raft River valley geothermal system is
probubly the result of deep circulation of meteoric water

ajor fuaults. TRE MosT FEEEnt igneous nctivity in the
southern part of the basin apparently took place between
7 and 10 million years ago, and any related intrusive masscs
are too old to be an important heat source. We propose
a model in which meteoric water from the Albion, Goose
Creek, and Raft River l\hmn(;\insrqvhich have refatively
high precipitation of about 800 m/yr. collects in deep
Cenozoie fill in the upper Raft River basin west of The
Narrows and in the southernmost Raft River vailey, perhaps
with minor contributions from ranges cast of the basin.
Some of this water descends along Fuubs to depths sulficient

Mt
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to heat it to 145°C. Heat-flow values of 210 3 pcal/em?/sec
occur in the southern flank of the Snake River plain (Urban
and Diment, 1975), which permits heating to 145°C at depths
of 3 to 5 km. Heated water then migrates upward along
The Narrows structure and north-trending faults, and s
tupped by wells intersecting these structuses. Faults _are
doubtless only parts of a conduit system that includes
permeable aquifers in the Salt Lake formation, fractured
zones in the Precambrian rocks, and perhaps, gently dipping

thrust faults in Paleozoic and Precambrian rocks.
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