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ABSTRACT .

Alteration zoning in the Raft River geother-
mal system fs similar to other moderate-tempera-
ture liquid dominated systems. X-ray analyses of
cuttings from deep exploration test wells indicate
that montmorillonite occurs primarily in the outer
portion of the system and that with fincressing
temperature, montmorillonite 35 replaced by
chiorite and mixed-layer clay. Kaolinite and
il1ite are present throughout the system. A par-
allel change is recorded in the distribution of
zeolites. Clinoptilolite is the doninant zeolite
in the Tow temperature portions of the field.
Within the higher temperature portions of the
field which are characterized by chlorite and
mixed-layer clay, wirakite/analeime and
Taumpntite are the tnpertant zeolites.

INTRODUCTION

Purpose and Scope

This report describes gealogical and mineral-
ogical data from the Raft River geothermal system
lTocated in Cassia County, [daho, The study was
sponsored by the U.5. Department of Energy in sup-
port of D0E's Hydrothermal Injection Research and
Development Program. The purpose of the study was
to characterize the subsurface stratigraphy and
geethermal nineral assemblages present in the Raft
River system that could ultimately affect the
results of injection research studies.

Previous Investigations

A geothermal exploration program was begun
during 1973 by the U.5. feclogical Survey in co-
operation with the .S, Department of {nergy.
Resuits of these early programs were summarized by
Williams and others (1976). Covington {1980)
later described the subsurface geology and factors
contributing to the convective hot water system
based upon drilling data from deep exploration and
production wells, A report presenting and inter-
preting the geclogical, geophysical, geochemical,
and hydrologic data was suhsequently compiled by
Dolence and others {1981,

CENLOGY

Regional Setting

The Raft River Known Geothermal Resource Area
(KGRA) is situated in Cassia, County, [daho within
the northeastern Rasin and Range physiographic
province near the southern border of the Snake
River Plain and the western border of the Middle
Rocky Mountain province. e
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Figure 1. Regional Location Map

The Raft River Valley (Figure 1) is = north-
trending Cenozoic  structural basin  (Covington,
1980} bounded on the west by the Jim Sage and
Cotterel Mountains, which are composed of Tertiary
rhyelitic voleanic rocks and volecaniclastic sedi-



ments. Allschthonous Paleczoic rocks are exposed
to the east in the Black Pine and Sublett Moun-
tains. The Raft River Range to the south and the
Albjon Mountains to the extreme west are composed
af an autochthopous gneiss-dome complex of Precam-
brian adamellite mantled by metasedimentary
rocks. Compton and others (1977} have described
two major allochthonous sheets exposed within the
Raft River Range resulting from regional metamor-
phic events that occurred during 01igocene (ending
before 38,2my) and Miocene (stil} wunderway at
24.9my) times. Metamorphic relationships from
these studies further indicate as much as 30km of
eastward transport after wnmetamorphism. Results
from age dating indicate that some localities
cooled below temperatures of 400°C as Tate ss 10my

ago,

Covington {1982} has proposed a tectonic de-
nudation model for the Raft River basin to account
for the absence of allochthonous Paleozoic rocks
beneath the Raft River KGRA, and the chaotic na-
ture of seismic reflectors within the thick
{enpzoic hasin fill.

Mapped geologfc relationships and geophysical
anomalies have indicated the existence of two
steep, deep seated transcurrent structures called
the MNarrows and Cassia Creek structures [Coving-
ton, 1982}. The Narrows structure, which may in-
fluence the geothermal system, passes through the
Tower Narrows of the Raft River at the southern
end of the Jim Sage Mountains, and through the
Raft River KGRA (Figure 1), Surface exposures of
volcanic rock units on opposite sides of the lower
Marrows indicate right-lateral offset along the
Narrows structure. Eastward along the Marrows
zone, there is no direct evidence for the exis-
tence of a discrete structure., The Bridge and
Horse Wells fault zones terminate southward at
their apparent Jjuncture with the Narrows struc-
ture. Seismic data suggest numerous discontinui-
ties within the Cenozoic basin fill within the
zong, but deep drilling data indicate no apparent
disturbance of the basement rocks. Cenozoic basin
fitl south of the structure appears less indurated
than to the north,

Covington (1982) has proposed that the
Marrows structure s & near vertical detachment
surface within (enozoic basin  fill that has
alltowed lateral movement at the southern end of
the Jim Sage Mountains,

Precerbrian Rocks

Precambrian rocks penetrated by deep test
wells in the Raft River KGRA are comprised of ada-
mellite {quartz monzonite) basement overlain by a
scries of schists and quartzites. The adamellite
has been described by Covington (1977} as gneis-
sic, light to dark greenish-gray with a trace of
pyrite and nagnetite, Adamellite 1is overlain
locally by the Older Schist, a discontinuous bio-
tite-chiorite-muscovite-rich quartz-schist, The
Etha Quartzite, a muscovite hearing quartzite,
rests tocally upon the Older Schist. Where the
Older Schist is absent, the Elba rests directly

upon adamellite, The Upper Narrows Schist, a
biotite-muscovite-quartz schist, and the discon-
tinuous Yost Quartzite overlie the Elba Quartzite.

Salt lake Formation

Mid-Tertiary rocks of the Salt Lake Formation
comprise a thick (up to 1600m) sequence of tuffa-
ceous sedimentary rocks of largely fluviatile and
possibly lacustrine origin. Fine grained tuffa-
cepus Tithologies predominate in the section with
conglomerate as a minor rock type, Siltstone and
sandstone of the Salt lake Formation, as seen in
core samples have been deformed by nurmerous high
angle microfaults and bedding convolutions, Red-
ding is commanly inclined 10 to 30 deqrees.

Paft Farmation

Non-indurated Plaistocene depnsits consisting
of quartz sand, silt, and gravel which overlie the
Salt lake Formation and reach thicknesses of up to
300m have been assigned to the Raft Formatian
{Dolence and others, 1981). The Raft Formation -
Salt Lake formation contact s gradational and
difficult to distinguish.

Hydrothermal Model

The Raft River geothermal system {Figures 2
and 3) is characterfzed by up to 1600m of Tertiary
and Quatermary (Salt lake Formation and Raft
Formation respectively} basin fil} unconformably
overlying Precambrian metasediments, which in turn
overlie Precarbrian adameltite,

Geothermal fluids originate through deep cir-
culation of meteoric water within an area of mod-
erate thermal gradfent. The primary reservoir
rocks are fractured crystalliine basement rocks
which are probably recharged within the Raft River
and Albion mountains where correlative rock units
are exposed. The geothermal fluids penetrate wup-
ward through the overlying Tertiary volcaniclastic
sediments through numerous faults and open frac-
tures {(Figure 3).  Mumerous open fractures have
heen determined from borehole televiewer Togs
(Keys and Sullivan, 1979}, and core samples taken
from drijling. Covington {1982) depicts the fault
conduits as increasing in frequency with increas-
ing depth and to he Tistric or cancave in nature.

ALTERATION STURIES

Mineralagic zomation patterns for ceolites
and clay minerals were obtained from X-ray powder
diffraction anatysis of cuttings, The samples
were compasited over a 30 foot drilled interval
heginning at each 100  foot  level in the
subsurface.

Figure 4 illustrates the :zonation of clay
minerals within the Raft River system. In gener-
al, clay mineral alteration is greater within the
volcaniclastic sedimentary rocks of the Salt lake
Formation than within the crystallire hasement.
Montmgrillonite is prevalent at high fevels within
the system, giving way to corrensite [or aixed



layer clay} and chiorite at lower levels, Illite
appears throughout most of the system and may be,
in part, detrital in origin, Kaolinite is ubiqui-
tous throughout the system, particularly at depths
greater than 3500 feet.

Figure 5 fllustrates the general occurrence

of zeolites within the Raft River system. Clinop-
tilelite associated with minor natrolite s
present to depths of about 2000 ft. ‘Yeirakite

apdfor anmalcime, and laumontite are  the
predominant natural zeolites at greater depths.

Clay mineral distributions within the Raft
River system display temperature-depth relation-
ships similar to those of other geothermal sys-
tems., Elders and others {1980), for example, da-
fined the vertical distributions of hydrothermal
minerals with respect to temperature at Cerro
Priete, They showed that montmorillonite and kao-
linite occurred in moderate temperature zomes {100
to 150°C} whereas chlorite and illite were charac-
teristic of the higher temperature {175 to 225°C)
regimes. Clay minerals within Mew Zealand geo-
thermal systems have been observed to change, with
increasing depth and temperature, from Ca-montmor-
illonite becoming increasingly stratified with il1-
1ite, to itlite amd chlorite, which dominate the
asserblage at temperatures greater than 220°C
{Browne, 1978).

CONCLUS IONS

Studies of the alteration mineralogy of the
Raft River KGRA have revealed mineral assemblages
similar to the low and moderate temperature
regimes of other geothermal systems. Using
Elders' mineral zonation versus temperature data
a5 a model, temperature predictions were made in
the Raft River system, Figure 4 shows postulated
paleo-temperature distribution based upon Elders'
model.  The mineral zones suggest that tempera-
tures may have been higher in the past than those
presently observed.
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Figure 2: Raft River Well Field Diagram
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