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ABSTRACT

The Roosevelt Hot Springs KGRA is located on the western margin of the
Mineral Mountains in Beaver Cdunty, Utah. The bedrock geology of the area is
presented in this report. It is dominated by metamorphic and plutonic rocks
of Prec&mbrian age as well as felsic plutonic phases of the Tertiary Mineral
Mountains Pluton. Rhyolite flows, domes, and pyroclastics reflect igneous
\ activity between 0.8 and 0.5 million years ago. All lithologies present in
the map area are described in detail with an emphasis on characteristics which

will allow them to be distinguished in drill cuttings.

The geothermal system at Roosevelt Hot Springs KGRA is structurally
controlled with reservoir rocks demonstrating 1ittle primary permeability.
The structure is mainly a reéult of low-angle normal faulting which has pro-
duced low-angle, westward dipping mylonites, steep]y'dipping, northwest-
trending mylonites, and brecciation Tocalized in the hanging wall of the
prinéipal low-angle fault. These mylonites are up to 15 m thick and they are
silicified and retrograded to greenschist facies assemblages. East-west
faulting is also present and has been produced by deep-seated regional Zones
of weakness. North to north-northeast trending faults are the youngést
structures in the area, and they cohtrol present fumarolic aétivity and recent
hot spring activity which has depdsited opalfne and chalcedonic sinters. It
is proposed here that the geothermal resérvo1rs‘are controlled primarily by
intersections of the principal zones of faulting. This conclusion is
supported by the configurations of the fault patterns. It indicates the
importance of regional.geoldgic mapping and structural analysis in the

exploration for hydrothermal resources.




o Logs from Thermal Power Utah State 72-16, Getty 0il Utah State 52-21, and
v six shallow thermal gradient holes drilled by the University of Utah are |
presented in this report and have been utilized in the construction of

~ 'geologic cross sections of the geothérma] field.




INTRODUCTION

The Roosevelt Hot Springs Known Geothermal Resource Area (KGRA) is
located 'in Beaver County, in west-central Utah on the western flank of‘the
Mineral Mountains (Fig. 1). The KGRA was named for a small area of hot
springs which distharged silica=-rich waters until about 1966 when the flow
stopped. - The area now contains active fumaroles which are depositing

sublimates and which bear a slight odor of hydrogen sulfide.

Geothermal exploration was initiated in 1968 by Dr. Eugene Davies of
Milford. Dr. Davies drilled a well on the eastern flank of the Opal Mound
'(Plate 1) which discharged steam from a depth of about 82 m. The well is

currently leaking small amounts of water and vapor with a smell of hydrogen

. sulfide.

Intensive commercial exploratioh was inftiated in 1975 by Phi1lips
Petroleum Company. Other'lease holders in the KGRA are Geothermal Power
Corporation, Getty Oil‘Company, Thermal Power Company and 0'Brien Resources
Inc., Gebthermal Explorétion Company, American Geological Enterprises, and the
City of Bountiful, Utah. At present, seven producing wells have been
completed in the field. Ward and'others"(1978) indicate that the average well
has a potential fluid production of\4.5‘x 105 kg/hr at shut-in bottom hole |
temperatures around 2609C. Plans have been énnoﬁnced for the construction of

two 55 MWe power p]ahts which are expected to be on 1ine by 1982.

The pfesent study was undertaken as part of the Industry Coupled Case
Studies Program of the Department of Energy, Division of Geothermal Energy.

The objectives of this study are to: 1) develop a detailed geologic base to
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facilitate further industrial exploration and the interpretation of
geophysical and geochemical data, 2) define the lithologic and structural
controls of the Roosevelt Hot Springs geothermal field, and 3) establish a
sémple library to aid companies in the interpretation of drilling information.
With respect to this last objective, hand samples, thin sections, and
artificial cuttings of the lithologic units discussed in this report are
stored in the Geothermal Sample Library at the Earih Scfence Laboratory and
are available for public use. Near-term use of this geologic data base by ESL
will be useful in helping to formulate a case study of the Robseve]t Hot

Springs area.

Previdus'geologic wdrk available to the publié in the Roosevelt Hot
Springs KGRA has been conducted largely by the Department of Geology and
Geophysics at the University of Utah under DOE/DGE and NSF sponsorship and has
been summarized by Ward and others (1978). McKinney (1978) has compiled an
annotated bibliography of the Roosevelt Hot Springs KGRA and vicinity. The
authors are contfnuing the geologic mapping program within the Mineral
Mountains. In addition, on site magnetic susceptibility studies are planned
to aid in the interpretation of magnetic data. Subsequent reports will

present results from continuing and planned work.




GEOLOGY
Regional Setting

The location of Roosevelt Hot Springs and eight othér KGRAs in Utah are |
shown in Figure 1. The Roosevelt Hot Springs KGRA is located in Beaver County
on the wéstern flank of the Mineral Mountains. The Utah state geologic map
locates the Mineral Mountains on the northern edge of the Marysvaie volcanic
pile. The range represents a structural high which is demonstrated by the
presence of Precambrian rocks and the occurrence of the largest‘éxposed

intrusive body in the state, the Mineral Mountains Pluton.

Shown in Figure 1 are the mineral belts of Utah as proposed by Hilpert
and Roberts (1964) and Stokes (1968). These belts have accounted for 95
percent of Utah's base metal and gold production. The belts are the location
of repeated Tertiary intrusive episodes and probab1y reflect deep-seated "
structural zones. The coincidence of KGRAs with the Wah Wah - Tushar Belt is

impressive.

Figure 1 also illustrates the position of the KGRAs of Utah with respect
to the trend of the Intermountain Seismic Belt (1SB) of'Smith and Sbar (1974).
The ISB is a belt of shallow earthquakes with focal depths of generally less
than 15 km and is 1ntérpreted to be a boundary between two subplates of the
North American Plate. Th;/Rooseve1t Hot Springs KGRA is Tocated to the
northwest of the ISB in an area where thé ISB shows a clear change in
orientation. At approximatély the same location as the offset in the ISB,
Cook and others (1975) have shown a major gravity linear which they feel

represents a relict transform fault.




General Geology of the Mineral Mountains

The geology of the Mineral Mountains has been discussed by Liese (1957),
Ear1l (1957), and Condie (1960). Petersen (1975) has published avmap of the
Roosevelt Hot Springs area that includes much of the KGRA. Evans (1977) has
presented a combilation of previous and some new work. The geologic docu-
mentation and structural interpretations of the present study differ from all

previous work.

The Mineral Mountains Pluton and highly deformed Precambrian rocks
underlie the central portion of the Minéral Mountains. The lithologies and
geologic re]afionships of these rocks will be discussed in greater detail in a
subsequent sectidn of this report. The northern portion of the Mineral
Mountains (Liese, 1957) is undérlain by a dark gray unfossiliferous 1imestone,
the Prospect Mountain Quartzite, and the Pioche Formation, all of Cambrian
age. Several outcrop areas of the Indianola Formation, a conglomerate of

Cretaceous age, overlie the Cambrian section.

The southern portion of the Mineral Mountains, the Bradshaw Mountain
area, contains Precambrian ’metamorphic rocks which are overlain by lower
Paleozoic Timestones and dolomites, Mississippian-lfmestones of the Tobache
Formation, the Coconino ;nd Kaibab Formations of Permian age, the Navajo
Sandstone and Carmel Limestone of Jurassic age,\and Tertiary volcanics of
andesitic to latitic composition (Earll, 1957). Most of the ‘mining activity
in the range is confined to the Bradshaw Mountain area where gold, silver,
lead, copper, and tungsten have been produced from contact metamorph1c _

deposits and associated veins.




Lithologies of the Roosevelt Hot Springs KGRA

The geology of the Roosevelt Hot Springs KGRA is characterized by
metasedimentary and plutonic rocks of Precambrian age, intrusive rocks of
Tertiary age, and flows, pyroclastics, and domes of Pleistocene age.
Siliceous sinter and silica-cemented alluvium represent recent hydrothermal

activity.

PRECAMBRIAN
Banded gneiss (P€bg)v

The banded gneiss (PEbg) is the oldest unit exposed in the KGRA. It
crop§ out along the western margin of the Mineral Mountains from Ranch Canyon
northward to Negro Mag Wash. North of Negro Mag Wash the banded gneiss is
found as large inclusions within Tertiary p]utonié rocks. The banded gneiss
is intruded by the hornblende gneiss (P€gn) and the Tertiary plutonic phases.
Lithologically the unit is highly variable and consists of interlayered
gneiss, schist, and migmatite. Small quartzite lenses have also been !

observed, and they are described in a separate section.

Outcrops of the banded gneiss are typica]ly non-resistant and weather to
dark colors. Jointing, shearing, or brecciation are rare within the unit.
Typical outcrdps are conspicuously banded with a1ternating light and dark
layers 1 to 10 cm thiék. Single homogenous layers of 3 or 4 m have also been
observed but are uncommon. The co]or‘differenceé which}distinguish these
layers reflect differences in biotite and hornblénde contents. In addition to
this small-scéle banding, the banded gneiss a]so:exhibits a large-scale

layering. Layers 20-100 m thick and sufficiently biotite-rich to be




classified as schist are interlayered with biotite-poor gneisses. Thick
mafic-rich layers within the banded gneiss are often migmatitic and contain

ptygmatically folded felsic dikelets and pods.

Outcrops of the banded gneiss exhibit a number of penetrative
deformational features. Schistosity is well developed, and small-scale
isoclinal folding has produced strong NE-plunging lineations on schistosity
planes. A few widely scattered outcrops show gentle cylindrical refolding of
the isoclinal folds along flat-lying east-west axes. Figure 2 is a plot of 51
poles to schistosity measurements from the banded gneiss. The diagram shows
an avefage N 10-30°E striking and 30%-70% dipping orientation. The marked
scattering in this diagram may reflect the gentle refolding mentioned above.
A similar re]ationshiplcan be observed in Figure 3, a plot of}fold axes and

lineations from the banded gneiss.

In hand specimen, the banded gneiss is typically fine- to medium-grained
and consists of biotite, hornblende, feldspar, and quartz in highly variable
ratios. Leucocratic layers are typically coarser grained and may cbntain
small amounts'of muscovite. In thin section the unit is equigranular with K-
feldspar, plagioclase, quartz, biotite, and hornblende qs'the principal
mfneral}components. Preferentially oriented biqtites énd elongatéd stressed
quartz grains hark the schistosity. Light colored layers often consist of
subequal amounts of quartz and K-feldspar with only minor'amounts of the other'
components, while dark layers are predominantly p1agioc1ése, biotite,.and
hornblende with lesser amounts of quartz and K-feldspar.. In both 1ight and

dark layers biotites often appear to rim the’K-feldsbars. Rounded zircon




Fig. 2~ Point diagram of poles to foliation of the banded gneiss
(P€bg) plotted on the lower hemisphere (51 poles).
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Fig. 3~ Point diagram of fold axes and lineations
from the banded gneiss (P€bg).
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grains are a very common accessory, particularly as inclusions within biotite.
Apatite is also an abundant accessory. Sphene is generally uncommon. In
addition to this typical mineralogy, one outcrop of a very distinctive v
sillimanite-cordierite-corundum-biotite schist was discovered just south of
Wildhorse Canyon. This smalf 2-3 m layer demonstrates both‘a compositional
variability within the banded gneiss and a lack of diffusion within the
metaﬁorphic system. This suggests that the banding within the gneiss reflects

original sedimentary layering.

It is suggested in this paper that‘the banded‘gneiss is Precambrian in
age. A K-Ar date of 10.7 $0.2 my (Bowers, 1978) has been obtained for the
banded gneiss; however, lithologic and metamorphic evidence suggests that this
date does not represent the age of the banded gneiss. The banded gneiss
represents quaftzo-féldspathic sedimentary rocks that have undergone upper
amphibolite facies metamorphism during an orogenic event that also produced
isoclinal folding. In contrast, the Paleozoic and Mesozoic rocks in the area
are bredominantly carbonates and exhibit only contact metamorphic effects.
Thus the regioha]lmetamorphism and folding of the rocks took place in
Precambrian time. In terms of metamorphic grade and structural style, a
probable équiva]ent of the banded gneiss is the Farmington Canyon Cbmp]ex of
northern Utah. Bowers (1978) suggests that the date on these rocks reflects
resétting by the‘intrusion of the Mineral MduntaingAPluton. As an a1ternafive
possibility, we suggest that the date may be produced by loss of Ar during
rapid uplift of the range. It is clear, however, that additional radiometric

dating is required to decipher the age and thermal history of these rocks.

12




Metaquartzite'(Peq)

A distinctive white metaquartzite (PE€q) crops out only in the area south
of Wildhorse Canyon. It occurs as a series of small lenses within the banded
gneiss (P€bg) and as two large, oriented inclusions within the hornblende
_gneiss (P€gn). These separate outcrops are very similar and may represent
~either a single folded and boudinaged quartzite bed or a ;eries of dis-
connected quartzite pods. The metaquartzite, with a maximum thickness of
approximately 35 m, is highly resistant to weathering in spite of a strong
| fracturing. Bedding is well developed and paral]els the schistosity of both
the surroundingvbanded gneiss and hornblende gneiss. A NE-plunging lineation
fs well developed in all outcrops. In handispecimen the unit is very massive;
and no original grain boundariesAare visible. Small equant feldspar grains
and Strongly aligned biofites are present in very limited Quantities. The
feldspars are particularly noticeable because of their chalky white color and
their tendency to weather out, leaving small pits. In thin section the
metaquartzite displays a well developed ribbon structure’with strong un-
dulatory extinction. Approximately 5 percent feldspar, primarily plagioclase,
is present as small equant grains, and all of the feldspars are sericitized.
Accessory minerals include biotite and chlor1te which are aligned along

schistosity, and widely scattered apatite.

Sillimanite schist (P€s)

The sillimanite schist (P€s) is confined to a smé11 area between
Wildhorse and Ranch Canyons. It occurs as a small number of inclusions within
a‘Tértiary porphyritic granite'(Tpg) along the contact of the Tértiary granite

with the hornblende gneiss (P€gn). In outcrop the schist is a massive dark

13




gray to green fine-grained rock with subtle 0.5 to 1 cm layering. Outcrops
that consist of a breccia of the unit are common. In hand specimen the unit
is rich in fibrolitic sillimanite. Small garnets are aligned along thin,

widely separated layers. .

In thin section the rock is a conspicuously layered sillimanite-biotite-
quartz schist. Both fibrous and prismatic silljmanite are abundant, growing
~within or around irregg]ar biotites. The biotite and sillimanite are in
distinct 2-5 mm layers. The sillimanite-biotite layers are separated from
each other by quartz layers of similar size. Plagioclase is common within
these quartzose layers but its abundance appears variable. Highly irregular
muscovite grains occur throughout the rock but are very uncommon. Where
present, garnefﬁ are usually 1es§ than 0.5 cm in diameter and are always
associated with biotite. Accgssory minerals include abundant small, rounded
opaques and moderate amounts of apatite. In the outcrops along the bottom of
Wildhorse Canyon,the sillimanite schist develops coarse-grained segregations
with large garnet porphyroblasts. Garnets up to 2 cm in diameter are sur-

rounded with a rim of intergrown biotite and muscovite.

Biotite gneiss (P€n) ,

The biotite gneiss (P€n) is a massive medium-grained rock which occurs
primarily as 1nciusions within the hornblende gnéis§ (P€gn) and Tertiary
plutonic rocks. These 1nc1u$1ons occur throughout the Roosevelt Hot Springs
KGRA but the 1ar§est are found in the Ranch Canydn-w11dhorse Canyon area, the
southern half of the KGRA. While this unit is highly variable, it is
typically a massive to weakly foliated, biotite-rich gneiss containing

recognizable hornblende grains and abundant sphene.
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In hand specimen the biotite’gneiss is typica11y a medium-grained,
equigranular, dark gray rock with abundant biotite and lesser hornblende
forming the mafic components and plagioclase the predominant fe]sicvcomponent.
Fine-grained interstitial quartz and K-feldspar are visible on cut and stained
surfaces. Euhedral sphene grains up to 2 mm long are common. Foliation is
very difficult to distinguish in hand specimen. 'K-feldspar porphyroblasts up

to 2 cm long were observed in some inclusions of the biotite gneiss.

Thin sections show a granular texture with highly irregular grain
boundaries. Biot%tes were observed replacing both orthoclase and hornblende.
Anhedral to subhedral twinned hornblende grains contain irregular intergrowths
of quartz. Plagioclase grains are irregularly zoned, often with strongly
sericitized cores. K-feldspar and quartz are relatively minor components and
occur as anhedral interstitial grains. The abundant sphene grains commonly
surround or enclose opaques. Apatite is common. Both quartz and feldspar
display strong undulatory extinction. ‘Modes for three samples of the biotite

gneiss are given in Table 1.

Hornblende gneiss (Pﬁgn)

The hornblende gneiss (P€gn) is a coarse-grained granitic gneiss that
crops out in the western foothills of the Mineral Mountains south of Negro Mag
Wash.} It intrudesvthe banded gneiss to‘the west;;is 1ntrﬁded,by Teftiany
plutonic rocks to the east, and also occurs as large inclusions within
Tertiary plutonic rocks near Negro Mag Wash. The largest outcrop area of

hornblende gneiss centers arbund Wildhorse Canyon.

15




Table 1 - Modal Analysis of Biotite Gneiss (P€n)
on the basis of 1000 point counts.

Sample No.

UT/MM-78-X 22

Alkali feldspar 16.1
Plagioclase 40.8
Quartz 10.4
Biotite 16.8
Hornblende 9.2

Sphene 3.1

Opaques 2.4

Chlorite 0.5

Apatite 0.4

Zircon 0.3

Epidote Traée
Sericite . -

% Anorthite 27

Sample site locations:

UT/MM-78-22

UT/MM-78-142

14
10
42
21
13
6
1
1
0
1

Trace

1
35

2

.1
.9
.9
2
o6
.0
o2
.1
o2

.8

144
29.2
20.5
35.8
9.8
0.9
2.1
0.2
0.8

Trace

0.7
35

SE1/4, SE1/4, sec. 3, T. 27 S., R. 9 W.
NE1/4, NE1/4, SW1/4, sec. 34, T. 27 S., R. 9 W,

Average
18.5
34.7
22.7
13.3

5.2
1.7
1.9
0.3
0.8
0.1
0.8
32

UT/MM-78-144  NE1/4, NE1/4, SW1/4, sec. 34, T. 27 S., R. 9 W.
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Outcrops of the hornblende gneiss are typically very massive and only
‘weakly foliated, weather to dark gray or brown cofofs; elsewhere the foliation
is strong and exhibits strong lineations produced by the alignment of horn-
blende grains. The gneiss is not commonly jointed, but along faults exposed
north of Wildhorse Canyon it is strongly brecciated and cut by well developed
mylonites. The development of schistosity is variable throughout the gneiss.
Figure 4 is an equal area plot of poles for 41 schisfosity measdrements
covering the outcrop afea of the gneiss. The poles form a poorly defined
girdle with the greatest concentration clustered around a N-S strike with
moderaté dips to the east. This pattern corresponds well with that obtained

for the banded gneiss.

" As the contact of the two gneisses is approached, the hornblende gneiss
changes character; the amount of biotite increases and the rock becomes
- porphrytic, with 1-2 cm K-feldspar phenocrysts increasingly common toward the
contact. With this change; schfstosity becomes more strikingly apparenf and
is approximately parallel to that within the banded gneiss. The contact
between the gneisses exhibits both parallel and crosscutting relations. As
shown in Plate I, the contact south of Wildhorse Canyon is subparallel with
the schistosity or layering within the banded gneiss, while north of Wildhorse

‘Canyon the contact truncates the schistosity within the banded gneiss.

Several types of oriented inclusions occur within the hornblende gneiss.
The most cdhmon of these are of the well-foliated, medium-grained biotite
gneisses (P€n). These inclusions vary greatly in size and appear to have
gradational contacts with the enclosing gneiss. Much less abundant are

unfoliated mafic inclusions that consist of small brecciated and elongated
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Fig. 4 - Point diagram of poles to foliation of the hornblende gneiss
(PCgn) plotted on the lower hemisphere (41 poles).
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mafic clots which are parallel to the schistosity. These inclusions are

commonly the site of later diking by aplites.

In hand specimen the hornblende gneiss is a light gray, coarse-grained
rock with 1 cm hornblende crystals, often surrounded by biotite and set in a
matrix of coarse feldspars and finer grained quartz. The quartz is often

difficult to recognize. Sphene fs a common accessory.

In ihin sectioﬁ the hornblende gneiss éppears as a xenomorphic granular
intergrowth of anhedral K-feldspar and plagioclase, with finer grained, highly
stressed quartz, small unoriented or weakly oriented clots of biotite, and
subhedral hornblende. Plagioclase from all sectioﬁs examihed falls within the
range Ansg-Angp. Hornblende in some dfvthe samples mantles relict
clinopyroxene and in nearly all of the samples can be §een7reacting to form
biotite. Accessory and opaque minerals'are typically clustered within small
biotite clots. Some samples contain widely spaced, large, polysynthetically
twinned sphene grains, some of which ére broken. Minor epidote, chlorite,
sericite and actinolite also occur. Modes obtained by counting over 1000
points per section fbr three samples of the hornblende gneiss are given in
Table 2. |
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Table 2 - Modal Analysis of Hornblende Gneiss (P€gn)
on the basis of 1000 point counts.

Sample No. *
UT/MM=-78<X 21 104 128 Average
Alkali feldspar 19.9 - 31.7 30.0 27.2
Plagioclase 36.2 18.7 21.8 25.6
. Quartz 14.9 22.4 26.2 21.2
Hornblende 14.2 7.6 4.7 8.9
Biotite 9.5 9.8 8.3 9.2
Opaques 1.1 1.9 1.8 1.6
Clinopyroxene -—— 1.3 —— 4
Apaﬁite .
Zircon ' 1.3 1.3 0.8 1.1
Sphene ,
Actinolite 2.1 -—- .- .7
Epidote 0.1 -—= ——- ——
Chlorite 7 0.6 0.6 0.7 .6
Sericite 0.1 4.7 5.7 3.5

% Anorthite 31 29 35 32

Sample site locations:

UT/MM-78-21  NE1/4, SE1/4, sec. 10, T. 27 S., R. 9 W.
UT/MM-78-104  SW1/4, SE1/4, sec. 22, T. 27 S,, R. 9 W.
UT/MM-78-128  NE1/4, SE1/4, sec. 27, T. 27 S., R. 9 W.
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TERTIARY:

Tértiafy plutonic rocks of the Mineral Mountains Pluton underlie most of
the central portion of the Mineral Mountains. This study has identified five
major felsic phases of the pluton and, where possible, the age relationships
have been documented on the basis of cross-cutting relationships. Potassium-
argon dates on the felsic phases show ageé between 9 and 15 million years,
with numerous dates in the range of about 10 to 12 million years (Park, 1968;
Armstrong, 1970; Bowers, 1978). A.Rb-Sr whole rock isochron of the batholith
shows poor reliability but suggests an age of approximately 35 my (Lipman and
others, 1978). It is possible that the Miocene dates represent argon loss
resulting from tectonic activity rather than the actual time of crystalli-

zation of the plutonic phéses. Again, however, additional data are needed.

The major phases_of the batholith are, in chronologic order: quartz
monzonite (Tqm), porphyritic.granite (Tpg), syenite (Ts), granite (Tg), and
fine-grained granite (Tgr). Dikes of micrbdiorite, diabase, and rhyolite are
often found in a broad contact zone between the Precambrian and Tertiary
rocks. The principal felsic plutonic phases display strong textural and
compositional affinities. Often, because of these similarities, individual
samples cannot be assigned with certainty to one of the mapped units. The
plutonic phases are‘typi¢a11y'medium-to coarse grained. Biotite and horn-
blende are the only'ferromaghesian minerals present. Sphene, apatite,
magnetite, and flmenite are characteristic accessofies of most of the units

studied. .
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Generally, the major felsic phases of the pluton form rounded outcrops
and weather to grus. Alteration of the phases is minor with most thin
sections showing some formation of sericite associated with feldspars and some

chlorite after biotite.

Hornblende Diorite (Td)

A medium-grained hornblende diorite is'exposed as xenoliths in the
northern portion of the map area. The age of the unit is not known, but it is
not foliated, suggesting that it is younge} than Precambrian. It is found as
a xenolith in quartz monzonite, demonstrating that it is older than the

principal phases of the Mineral Mountains Pluton.

The unit is characterized by hornblende phenocrysts up to 1 cm long
which often contain relict pyroxene grains. Contaét effects have produced
some tremolite and altered much of the plagioclase to clay. Apatite makes up

about 3 percent of the rock.

Biotite Quartz Monzonite (Tqm)

A coarse-grained biotite quartz monzonite is the principal phase of the
Mineral Mountains Pluton exposed in the Roosevelt Hot Springs KGRA, and it.
underlies the northern part of the map area. The unit intrudes the Pre-
cambrian gneisses and is in turn intruded by all the other Tertiary phases
described in this report with the exception of the hornblende diorite. The
- quartz monzonite is massive with few joints. Howevef, as the contact with the
~ Precambrian rocks is apprbached, the unit picks up numerous xenoliths, becomes
'porphyritic; and takes on a shear foliation which generally trends north-

" south.
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Modal analyses of the quartz monzonite are presented in Table 3. 1In
general, the rock is poor in biotite, but around xenoliths of Precambrian rock

the biotite often increases to 15 or 20 percent of the rock.

Porphyritic Granite (Tpg)

| Avporphyr%tic biotite granite crops out in the southern portion of the
map area. It intrudes Precambrian rocks on the west and contains numerous
xenoliths of the Precambrian throughout its area of exposure. This unit has a
variable texture eveh within individual outcrops. Where porphyritic, K-
feldspar forms phenocrysts 1 to 3 cm 1069 in a medium-grained matrix. The
finer grained portions of the unit are best exposed along th$ western contact

of,the unit in Ranch Canyon.

The K-feldspar content of the granite varies from 40 to 65 percent (Table
4). The plagioclaée is anhedral, zoned, and constitutes 9 to 19 percent of
the rock. The plagioclase has an average anorthite content of 21 percent,

which is higher than the other phases of the Tertiary pluton. The granite is

20 to 36 percent quartz and 4.3 to 11.5 percent biotite. The rock contains

about one half of one percent each of opaques and apatite with traces of
sphene and zircon. ‘A1tera£ion of feldspars and biotite to sericite and

chlorite is very minor.

The porphyriticgranite intrudes the Precambrién rocks and a dike of
porphyritic gfan1te 1ntrUdes the quartz monzonite on the ridge north of Negro
Mag Wash. Dikes of the fine-grained granite and other dike units intrude the
pokphyritic granite. The age of,the porphyritic granite re]ative}to that of
the syenite and of the coarse-grained granite cduld not be determined in the

field.
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~Sample No.
UT/MM-78-X

Microcline
Plagioclase
Quartz
Biotite
Hornblende
‘Sphene
Opaques
Chlorite
Apatite
Zircon
Sericite
Epidote

% Anorthite

Sample site locations:

Table 3 - Modal Analysis of Quartz Monzonite (Tqm)
on the basis of 1000 point counts.

4
36.9
26.1

28.0
3.9
1.9
1.5
0.4
0.7
0.1
0.1
0.4

16-17

UT/MM-78-4
UT/MM-78-16
UT/MM-78-30
UT/MM=78-315

SW1/4,
SE1/4,
SW1/4,
SW1/4,

16
49.0
30.6
14.7

2.8

1.4

1.0
Trace
Trace
Trace

0.5

10-13

30 315
40.5 37.4
36.0 28.9
10.5 26.4

6.0 4.4
2.7 ‘ 0.9
2.1 1.4
Trace -
0.7 0.6
Trace Trace
1. Trace
0.4 .-
10-13 14

NN1/4, NWL/4, sec. 11, T. 27 S., R. 9 W.
SW1/4, sec. 36, T. 26 S., R. 9 W.

SE1/4, SE1/4, sec. 36, T. 26 S., R. 9 M.
SN1/4, SE1/4, sec. 27, T. 26 S., R. 9 W.

Average
41.2
30.5
19.9

4.3
1.7
1.2
0.2
0.4
Trace
0.5
0.1
13




Table 4 - Modal Analysis of the Porphyritic Granite (Tpg)

Sample No.
UT/MM-78-X

Alkali feldspar

Plagioclase
Quartz
Biotite
Sphene -
Opaques
Chlorite
Apatite
Zicron
Sericite

% Anorthite

on the basis of 1000 point counts.

27 - 105
53.0 40.7
19.4 11.5
20.0 34.2

4.3 11.5

1.2 -—-

“0.9 0.6

0.5 0.3

0.7 0.4
Trace Trace

--- 0.8
23 24

Sample site locations:

UT/MM-78-27

UT/MM-78-105
UT/MM-78-124
. UT/MM-78-160

SW1/4, SE1/4, sec. 36, T.
NW1/4, NW1/4, NE1/4, sec.
SE1/4, SE1/4, NE1/4, sec.
SE1/4, SE1/4, NW1/4, sec.

25

124 160
40.1 64.9
12.0 8.8
36.2 - 19.3
8.6 4.9
——— Trace
0.4 0.4
0.4 0.1
0.4 0.4
Trace Trace
1.9 1.2
24 12

26 S., R. 9 W.
27, T. 27 S, R. 9 W,
27, Te 27 Sey R.. 9 W.
25, T. 27 S., Re 9 W.

Average
49.7
12.9
27.4

7.3

0.3

0.6

0.3

0.5
Trace

1.0
21
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Syenite (Ts)

An elongate syenite stock crops 6ut between the main exposure of the
quartz monzonite on thé east and the quartz monzonite Precambrian contact on
the}west. Smaller areas of syenite are exposed near the mouth of Ranch
‘Canyon' and in the upper portion of Wild Horse Canyon. Few xenoliths or dikes
are found within the unit; The syenite intrudes the biotite quartz monzonite

and is itself intruded by coarse-graihed granite (Tg).

The syenite is medium-grained xenomorphic granular. Modal analyses are
presented in Table 5. Quértz content is generally less than 10 percent,
which serves to distinguish this rock from the granite (Tg) that intrudes it.

The high sphene conteht of the syenite is noteworthy.

Granite (Tg)

A medium- to coarse-grained granite crops out to the east and south of
Big Cedar Cove, in Upper Wild Horse Canyon, and to the northeast of Roosevelt
Hot Springs (Plate 1). The unit has the same textural and outcrop character-
-istics as the syenite and is distiﬁguished from that unit only by the
abundance of quartz. Thé granite intrudes the syenite andgis intruded by

dikes of fine-grained granite (Tgr), diabase, and microdiorite.

Modes of the granite are presented in Table 6. In addition to quartz
content, the rock is distinguished petrographicaily by,a'pronounced normal

zoning of plagioclaSe with cores of A"li to'Anlsiand rims of An4 to Anloq

Fine-Grained Granite (Tgr)
A fine- to medium—grained granite oécuré-as a major dike-forming unit

within the KGRA. The fine-grained granite is the major unit in the ridge
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Sample No.
UT/MM-78-X

Microcline
Plagioclase
Quartz
Biotite
Hornblende
Sphene
Opaques
Chlorite .
Apatite
Zircon
Sericite
| Hematite
Leucoxene‘
Epidote
Calcife

% Anorthite

Table 5 - Modal Analysis of\Syenite (Ts)

on the basis of 1000 point counts.

8 14A
- 73.0 | 67.6
16.9 20.8
7.2 6.0
1.1 1.8
0.2 -
0.7 1.0
0.6 0.9
Trace 0.4
- 0.1 0.2
‘Trace 0.2
0.2 0.4
- 0.2
- 0.4
- 0.1
10-11 8-12

Sample site locations:

UT/MM-78-8
UT/MM-78-14A
UT/MM-78-31
UT/MM-78-35

 SE1/4, NW1/4, sec. 11, T.

SE1/4, SE1/4, SE1/4, sec.

'SE1/4, SW1/4, sec. 12, T.

NW1/4, SW1/4, sec. 31, T.

27

31
55.4
20.2

5.0
11.5

1.4

3.4

1.2
Trace

0.9

0.4

0.6

Trace

27 S., R. 9 W.

35
48.9
41.2

1.0
0.3
4.0
0.2

2.6

35, T 26 S., R. 9 W.

27 S., R. 9 W.

26 S., R. 8 W,

Average‘
- 61.2
24.8
4.6
3.6
0.4
1.5
0.8
1.1
0.35
0.15
1.0
Trace
0.1
0.4
10




Table 6 - Modal Analysis of the Coarée-Grained Granite (Tg)
on the basis of 1000 point counts.

Sample No. ‘

UT/MM-78-X 18 25 26 29 Average
Microcline 48.5 48.7 59.5 58.7 53.8
Plagioclase 17.9 19.0 14.6 13.1 16.2
Quartz 23.2 23.8 : 24.9 21.5 - 23.4
Biotite 6 5.6 Trace 3.1 3.7
Sphene 1.5 1.5 0.1 1.2 1.1
Opaques L2 0.9 0.2 1.0 0.8
Chlorite 0.1 -—- 0.5 0.3 0.2
Apatite 0.4 0.1 Trace 0.7 0.3
Zircon Trace ~ Trace 0.2 Trace Trace
Sericite 1.2 0.4 Trace ; 0.4 0.5

% Anorthite 15 4-11 10-11 .13 11.5

Sample site locations:

UT/MM-78-18 SE1/4, NE1/4, sec. 34, T. 26 S., R. 9 W.
- UT/MM-78-25 NE1/4, NW1/4, sec. 13, T. 27>Su, R. 9 W.
UT/MM-78-26 Su1/4, NW1/4, NW1/4, sec. 24, T. 27 S., R. 9 W.
UT/MM—78-29 ‘ NE1/4, SE1/4, sec. 34, T, 26 S., R. 9 W,
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north of Negro Mag Wash and forms most of the crest of thatlridge (Plate 1)
with dikes spreading norih and south. The unit forms resistant, jointed
outcrops, with blocky to rounded talus. Limonite staining up to one half inch
into the rock is common on joints and fractures. The staining is heaviest,
and most wide spread, on the ridge north of Negro Mag Wash. Some of the
smaller dikes of this unit are very leucocratic, with less than 1 percent

biotite, and these dikes sometimes grade into or include small pegmatites.

The fine-grained granite is xenomorphic granular. The average crystal
size is less than 1 mm, but a few K-feldspar crystals are 1.5 mm. Modal |

analyses are given in Table 7.

Microdiorite (Tmd)

The microdiorite forms thin dikes averaging one to four meters thick.
Many'of the dikes are localized along fault zones, and some have been
brecciated by subsequent movement along these zones. The microdiorite dikes
are 6ne of the youngest of the Tertiary units, cutting every rock type with

which they are in contact including the fine-grained granite.

The dikes typically have a subdiabasic texture. Average modes are given
in Table 8. Metamorphism of some dikes by subsequent dike intrusions has

produced tremolite, actinolite, sericite, chlorite, and epidote.

Diabase (Tds)

Diabase dikes occur along the western margin of the Minerai Mountains
from Big Cedar Cove to a point eaét of Roosévelt Hot Springs. Thése northerly
trendjng dikes are two to fodr-meters in thickness and generally dip steeply

| ~to the west. The dikes cut all major phases of the Mineral Mountains Pluton
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Table 7 - Modal Analysis of the Fine-Grained Granite (Tgr)
on the basis of 1000 point counts.

o/

v Sample No. -
UT/MM-78-X 12 28 Average
Alkali feldspar 56.6 © 57.5 57.1

v Plagioclase 6.8 10.6 8.7
Quartz / 30,2 27.9 29.0

~ Biotite 38 2.0 2.9

v Sphene - o Trace  Trace
Opaques ‘ 0.8 , | 1.1 1.0
Chlorite ' 0.8 0.4 0.6

W Sericite 0.9 0.5 0.7
Epidote Trace ——- P
Apatite 0 Trace ——

v Sample site locations: ’ -
UT/MM-78-12 SW1/4, NW1/4, NE1/4, sec. 3, T. 27 S., R. 9 W.
UT/MM-78-28 NE1/4, NW1/4, NE1/4, sec. 3, T. 27 S., R. 9 W.

v

v

®

™)

- -

- 30




Table 8 - Modal Analysis of the Microdiorite (Tmd) and Diabase (Tds)

Sample No.
UT/MM-78-X

Plagioclase

on the basis of 1000 point counts.

Alkali feldspar ——-

‘Quartz
Hornblende
Actinolite

~Biotite

Sphene

Opaques

Apatite

Chlorite

Sericite

Epidote

Hematite

Orthopyroxene

Clay

% Anorthite

2.8
1.1
1.4

1.7
45

Sample site locations:

UT/MM-78-6
UT/MM-78-7
uT/MM-78-9
UT/MM-78-3

NE1/4, NW1/4, sec. 11, T. 27 S., R. 9 W.
NE1/4, NW1/4, sec. 11, T. 27 S., R. 9 W.

Microdiorite
7

38.3
5.7
1.3

21.6

17.5
9.2
0.6
1.3
1.8
1.4
0.6

0.7

38

9
44.6

3.7
11.2
17.0

18.6
2.0
0.7
0.6
0.4
0.6
0.5
0.1

Average

41.9
3.1
4.2
22.4

9.7
10.1
1.3
2.0
1.5
1.1
1.0
0.8
0.3
0.6

NE1/4, SW1/4, SW1/4, sec. 11, T. 27 S., R. 9 W.

31

'NW1/4, NE1/4, sec. 10, T. 27 S., R. 9 W.

Diabase
3

70.7
1.2
2.0

3.4
0.8

16.7
1.8
0.1
3.3
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but are\not in contact with the microdiorite or rhyolite. Hence, the relative
R age of the diabase with respect to these latter intrusives is not known. The
diabase dikes are fine .grained, and modal compositions are given in Table 8.
Deuteric alteration has affected all primary minerals of the diabase; phases

¢

include sericite, chlorite, clays, and limonite.

Rhyolite dikes (Trd)

“Several rhyolite dikes have been mapped in the}area south of Wildhorse
Canyon. These dikes cut both Precambrian rocks and the Tertiary porphyritic
granite (Tpg). The dikes are cut by faults which do not cut the Quaternary
rhyolites. This, coupled with the glassy appearance of the dikes, has led to
their classification as the youngest Tertiary unit. These dikes are resistant

- to weathering and form distinctive linear ridges.

The rhyolite dikes are typically one to twenty meters wide and consist of
a gray aphanitic matrix with approximately 10 percent 2-4 mm clots of feldspar
phenocrysts, 5-7 percent anhedral quartz phenocrysts,and approximately 3
percent biotite flakes. The dikes are often strongly foliated with alignment
of the biotite. In thin section the rhyolite dikes consist of a fine-grained
si]iéified groundmass with strongly sheared and sericitized clots of feldspars
and multicrystal quarti grains with well developéd ribbon structure. Biotite

grains have well developed reaction rims.

QUATERNARY
Rhyolites (Qrd, Qrf. Qra)

From 800,000 to 500,000 years ago, the Mineral Mountains were the site of
'rhyolitic volcanism which prOddced flows, pyroclastic rocks, and domes. It

has been hypothesized by Smith and Shaw (1975) that young rhyolites such as
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these may indicate the presence of an upper level magma chamber which could
serve as a heat source for the geothermal system. Certainly they do provide
‘prima facie' evidence for high thermal gradients in the recent geologic

history of an area.

Studies of the rhyolites of the Roosevelt Hot Springs KGRA have been
summarized in Lipman and others (1978), and Wardhand others (1978). Specific
studies on the petrology and petrochemistry of the rhyolites have been
presented by Nash (1976), Nash and Smith (1977), and Evans and Nash (1975,
1978). Much of the following summary was taken from these papers, and the

reader is referred to them for a more detailed presentation.v

The oldest Pleistocene rhyolites are the non-porphyritic flows of Bailey
Ridge and Wildhorse Canyon. These flows are obsidian-rich, but commonly have
devitrified central portions. A single K-Ar date on the Bailey Ridge flow
indicates an age of 0.791.08 my (Lipman and others, 1978).

Subsequent to the formation of the rhyolite flows, pyroclastic eruptions
fesulted in the deposition of air-fall and some water-lain tuffs in addition
to non-welded ash f]ow_tuffs.' These rocks generally contain microphenocrysts
of sanidine as well as quartz fragments and rare hornblende phenocrysts. As
shown in Plate I; the pyroclastic rocks are principally exposed in Ranch
; Canyon.r A K-Ar date on a contained obsidian clast gives a maximum age for the

pyroclastics of 0.70 £.04 my'(Lipman and others, 1978).

Evans and Nash (1978) have determined equilibration temperatures using
the iron-titanium oxide geothermometer of Buddington and Lindsley (1964). The
results indicate temperatures of 740-7850C for the rhyolite flows and
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635-6650C for the later rhyolite domes. This is confirmed by the two-feldspar
geothermometer. It is hypothesized by Evans and Nash (1978) that the domes
and flows are genetically related and that the rhyolite of the domes was

derived by differentiation of the rhyolite that produced the flows.

Hot Spring Deposits (Qs and Qcal)

Hot spring deposits in the KGRA have been mapped as both siliceous sinter
(Qs) and as silica-cemented alluvium (Qcal). The principal areas of hot
spring deposition are along the Opal Mound Fault and in the Roosevelt Hot
Springs area. In both these areas the depbsits consist of both opaline and
chalcedonic sinter. A detailed discussion of the phases associated with the
sinter has been presented by Bryant and Parry (1977) and summarized in Ward
and others (1978). These hot spring deposits imply the presence of a high

temperature water-dominated geothermal system (White and others, 1971).
Subsurface Information
IDENTIFICATION OF CUTTINGS

Several mapped rock types in the KGRA, although readily recognized in
outcrop and haﬁd specimen, may be confused with one another when examined as
driil cuttings with hand 1ens or binocular microscope. The small size of
these cuttings, averaging roughly 2-3 mm in maximum dimension, commonly |
obscures diagnost1c71arger scale textural characieristics 6f rocks. Reliable
identificatidn En such cases requires careful petfographic examination. The
fo]lowingldiscussion will outline the important features of cuttings identi-

fication.
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Three Tertiafy plutonic phases, quartz monzonite (Tqm), coarse-grained
granite (Tg), and porphyritic granite (Tpg), are nearly identical in .
appéarance when reduced to drill cuttings. All are coarse crystalline, quartz
rich, and contain minor biotite. Hornblende is absent in the two granites and
generally missing from the quartz monzonite. By contrast with these three
phases, Tertiary syenite is medium grained, quartz deficient, and may contain
abundant honey-colored sphene. It is distinguished from the coarser plutonié
phases by grain size, and from the fine-graiﬁed granite (Tgr) by grain size
and cdmposition. Aplitic and pegmatitic phases of the fine-grained granite

contain little or no mafic minerals, and may contain muscovite.

Because of its highly variable composition and banded or layered aspect,
| portions of the Precambrian banded gneiss may be mistaken in drill cuttings
for several other rock units within the KGRA. Felsic layers and migmatitic
segregations in the banded gneiss are poorly to non-foliated, and may closely
_resemb]e Tertiary granitic intrusives. Mafic portions of the gneiss are rich
in biotite and hornblende and are almost always foliated even in cuttings.
These méfic portions, where relatively rich in hornblende, are finér grained

“than the Precambrian hornblende gneiss.

Foliatfon in the Precambrian hornblende gneiss is generally discernible
only with difficulty in drill cuttings. A re]ative]y high hornblende and
biotite content, however, distinguishes the hornblende gneiss from coarse~
crystalline Tertiary intrusfves. The‘hornblende gneiss differs from Tertiary
(?) hornblende diorite by being generally coarser-crystalline, by containing
biotite and sphene, and by containing much less hornblende (average 9 percent

compared to 50 percent).
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Lithologic units in the wells Utah State 72-16, 52-21, and 14-2 have been
correlated with the units mapped in the KGRA. Detailed logs of Utah State

72-16 and Utah State 52-21 are presented in Appendix I and II respectively. A
lithologic log of Thermal Power's Utah State 14-2 is presented by Ballantyne

and Parry (1978). ~These holes are shown on Plate I and are included in the
cross-sections of Plate II.. In addition, six shallow thermal gradient holes
have been Iogged and these are presented in Appendix III and briefly sum-

marized in the following sections.
THERMAL POWER COMPANYS UTAH STATE 72-16

Thermal‘Power's Utah State 72-16, located in the central portion of the
Roosevelt Hot Springs KGRA (Plate 1), penetrated to a depth of 379 m (1244
feet). ‘The lithologic log of this hole is pfesented in Appendix I. The well
intersected hot water entries at 95 m (312 feet), 152 m (500 feet), 191 m (625
feet), and at the base of the hole. Below a thick alluvial section, the hole
consists primarily of interlayered poorly to well foliated gneisses. On the
basis of 1ithological similarities, uhits within Utah State 72-16 have been
correlated with the hornb]ende and banded gneisses mapped on the western flank
of the Mineral Mountains. The complex geological relationships suggest that
Utah State 72-16 is located near the contact zone between the banded gneiss

and thelintrusive hornblende gneiss.

Dikes bf coarse-grained mafic-poor granite and microdiorite cut both the
banded and hornblende gneisses. The granite forms numerous thin dikes which

are widely distributed throughout'the drill ho1e.r~The microdiorite occurs
““only between 192 m (630 feet) and 195 m (640 feet) where it is intensely

raltered.
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A]teration'assemblages in Utah State 72-16 cansist primarily of various
proportions of pyrite, hematite, quartz, carbonate; and clays. Petrographic
observations suggest thatrhematite + carbonate were deposited after pyrite,
and quartz appears to have been precipitated with both pyrite and hematite.
The distribution of alteration assemblages is illustrated in Appendix 1.
Similar alteration assemblages have been observed in sporadically distributed
fragments throughout the alluvidm, so at least some gf the alferation predates

deposition of the alluvium (see also Hulen, 1978).
GETTY OIL COMPANY UTAH STATE 52-21

Getty 011 Company's Utah State 52-21 (Appendix II), collared approxi-
mately 1.7 km south of Utah State 72-16, waS completed at a depth of 2281 m
(7478 feet). In spite of its proximity to 72-16, 52-21 did not encounter
commercially extractable fluids. Utah State 52-21 penetrated alluviu@ to a
depth of 167 m (548 feet). The alldvium consists of subrbunded to angular
grains of fine- té coarse-crystalline Tertiary granitic rocks, Precambrian
gneisses, and Pleistocene pumice and perlite. The pumice and perlite, derivedl
from 0.8 to 0.5 my old (K-Ar; Lipman and others, 1978) silicic volcanic
centers in the Mineral Mountainé, are confined to the upper 66 m (218 feet) of
alluvium where they commonly account for greater than 50 percent of samples
from specific horizons. Méximum calculated a]lu@ial sedimentation rate at the
site of Utah State 52-21 since initial deposition of the pumice and perlite
may be as much as 1 m in 700 years (Hulen, 1978).

From 167 m (548 feet) to the final depth of 2281 m (7478 feet), Utah
State 52-21 intersected primarily a thick sequence of crudely fo moderately

well foliated gneiss which is correlated with the‘banded gneiss (PCbg) mapped

37




at the surface. In this hole, the gneisses are fine to medium grained and
consist of biotite ¥ hornblende, feldspar, and quartz in highly Variable
ratios, commonly with minor sphene and/or fibrolite, and rarely with traces of
zircon, cordierite(?), and garnet. The gneisses commonly display a distinc-
tive "salt-and-pepper" texture. Thin zones of well foIiated medium=- to |

~ coarse-grained biotite schist are locally present.

The banded gneiss in ﬁtah State 52-21 .is intruded by several thick zones
and a few narrow dikes or sills of medium- to coarse-grained
biotite-hornblende quartz monzonite to granodiorite gneiss (P€gn). Foliation
in the gneiss in drill cuttings is discernible only with difficulty. Its
correlation with outcropping hornblende gneiss is based on petrographic
examination and on comparision of the cuttings with outcrop samples crushed to

simulate drill chips.

Dikes of leucocratic medium;grained biotite granite and rare a1askite
intrude the banded gneiss and hornblende gneiss‘throughout the drill hole.
These‘dikes are most common below 1830 m (6000 feet) where they form more than
B0 percent of the rock intersected. Most of thé dikes, particularly where
abundant in the lower portion of the hole, can probably be correlatgd with
Tertiary fine-grained granite (Tgr) mapped at the surface. Many, however,
cannot be confideht1y distinguished in drill cuttings from felsic migmatitic
differentiates within the banded gneiss.

Biotite-hornblende quartz microdiorite occurs as a 40-foot intercept
intruding leucocratic grahite between 619 m (2028 feet) and 631 m (2068 feet).

The microdiorite also forms numerous narrow dikes, generally less than 2-3
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percent of a ten-foot chip sample, above 1922 m (6300 feet). The‘principal
microdiorite dike and most of the smaller dikes are intensely hydrothermally

altered and commonly contain abundant disseminated pyrite.

Preliminary examination of geophysical well logs for Utah State 52-21 by
W. E. Glenn (personé] communication, 1978) suggests the following major zones
of probable structural disruption: at least 616 m (2019 feet, bottom of
casing) to roughly 884 m (2900 feet), 1067-1073 m (3498-3518 feet), 1884-1915
m (6178-6278 feet), 2083-2107 m (6828-6908 feet), and 2186-2269 m (7168-7438
feet); These zones generally correlate well with an increase in gouge chips

in corresponding drill cuttings.

Alteration is generally very weak in Utah State 52-21, but is intense in
restricted intervals. It is particularly intense between roughly 610 m (2000
feet) and 671 m (2200 feet) where it is apparently centered on the micro-

"diorite dike described above. The alteration is characterized by chloriti-
zation of biotite and hornblende, sericitization and calcite alteration of
feldspars, particularly plagioclase, and leucoxene (% calcite) after sphene.
Calcite veinlets and microveinlets and caTcite-a1tered gouge occur along the
entire léngth of the hole but are most common beltow 1220 m (4000 feet).
Microveinlets of chlorite4(i calcite, quartz, seffcite) appear in the
micrbdiorite at 619 m (2028 feet) and erratically persist to the bottoﬁ of the
hole. Traces of epidote occur locally throughout the hole as micro-

veinlets (¥ chlorite, quartz) and as small patches replacing feldspar.

Disseminated pyrite i§ erratically distributed in trace to minor amounts
in all rock types a]ong'the‘éntire depth of Utah State 52-21. It is commonly

accompanied by traces of texturally similar chalcopyrite. These sulfides are
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- typically associated with an increase in chlorite-calcite-sericite
(tleucoxene) alteration of their host focks. Pyrite is notably concentrated
in altered microdiorite dikes, particularly between 619 m and 631 m (2028 and
2068 feet), where it forms one percent of the rock by volume. Although
predominantly disseminated, pyrite and chalcopyrite also occur as rare local
microveinlets, generally in combinatfon wifh one or more of the minerals

chlorite, calcite, and quartz.

Earthy iron oxides are present in Utah State 52-21 to a depth of roughly
762 m (2500 feet) but are concentrated between 110 m.and 336 m (360 to 1100
feet). These iron oxides, dominantly brick-red to maroon hematite with minor
goethite and jarosite, occur as irregular films and crusts on detrital grains
in alluvium and as microveinlets in subjacent bedrock. They also occdr as a
Tight stain around mafic minerals and_as rare pseudomorphs of pkimary pyrite
grains. Above 214 m (700 feet), the iron oxidés are accompanied by local

traces of dendritic manganese oxide.
UNIVERSITY OF UTAH THERMAL GRADIENT HOLES

Lithologic Togs for six thermal gradient holes drilled by the University
of Utah aré presented in Appendix III. The locations of these holes are
listed in Appendix III and, where possib]e,shqwn on Plate I. Core is stored in
the sample'library of the Department of Geolbgy and Geophysics, University of
Utah. :
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Alteration

Surface hydrothermal alteration at the Roosevelt Hot Springs KGRA is
minimal and confined to areas of recent hot spring activity, fault zones,
jdint surfaces, and zones of base metal mineralization. Alteration in many of
the holes drilled in the district and surface é]teration associated with hot
spring activity have been described by Bryant and Parry (1977), Ballantyne and
Parry (1978), Parry (1978), and Hulen (1978). The results of many of the -
above alteration studies have been summarized in Ward and others (1978).

Hulen (1978) has documented the coexistence of altered and unaltered clasts in

alluvium, indicating that hydrothermal processes have been active in the past.

Intense faulting within the Roosevelt Hot Springs KGRA was accompanied by
hydrothermal alteration. In general, the mylonite zones display assemblages
which are characteristic of the greenschist facies of metamorphism or}the
propylitic alteration facies. Epidote, chlorite, magnetite, hematite, and
leucoxene are developed. The zones afe commonly silicified, and occasional
pods of bull quartz have formed along the faults. The silicification produces
a rock which is quite resistent to weathering and is brittle as well as being
relatively impermeable. The zones thus form conspicuous jagged outcrops along
- ridge crests. Rocks adjacent to the mylonites are often strongly jointed but
not silicified, however, it is common to fiﬁd that the amphiboles and biotites

in these rocks have been altered to chlorite.
Structure

~ The Roosevelt Hot Springs KGRA contains‘a stfuctural]y controlled geo-

thermal system. The following presentation emphasizes the field relationships
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in the KGRA and their importance as exploration criteria. As noted earlier,
there are no units, except the Recent alluvium, which possess sufficient
primary permeability to serve as production aquifers. Indeed, even in fields
whicﬁ produce from stratigraphic'reservoirs, much of the production comes from

permeable fault zones (Muffler, 1975).

FAULTS |

As illustrated in Plate I, the Roogévelt Hot Springs KGRA is dominated by
foﬂr major fault systems. These are, in order of probable age, 1) large-scale
faults which dip at shallow ahgles to the west, ?) northwest-trending fault
zones which are probably related to the low-angle faults, 3) east-west steeply
dipping structures, énd 4) north to northeast-trending normal faults which
offen localize hot spring activity. The faults shown cutting bedrock on Plate
I are identified in the field on the basis of either zones of mylonite or
demonstrable offset of geologic units. Faults mapped within the alluvium are
recognized on the basis of siliceous sinter deposits, linears produced by
minor offset, or alignment of vegetation. Many of the air photo linears
examined within the range show no indication of movement or cataclasis and are

thus not mapped as faults.

A major ]ow;angle fault has been traced from Ranch Canyon on the south to
Négro Mag Wash on the north (Plate 1). The fault zone is marked by intense
brecciation up to 15 m thick, and its geometry is illustrated on cross-
sections B-B' and C-C' (Plate II). Reconnaissance indicates continuation of
the fault zbne south of the area shown on P1ate I, where it was recognized by
Condie (1960). In the area between Ranch Canyoh and Wild Hokse Canyon, the

offset of lithologies indicates normal movement with a displacement of
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approximate]y 610 m (2000 feet) in a S 80%W direction. As illustrated in
cross section C-C' (Plate II),‘the fault plane ih this area dips approximately -
15%. To the north, the zone steepens and dips approximately 65% at the
eastern margin of Little Cedar vae. Reconnaissance work on the probable
continuation of the fault zone along Upper Ranch Canybn Road shows that the
zone is approximately 15 m thick and dips 10°4. Thus there is consistent

evidence that the dip of the zone steepens to the north.

Other low-angle fault zones have been mapped in the KGRA, but these are
less continuous and of more limited distribution than the fault described
above. Three low-angle zones have been mapped in sec. 36 (T. 26 S., R. 9 W.)

and sec. 31 (T. 26 S., R. 8 W.). These zones are marked by mylonites and dip
9-48° to the west and northwest. It was not possible to trace the zones any
farther than is shown in Plate I because of development of residual soils. A
major low-angle fault zone has also been mapped in sec. 24 (T. 26S., R. 9 W.).
Thiﬁ zone trends approximately N 70% and dips 40%s. It is cut off oh the
north by a high-angle east-west fault zone and disappears beneath alluvium on
the south. Additional mapping within the Mineral Mountains will result in a
more coherent picture of the interrelationships of these discontinuous

low-angle features.

The»low-ang1e fault zones are similar to»those‘described as denudation
faults (Armstrong, 1972). Normal offset and a probable Tertiary age indicate
that‘the faulting is unrelated to Sevier (Cretaceous) thrusting. The faults
were formed during the uplift of the Mineral Mouhtains, but the depth at which

they formed is at presént-unknown}and remains under investigation.
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The upper plate of the major low-angle fault contains a family of
northwest-trending high-angle faults found principally in the hills south of
Big Cedar Cove (Plate i, Piate IT, B-B'). These faults are accompanied by
several east-west and northeast-trending systems. The northwest-trending
zones dip steeply to the east and ﬁest. Some have dips that flatten downward
and représent a rotational offset. Si1icified mylonite zones up to‘4 m thick
are common_a]ong these zones. Because of the absence of marker horizons, the
direction of displacement and the total amounf of offset on these structures
cannot be docdmented. In the vicinity of Ranch Canyon (Plate I)‘it is
apparent that high-angle northwest-trending faults are present in the hanging
wall of the major low-angle fault but not in the foot wali. This implies that
the northwést-trending faults were developed in the upper plate in response to
the low-angle faulting. Thus the mylonite zones were formed by differential
movement between re]atiVely rigid blocks of the hanging wall during low-angle
faulting. Supporting evidence for this interpretation is that the northwest
fault direction is at approximately right angles to the direction of movement

inferred by realigning the geology of the upper and lower plates.

The distribution of faults on Plate I indicates a much greater intensity
of faulting in the Precambrian hornblende gneiss than in adjacent units,
particularly the Precambrian banded gneiss. This is largely a function of

mechanical properties of the lithologies. Mylonite zones which are well

developed in the hornblende gneiss often disappear when the faults enter the

banded gneiss. Thus it is probable that the northwest faulting does continue
through the banded gneiss but, due to the character of the outcrops, these

faults were not recognized. These high-angle fault zones are commonly the
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site of microdiorite dikes. Often both brecciated and non-brecciated dikes
occupy the same zone, suggesting several periods of dike intrusion and

implying several periods of movement on the same faults.

A steep]y)dipping east-west fault system has been identified in the KGRA.
These structures are probably more numerous than are shown in Plate I. It is
thought that east-west valleys along the western flank of the Mineral Moun-

- tains are structurally controlled, but Quaternary rhyolites and Recent
alluvium cover the structures. One of the best exposed east-west faults is
the Negro Mag Fault system. The offset along this zone is probably normal
with the north side down-faulted; this sense is opposite that proposed on the
basis of gravity data (Crebs ahd Cook, 1976). Another east-west fault, mapped
in the northern extent of Plate I, also shows normal offset with down-faulting

to the north.

The youngest faults in the KGRA trend north to north-northeast and dip at
high angles. The most conspicuous of these is the Opal Mound Fault and
associated siliceous sinter deposits. Reports on the subsurface relationships
(Geothérmex, 1977) show that the Opal Mound‘Fault is an eastward-dipping
normal fault bounding a graben on‘the'east and a,ﬁarrow horst on the west.
~ Gravity models (ward.anq others, 1978) show repeated down-faulting tb‘the west
of the Opal Mound Faulf Which, together with‘a tilted bedrock surface, results
in a maximum depth to bedrock of 1.4 km in the center of the Milford Valley.

| The Opal Mound Fault can be traced northward to Negro Mag Wash. Although
there are faults evident to the north of the wash, correlation with the Opal

Mound Fau]t,becomes specu]ative} A fesistivity Tow fdllowé the Opal Mound




Fault south of Negro Mag Wash, but to the north the resistivity trends
northwest (Ward and Sill, 1976). This suggests either a change in trend of
the system of faults associated with the Opal Mound Fault or a separate

northwest trend controlling geothermal fluids.
JOINTS

Joints which increase the permeability of otherwise impermeable rocks'
may be of importance in localization of geothermal reservoirs. dJoint
directions measured in the Roosevelt Hot Springs KGRA are plotted in Figure 5.
This diagram indicates a strong vertical to near-vertical joint trend which
strikes east-west to N 70°{. A second maxima occurs at N 25°W to N 55% with
dips of 30° to 50%°4. The nbrth-west trends may be related to the low-angle
faulting discussed in the preyious section. A more complete analysis of the
joint trends in the KGRA will be presented by Yusas and Bruhn (in prepara-

‘tion).
DISCUSSION

. Available information indicates that the principal producing wells in the
geothermal field are Phillips Petroleum Co. wé11$ Utah State 3-1, 54-3, and
13-10, and Thermal Power Co. wells Utah State 14-2 and 72-16 (Geothermex,
1977). 1In addition, Phillips wells Utah State 25-15 and 12-35 are pdtential
producers but are reported to have sha11ow, cool water contamination
(Geothermex, 1977). These producing wells are pTotted on Plate I and coincide
with an area of high thermal gradients (5111 and Bodell, 1977; Ward and
others, 1978). The geothérma] field at Roosevelt.Hot,Springs is bounded by

the range front on the east and the Opal Mound Fault on the west. Present
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Fig. 5~ Equal area projection on the lower hemisphere of joints

from the Roosevelt KGRA. Contoured by the Schmidt method
with contours at 1%, 3%, and 5% of 1% area (190 poles).
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drilling data indicate that the geothermal field may be abruptly terminated
between Utéh State 52-21 and 72-16. A major structural feature, which can be
interpreted as a fault, has been identified from electrical resistivity data
in this area (Ward and Si11, 1978), but efforts to locate this structure where

it intersects the range front have been unsuccessful.

Buried structures which confrol the geothermal reservoir can be postu-

' lated'by extrapolation from faults mapped in the adjacent range. Zones of
intense northwest faulting are localized within the central portion of the map
area (Plate I). These zones project directly into the southern portion of the
geothermal reservoir. The northern po;tion of the known geothermal field lies
along the continuation of the Negro Mag Fault zone (Phillips 3-1, 54-3;
Thérmal Power 14-2).

It is proposed that the geothermal reservoir is controlled by the
intersectionsvof two or three principal fault zones recognized in the Mineral
Mountains. The shallow- and steep-dipping'myIOnﬁte zones which result from
'low-angle faulting and the steep mylonite zones produced by east-west faulting
are largely impermeab]e because of silicification. However, these rocks are
quite brittle and could form permeable reservoirs if intersected by later
faults. ‘In addition; strong]y fractured rocks adjacent to thé my]dnite zones
may develop beservoir potential during initia] ok subsequent faulting. It is
also possible to have perméabi]ity developed by recurrent movement on any of

these fault zones.

Cross-sections A-A' and B-B' (Plate II) are drawn through areas of
documented hydrothermal production. Where available, data from production

- wells have been incorporated into these sections. Although Phillips’ Utah
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State 54-3 is shown in section A-A', no geologic information was available to
the authors. The relationships shown for Utah State 54-3 are based on geo-
_Iogic mapping and cuttings logs of Utah State 14-2. Section A-A' is drawn
subparallel to the Negro Mag Fault zone and is probably within that zone in
thé western half of the cross section. The intercepts with that zone are not
shown in section A-A'. It is proposed that production from this area taps a
structural reservoir created by the intersection of the Negro Mag zone with

faults parallel to the Opal Mound Fault and to low-angle faults.

Structural control of the southern portion of the geothermal field is
illustrated in cross-section B-B'. Northwest-trending mylonites and mylonites
formed along the loﬁ-ang]e faults are intersected by structures forming the

complex graben between the range front and the Opal Mound Fault.

In summary, the bedrock geology adjacent to the producing geothermal
field at Roosevelt Hot Springs is unique in that it contains a family of
northwest-trending mylonite zones which developed through the brecciation of
the upper block of a low-angle normal fault. The intersection of these zones
- with the Opal Mound and Negro Mag Fault zones is believed to produce the open
fractures which qontrol the hydrothermal reservoib.‘ Thus the denudation
vfaUlting was essentially a groUnd‘preparation ﬁhase where tectonic milling and
fluid-rock interaction produced brittle, 1mpermeab1e mylonites flahked by

well-brecciated zones.

‘The presence of low-angle faults in the Roosevelt‘Hot Springs KGRA
suggests a number of possibilities that can be of;importahcelin the continued

development of the Roosevelt Hot Springs KGRA in particular, and exploration
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jn other KGRAs in the Basin and Range in general. These possibilities are

speculative and there is no confirmation that they have been developed.

1. The presence of low-angle faults indicates that structural reservoirs
in crystalline rocks may be covered by impermeable upper plates which mask
high convective heat flow and eliminate near-surface resistivity responses to

altered brine-saturated rocks.

2. There is a possibility that crystalline rocks may overlie pre-fault
volcanics and clastic sediments which may provide a stratigraphic control for
much of the hydrothermal reservoir. Again, the crystalline cover may mask the

presence of that reservoir.

3. Low-angle faults may channel hydrothermal fluids away from reservoirs
so that hot spring and alteration evidence of these reservoirs is displaced

relative to the reservoirs themselves.
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THERMAL POWER WELL 72-16
ROOSEVELT HOT SPRINGS KGRA
LITHOLOGY, ALTERATION AND MINERALIZATION LOG

EXPLANATION

2e0 Sy ARKOSIC ALLUVIUM. SUBROUNDED
a2l TO ANGULAR FRAGMENTS AND
GRAINS OF SILT TO. FINE GRAVEL SIZE
DOMINATED BY LEUCOCRATIC GRANITE
AND ITS CRYSTAL CONSTITUENTS, WHICH
COMPRISE MICRQCLINE, ORTHOCLASE, PER-
THITE, PLAGIOCLASE, AND TRACES OF
SPHENE, APATITE, AND ZIRCON BECOME
PROGRESSIVELY MORE CONSOLIDATED

WITH DEPTH.

25 SILICIFIED ARKOSIC ALLUVIUM
SAME AS ABOVE EXCEPT CEMENTED

WITH SILICA (OPAL, CHALCEDONY, QUARTZ)

AND PYRITIZED. '

LEUCOCRATIC BIOTITE GRANITE
2] FINE=MED.~XLINE, SUBEQUIGRAN=-
ULAR. 50-60% POTASSIUM FELODSPAR (MIi~
CROCLINE PLUS ORTHOCLASE, IS=-20%
PERTHITE, 185-20% OLIGOCLASE, 10-IiS%
QUARTZ, 1% BIOTITE, TR. ZIRCON, TR.
APATITE, TR.=~0.1% ALLANITE, TR. MAG-
NETITE/ILMENITE, LOCAL TR. SCHEELITE
MYRMEKITIC INTERGROWTHS COMMON.

—> <~ BICTITE~HORNBLENDE QUARTZ
<321 MONZONITE GNEISS, MED. CRS.
XLINE. 30-38% ORTHOCLASE, 1~2% MICRO~
CLINE, 20~25% OLIGOCLAS, 10~I8%

_ QUARTZ, 18-20% MED.- DARK GREEN
"AMPHIBOLE ( PROBABLY HORNBLENDE},
‘2% SPHENE, 2% DARK OPAQUE MINERALS

( MAGNETITE - ILMENITE ), TR. APATITE,
TR. ZIRCON, HORNBLENDE AND QUARTZ
COMMONLY OCCUR AS WORMY INTER=-
GROWTHS. QUARTZ COMMONLY STRAINED.

APATITE~RICH BIOTITE HORNBLENDE
222723 PLAGIOCLASE GNEISS FINE<MED.
XLINE, MOD. WELL~FOLIATED. 43-50% PLAG,,
COMMONLY ZONED, 5-7% STRAINED QUARTZ,
5-7% ORTHOCLASE, 3~7% APATITE, 2~3%
SPHENE, 0.1-0.3% ZIRCON, 10-1%% BIOTITE,
15-20% HORNBLENDE.

X

:9:5 4] FAULT GOUGE AND BRECCIA
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ABBREVIATIONS

MED. - MEDIUM
XLINE -CRYSTALLINE
TR. - TRACE
CRS.=COARSE

DOK.=~ DARK

MOD.- MODERATE (LY)
DISS.~ DISSEMINATED
QTZ.-QUARTZ
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APPENDIX II
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HOLE #

-UU 76 SC (3HF)
-UU 76-1

-UU 1A

-UU 1B

-UU 76 BS (1 HF)
-UU TGS (#5?)

APPENDIX III

LITHOLOGIC LOGS OF SIX UNIVERSITY OF UTAH

THERMAL GRADIENT HOLES

LOCATION

SW 1/4, SW 1/4, SE 1/4, Sec. 25, T26S, ROW.

NW 1/4,

NE 1/4,

NE 1/4,

NW 1/4,

NE 1/4,

NE 1/4, SW 1/4, Sec.

NE 1/4, SE 1/4, Sec.
SE 1/4, SE 1/4, Sec.
NE 1/4, NE 1/4, Sec.
NE 1/4, SE 1/4, Sec.
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34, T26S, RIW.
4, T27S5, RIW.
4, T27S, R9W.
8, T27S, R9W.
14, T26S, R9W.
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Landslide

Opgaline and Chalcedonic sinter
Sitica-cemented alluvium
Hematite-cemented alluvium
Manganese-oxide cemented alluvium
Alluvium

Rhyolite Domes X
Glassy, 1~-5 % phenochrysts, perlite and pumice manties.

Pyroclastics , .
Air fall and non—welded ashflow tuff, White to light
tan. Weakly consolidated.

Rbyolite Flow
Non-porphyritic gloss%, gray, flow banded lava and
obsidlan,” Perlitic rubble on flow tops.

!

Rhyolite Dikes
Aphanjtic, gray rhyolite dikes with approximately 5%
orthoclase phenocrysts and minor biotite. Often
sillcified and typically strongly jointed.

Diabase Dikes
Afhonitlc, light brown or light gray green, with 3%
plagioclase phenocrysts. Typically strongly jointed.

Microdiorite Dikes . )
Dark green, dark gray, or black fine-grained dikes,
piagloclase phenocrysls often present.

Granite Dikes
Fine- rqiqeddphaneritic, resistant, dark brown,
closely joined ouicrops, forming blocky to rouned
talus,” Joints are typically limonite-stdined.
Unlabeled dikes are Tgr,

Granite
Coarse to medium-grained, xenomorphic, even texture
with 22% quartz. Forms massive rounded outcrops,
weathers to grus.

Syenite
Medium-grained, xenomorphlc, with | to 3% sphene.
Forms white or very light brown stained, massive,
rounded outcrops, weafhers to grus.

Porphyritic Granite .
Eordphyrmc with 25% | 10 3 ¢m microcline phenocrysts,
e‘ ium to coarse grained matrix. Forms resistant
outcrops.

Quartz Monzonite
Coarse grained, massive, rounded light brown outcrops.
Flow foliatlon and mafic'xenoliths typical in the
contact zone. |to 2 cm anhedral to subhedral micro-
cline crystals ?res_em In parts of the contact zone.
Forms some talus in the contact zone, but weathers
to grus in the interlor of the pluton.

Diorite
Medium -grained hornblende diorite.

Hornblende Gnelss
Medium-grained hornblende gneiss; weakly to strongly
foliated. Forms resistant outcrops.

Blotite Gnelss o i .
Highly variable biotite and biotitae -hornblende gneisses
which occur as inclusions within zounger units. Typjcally
massive to weakly foliated, dark coiored, sghene rich and
medium-grained. Alkalal feldspar porphyro

commen.
Sitlimonite Schist
Dark gray to green fine-grained, finely laminated schist
containing abundant biotite, fibrolitic sillimanite, and
minor garnet porphyrobiasts.

lasts are

Quartzite . , )
White, bedded metaquartzite containing minor biotite
and feldspar.

Banded Gneiss ) )
Gray to white conspicuously layered biotite gnelss, schist
and migmatite. Highly variabie in composition. Wel]
developed isoclinal”and pfygmatic folding.

Contact, dashed where approximate

Fault, intruded by microdiorite dike.
Foult, dashed where inferred, dotted where covered.

Breccia zones shown where mappable.

Fault, mapped from linears on areal photos, may have soma

topographic relief.

Joints

Foliation

Foliation with plunge of linear

Dip of dike, thickness not shown to scale.

Uniabeled dikes are Tgr.

Fumarole

Spring

Geothermal well

Thermal gradient hole

LLake Bonneville shore features

Prospect pit

Shaft
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