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ABSTRACT

Fifteen shallow thermal gradient drill holes were recently completed by
Geothermal Power Corporation (GPCR) in the vicinity of the Roosevelt Hot
Springs KGRA.. Five holes penetrated Tertiary granitic rocks and Precambrian
gnéiss east of the KGRA. Seven holes completed entirely in alluvium near the
southwestern corner of the KGRA éncountered a near-surface marker horizon of
Pleistocene pumice and perlite. Maximum ca]éu]ated alluvial sedimentation
- rates since initial deposition of this pumice and perlite range from 1 foot in
12,500 years to 1 fdot in 2,300 years. Three holes east of the Mineral
Mountains penetrated late Cenozoic basaltic andesite beneath a thin veneer of

alluvium. -

Tertiary granitic and Precambrian‘gnei551¢‘bedrock penetrated by the GPCR
 holes is pervasively but weakly altered. Alteration products in the bedrock
consist of trace to minor amounts of clay and sericite after plagioclase and

~ potassium feldspar, chlorite after mafic minerals, and erratically distributed
calcite énd'epidote after plagioclase and leucoxene (% calcite) after’sphene.
Aliuvia] grains derived from the bedrock are simi1arly altered. Unaltered
Pleistocene pumice and perlite coexist in the alluvium with altered bedrock
'grains,:indicating thdt«a1teration,in these grains antedates a11uvial

depoSition‘énd thérefore,antedates the preSeht1y attive\geothermal system.

Calcite cement is abundant 1h heafly all.alluvium penetrated by the GPCR
holes. In several of the holes at the southwestern corner of the'KGRA,‘much
of the alluvium seems to have been firmly indurated by the cement. This

cemented alluvium méy‘functionﬁlocally-as‘a caprock preventing fluid and heat



loss from the active geothermal system.

Manganese and iron oxides occur in highly variable amounts in samples
from all the GPCR holes. Dendritic films and crusts of manganese oxide in
alluvium postdate carbonate cement and may be genetically related to the
presently active geothermal system. Disseninated and veinlet-controlled
manganése oxide in bedrock is of uncertain age relative to the geothermal
system. Most of the iron oxides were formed after sample collection by

oxidation of drill steel and of steel 1ids on sample jars.

A11 15 GPCR drill holes appear to be peripheral to a central zone of
anomalously high thermal gradient and low resistivity delineated by previous
investigations. GPCR-8 and -14, however, are characterized by high heat flow
and relatively abundant manganese oxide mineralization, which may reflect a
favorable hydrologic system controlling thermal fluid flow at depth. These
holes thus seon most encouraging for discovery of a deeper high-temperature

geothermal resource.
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~ INTRODUCTION

Fifteen shallow thermal gfadient holes were drilled adjacent to the
Roosévelt Hot Springs KGRA (Fig. 1, 2a, 2b) by Geothermal Power Corporation of
Novato, California, during mid-and late 1977 and ear]y 1978. By contract
between Geothermal Power and the U.S. Energy Research and Development
Administration (now Department of Energy), cuttings from these holes were
subsequently delivered to the Earth Science Laboratory (ESL). As part of a
currént effori by ESL‘to further characterize the active geothermal system at
Roosevelt, the lithologj, alteration, and mineralization of these cuttings

have been examined in detail for the present report.

GEOLOGIC SETTING

The Roosevelt Hot Springs KGRA is situated along the west-central flank
of the Mineral Mountains, the easternmost fault-block mountains at this
latitude in the Basin-Range province. The range is dominantly underlain by

granitic rocks of the Mineral Mountains ﬁ]uton (Fig. 2), which is no older

,than~35 m.y. (Lipman, et al., 1978) and may be as young as 15.5 * 1.5 to 9.2

m.y. (K-Ar; Park, 1968; Armstrong, 1970; Bowers, 1978). This pluton intrudes
a variety of §1der rocks along the margins of the Mineral Mountains. The

oldest Qf'these‘aré high-grade biotité-and/orahornblende;bearihg;gneiSses of

~ Precambrian age which crop out primarily within and near the KGRA (Nielson, et

~-al., in prep.). ACambrian quartzites and marinéncarbonates occupy the northern

margin of the range; marine and terrestrial sedimentary‘rocks of Permian'



thrdugh Cretaceous age occur along the south-central and southern margins

(Liese, 1957; Parry, et al., 1977).

The Mineral Mountains locally flanked and overlain by diverse volcanic
and sedimentary rocks of late Cénozoic age. The volcanics include Pliocene
rhyolite~just south of the KGRA, Quaternary baséltiC'flows which form a broad,

thin sheet adjacent to and east of the range, and the Pleistocene (0.8-0.5
;m.y.) rhyolite domes, flows and assotiated pyroclastic deposits of the central
portion of the range (Parry, et al., 1977; Lipman, et al., 1978). The
sedimenté compriée fan gravels shed from existing highlands, lacustrine
deposits of P1e1$toceﬁe Lake Bonneville west of the KGRA, and the varied
1ithologies of the Pliocene Sevier.River'Formation td the east and northeast
(Zimmerman, 1961; Hintze, 1963, 1975). The Sevier River Formation consists

dominantly of fanglomerates, conglomerates, sandstones, siltstones, and marls

with locally interbedded lacustrine limestone, diatomite, and volcanic rocks.

Principal structures mapped to date within and near the KGRA (excluding
pre-Cenozoic folding) are northerly trending high-angle normal faults of late
Cenozoic age and west-northwest‘to east-west trending high-angle faults of

- ‘uncertain age and displacement (Petersen, 1975; Evans, 1977).

Nearly all known hotvspring deposits, surface alteration, and associated

hineraliiatfon‘at Roosévélt are cbnfihéd,to a 3 1/2 x 1/4 mile belt centered

on énd para]iel to'the‘Dbme fault,_a’north-ndrthéést-trending strdcture With‘

1 recent normél offset (Pérry; et a],, 1977).'.Spr1ng depoéits withinvthe‘bélt
| consist of‘bpaline siﬁter mounds and associatedropai-cemented alluvium. These

siliceous deposits are accompanied by alteration of alluvium to opal, alunite,



and clay. The sinter and cemented or altered alluvium, all of which are
commonly sulfur-bearing, are locally stained or impregnated with hematite or

dark menganese oxides (Nielson, et al., in prep.).

Subsurface alteration and mineralization at Roosevelt have been explored
in three shallow drill holes along the Dome fault (UU751A, UU751B, UU761A),
and to a depth of 6100 feet in Thermal Power Corporation drill hole 14-2 (Fig.

2a, 2b). Near-surface opal-alunite alteration penetrated by the three shallow

~ holes (maximom depth 231') grades'successively downward through zones

characterized by the assemblages alunite-kaolinite, alunite-kaolinite-
montmorillonite; and muscoVite-pyrite (t marcasite) (Parry, et al., 1976;
Bryant and’Parry, 1977). Alteration in drill hole 14-2 is generally weak and
controlled oy fractures in biotite monzonite of the Mineral Mountains pluton
(Ballantyne and Parry; 1978). Sericite, montmorillonite and mixed layer clays
are the most common alteration products in the hole to a depth of 2350 feet,
below which various combinations of chlorite,'calcite, sericite, and minor

potassium feldspar predominate.

“METHODS AND PROCEDURES

- Water-s aturated samples of drill cuttings from Geothermal Power

.‘Corporation 3 fifteen thermal gradient holes--generally collected at 10-foot
: intervals--were delivered to the Earth Science Laboratory in mason jars with

Steel,lids. Oxidation of these 1ids, and probably of drill steel in many of

the samples, resulted in contamination of the cuttings with newly-formed iron



oxides. The samples were washed to remove drilling mud and other foreign
material, then dried and examined with a conventional binocular microscope at

10x-40x magnification.

STRATIGRAPHY

of tﬁe fifteen shal]ow:thermal gradient holes, six (GPCR 1 through 4, 6,
14) are collare¢ in Quaternary alluvium near the southwest corner of the KGRA
(Fig. 2a, 2b). Another fi#e (GPCR 5, 7 through 10) are sipyated in or very
near bedrock along the flanks of the Mineral Mountains. GPCR 11 through 13

ahd 18 are collared in él]uvium east of the mountains.

Drill holes GPCR-1, 2, 4, 6 and 14, and the upper 100' of GPCR-5
penetrated arkosic alluvium (Fig. 2a, 2b, 3;’Appendix 1). The clastic
cdmponent of the alluvium consists of subangular to subrounded grains up to 25
mm. (avg. about 2 mm.) in diameter derived from the Mineral Mountains. The
grains are predominantly Tertiary lithic and crystal fragments from granitic
‘rocks~and‘Precambr1ah(?) gneisses but also include silicic volcanic rocks,

including pumice, per1ite, rhyolite, and.minor obsidian.

Pumice and perlite form a pfomineht-marker hqhizon in the alluvium
penetrated by GPCR-i;‘S,fﬁ, and 14 (Fig. 3). ‘This marker horizon is
arbitrarily defined as greater than 10% pumice plus perlite to avoid confusion
through contamjnation'by caving. The base of the marker hofizonioccurs at
known depths ranging froﬁ approximately 40 feet in'GPCR-S‘to.117 feet in
GPCR-l;iand 218 feet.in'Goc;SZ-ZI, a deep gedtherﬁal well (Fig. 2a, 2b, 3;



Appendix 1). The pumice and perlite are derived from silicic volcanic centers

in the Mineral Mountains which have been dated by K-Ar methods at roughly

800,000 to 500,000 years (Lipman, et al., 1978). A maximum alluvyial
sedimentation rate since initial depositon of the pumice and perlite can thus

be calculated. This rate ranges from roughly one foot in 12,500 years in

GPCR-5 to one foot in 2,300 yeérs in GOC~52-21.

Rhyolite and porpnyriticrrhyolite grains are concentrated in the upper
portion of the allqvium-penetrqted by GPCR 2, 3 and 4, situated just outside
the southern border of the KGRA (Fig./Za, 2b, 3; Appendix 1l). These grains
cén be tentatively correlated with the Corral Canyon rhyolite ("Tr" Fig. 2a)

which crops out about one mile upstream from GPCR-2 and has yielded a K-Ar

.daté of 8.02 #0.3 m.y. {Lipman et al., 1978). These older rhyolite grains

occur'at the same stratigraphic horizon in the alluvium as the Pleistocene
pumiée and‘perlite encountered in GPCR-1, 5, 6 and 14. This relationship
suggests that the Corral Canyon rhyolites may have been uplifted

contempofaneously with the emplacemént of the Pleistocene silicic volcanic

centers of the central Mineral Mountains.

Drill hole GPCR-5 (Fig. 2a, 2b, 3; Appendix 1) encountered biotite-
hornblénde gneiss beneath alluvium at a depth of 110 feet; The

| _biotite-hornblende gneiss is a medium- to coarse-crystalline rock with up to

10% (avg. 7%) hornblende, 1-2% biotite, and 1% sphene. Qutcrops of this rock
type north of GPCR-5 are.moderate1y well foliated (Niélson, ét,a1.; in prep;),
but foliation is difficult to discern in drill cuttings. Drill holes GPCR-7,

8'and-9 were completed primarily in coarse-crystalline grénitic rocks of the



Mineral Mountains pluton--biotite quartz monzonite in GPCR-8 and 9, and
biotite granite in GPCR-7. In drill hole 9, the quartz monzonite is
contaminated with cuttings of fine- to medium-crystalline biotite- and

hornblende-bearing gneiss.

Although collared'immediately adjacent to bedrock on the northeastern
flank}of the Mineral Mountaihs, GPCR-IO penetrated approximately 180' of
ahkosic alluvium before encountering rhyolite porphyny bedrock. This
anomalous alluvial thickness'suggESts that che contact between alluyium and
bedrock immediately north of the drill site may be fault controlled. The
rhyolite porphyry at the base of GPCR-10 consists of sparse potassium feldspar
and qoartz phenocrysts (commonly bipyramidal) embedded in a light-gray
microcrystalline matrix. Alluvium above the rhyolite is dominated by grains
and fragments of biotiteéhornblehde quartz monzonite or granodiorite similar

to the biotite-hornblende gneiss penetrated by GPCR-5.

Dri1l holes GPCR-11, 12, 13, and 18 intersected different thicknesses of
arkosic alluvium beiore encountering the basaltic andesite flows extensively
exposed east of the Mineral Mountains_(Fig..Za,.Zb, 3 Aopendix 1). The flows
are medium co'dark grey; microcrystalline’to aphanitic, commonly porphyritic,
vesicular basaltic andesites containing minor'oyroxene'and olivine. DOrill
' holes 11 and 18 bottomed in these flows. Drill holes .12 and 13‘penetreted
subjacent arkosic alluv1um. In GPCR-13, the alluvium above the basaltic
,ande51te is rich in pumice and perlite shed from Pleistocene rhyolite domes to

the west, while the alluv1um below the andesite is devoid of these materials.

This andesite therefore predates Pleistocene rhyolitic volcanism in adjacent

~ portions of the Mineral Mountaihs.



ALTERATION

Alteration in granitic and metamorphic rock fragments and grains in
alluvium penetrated by'the GPCR holes is similar to that observed in granitic
and metamorphic bedrock of the Mineral Mountains (refer to fb]lowing paragraph
and Appendix 1). This alteration antedates allqvia] deposition. The altered
granitic,and‘metamorphic alluvial grains, which c0mmon1y display a dull
weathering patina, coexist in the alluvium with fresh Pleistocene silicic

pumice and perlite--a condition which could not prevail had alteration of

these ffagments post-dated deposition of the alluvium.

Bedroek of the Mineral Mountains penetreted by four widely-spaced GPCR
holes (5, 7, 8, 9) is pervasively but weakly altered. The alteration is
similar to that documented in the upper 2350 feet of Thermal Power drill hole
14-2, a producing geotherma1 we[l'(Fig. 2a, 2b; Ba11antyne and Parry, 1978).
The alteration is characterized by trace to minor amounts of clay and sericite
“after fe]dspar,(pakticularly nlagioclase), with erratically distributed
chlorite after mafic minenals (especia11y hornblende), calcite and rare traces
of'epidote after p]agioclaée; and leucoxene * calcite after sbhene. Rare
microveinlets and vein]et fragments consistingjof‘varidus combinations of
qﬂertz, chlorite, epidote, caicite, and powdery brick-red to maronn hematite
ane'locally'present. Trace to minor amountS'of goethite-kand manganese |
oxide-bearing silicified microbreccia occur in cuttings from GPCR-B. Ca]cite

occurs as microveinlets 1n rhyolite porphyry penetrated by GPCR-IO.'

{

Calcite cement is present in all al1uvium cut by GPCR-1, 2, 3, 4 6, and
14 near the southwestern corner of the KGRA (F1g Za 2b, 3; Append1x 1) The



cement is a cryptocrystalline light-gray to buff material which incorporates

si]t- and clay-size particles.

Basaltic andesite penetrated by drill holes GPCR-11, 12, and 18 is cut by
calcite veinlets and microveinlets. In GPCR-12 and 18, vesicles in the
andesite are partially. lined with calcite. The andesite encountered in

GPCR-13 is unaltered (Fig. 2a, 2b, 3; Appendix 1).

Two textural'variefies of manganese oxide occur in the GPCR drill holes.
In bedrock, manganese oxide, commonly admixed with minor goethite and quartz,
occurs as disseminated irregular patches and clots, as veinlets and
microveinlets, and as a pervasive stain associated with}mafic minerals. This
variety of manganese oxide is most common in drill hole GPCR-8, in which it
averages rough]y 0.5% by volume of all cuttings and locélly exceeds 2%. In
alluvium, manganese oxide occurs as detrital grains of this first textural
variety but also as dendritic films.and crusts coating alluviél grains and
carbonate cement. This Iate-stage manganese oxide is reiative1y rare in the
cuttings and is concentrated between‘320 and 410 feet in drill hole GPCR-14
(Fig. 2a, 2b, 3; Appendix‘l). , |

DISCUSSION AND CONCLUSIONS

A1l 15 sha]lqw GPCR dril) holes at Roosevelt appear to be periphera1 to a
-cehfral‘zone of'anomaiously high near-éurfacé thermal gradient and Tow
'vresistivity (Ward and Si11, 1976; Si11 and Bodell, 1977). Of thé holes

nearest this zone, GPCR-8 and GPCR-14 seem most encoufaging for discovery of

10



deeper high-temperature thermal waters. Both holes, in addition to being
characterized by high heat flow (up to 12 HFU in 14; Geothermal Power
Corporation, 1978), encountered relatively strong manganese oxide
mineralization which may reflect a favorable hydrologic system controlling

thermal fluid flow at depth.

Dendritic manganese oxide minera1izafion in GPCR-14 postdates alluvial
deposition and is probably related to the presently active geothérmal system.\
The relative age of strong manganese oxide mineralization in GPCR-8 is
unknown. Although it does reflect a favorable permeable fracture network, it
may represent “fossil" mineralization totally unrelated to the geothermal

system.

Alteration in Tertiary granitic and Precambrian gneissic bedrock
penetrated by the GPCR holes, as well as in alluvial grains derived from this
bedrbck, probably antedates the geothermal system. Alteration of the type and
- low intensity affecting these rocks and alluvial grains is erratically
distributed throughout the central ahd northern Mineral Mountains (Liese,’
119573 EQaﬁs, 1977; Nielson, et al., in prep.). A)tered gneissic and gfanitic
grains commonly display a duil weathering patina-and~coexist in the alluvium
~with unaitered, glassy rhyolitic grains. This reiationship indicates that the
alteratidn preceded alluvial depééit&on'and therefore also preceded the

. bresent geothermal system.

Cryptocrystalline calcite cement is present in all alluvium penetrated by
thé GPCR holes except 13. It is particularly abundant in the holes clustered

 near the southwestern corner of the KGRA. In this area, much of the alluvium

o



o/

v .

¢

may be fifmly indurated by the cement and therefore might function locally as

an effective caprock preventing fluid and heat loss from the geothermal

system.
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