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GEOTHERMAL AND ARCHEOLOGICAL SIGNIFICANCE

By P. W. LIPMAN; P. D. ROWLEY, H. H. MEHNERT;
S. H. EVANS, Jr., W. P. NASH, and F. H. BROWN;?
Hawaiian Volcano Observatory, Hawaii; Denver, Colo.; and Salt Lake City, Utah
With sections by G. A. IZETT and C. W. NAESER
and by IRVING FRIEDMAN, Denver, Colo.

Abstract.—Little-eroded rhyolitic tuffs, flows, and domes ex-
tend over about 25 km? along the western side of the Mineral
Mountains, southwestern Utah, which is along the eastern
edge of the Roosevelt KGRA (Known Geothermal Resource
Area). Initial eruptions resulted in two low-viscosity lava flows
of nonporphyritic rhyolite. These were followed by bedded pum-
ice falls and nonwelded ash flows. The youngest activity pro-
duced at least nine viscous domes and small lava flows of rhyo-
lite that contain 1-5 percent phenocrysts of quartz, plagioclase,
sodic “sanidine, and biotite; distinction between domes and
eroded flow segments locally is difficult. )

Potassium-argon ages indicate that all the rhyolite of the
Mineral Mountains was erupted between 0.8 and 0.5 m.y. ago.
The rhyolite rests on dissected granite of the Mineral Moun-
tains pluton, the largest intrusion in Utah, which has yielded
published K-Ar ages of 9 and 15 m.y. A small older dissected
rhyolite dome, about 8 m.y. old, occurs just west of the range
front. Whether the young ages of the pluton represent time of
intrusion or of later reheating, they, in conjunction with the
Pleistocene rhyolite in the Mineral Mountains, do indicate a
major late Cenozoic thermal anomaly, the size and age of
which is significant to evaluation of the Roosevelt KGRA. The
rhyolite is also the only known source of implement-grade ob-
sidian in the southwest between eastern California and north-
ern New Mexico.

As part of the U.S. Geological Survey’s geothermal
energy program, age, composition, and distribution
data are being obtained for upper Cenozoic volcanoes
in the western United States that have erupted sig-
nificant amounts of silicic rocks. Such silicic rocks,
mostly rhyolites, are considered possible indicators of
the subsurface presence of shallow magma chambers
still sufficiently hot to have potential for geothermal
resources. A rationale for this approach is outlined by
Smith and Shaw (1975). _

Large volumes of rhyolite associated with known
geothermal resources have been described from Yel-
lowstone National Park (Allen and Day, 1935; Chris-
tiansen and Blank, 1972), in the Jemez Mountains
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in New Mexico (Smith, Bailey, and Ross, 1970), and
in the Long Valley area, California (Bailey, Dal-
rymple, and Lanphere, 1976). Around the margins of
the Colorado Plateau, small volumes of similar silicic
rocks that also seem worthy of reconnaissance evalua-
tion in terms of geothermal signifiance occur in the
San Francisco Mountains voleanic field, Arizona
(Robinson, 1913; Moore, Wolfe, and Ulrich, 1974), in
the Mount Taylor and Taos Plateau volcanic fields of
New Mexico (Hunt, 1938; Lambert, 1966), and in the
Mineral Mountains, Utah.

In the Mineral Mountains, southwestern Utah,
young rhyolite masses extend discontinuously for
about 15 km along the range crest and cover an area
of less than 25 km?; these have been little studied
and previously were interpreted as erosional remnants
of a single large silicic volecano of late Tertiary age
(Earll, 1957; Liese, 1957). This brief report presents
new geologic data, including K-Ar ages which demon-
strate that many separate lava domes, flows, and tuffs
were erupted from vents along the range crest be-
tween 0.8 and 0.5 m.y. ago. Along one of the western
range-front faults, about 2 km northwest of the near-
est rhyolitic volecanic rocks, Roosevelt Hot Springs is
located within a KGRA (Known Geothermal Re-
source Area) that is actively being developed for
geothermal power production. The youthful silicic vol-
canism recorded by the rhyolite of the Mineral Moun-
tains suggests the presence of a still-hot buried magma
chamber that may be the heat source for the KGRA.
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GENERAL GEOLOGIC SETTING

The Mineral Mountains, in west-central Utah (fig.
1), are a typical basin-range horst, which rises about
1 km above the adjacent alluviated basins, the Escal-
ante Desert to the west and an unnamed valley to the
east. The horst extends nearly 50 km in a northerly
direction and is in general about 10 km wide.

On the western and northern sides of the range,
metamorphic rocks of the Wildhorse Canyon Series of
Condie (1960), of probable Precambrian age, are the
dominant rocks, but on the southern, northern, and
eastern sides of the range, Paleozoic and Mesozoic
sedimentary rocks are exposed widely. These layered
rocks are intruded by a distinctive body of granite,
the Mineral Mountains pluton, which is the largest
single exposed intrusive body in Utah, covering near-
ly 250 km?. This granite and associated pegmatite
and aplite may be as young as late Miocene, having
yielded two K-Ar ages on feldspars of 15 and 9 m.y.
from different sample sites (Park, 1968; Armstrong,
1970). These young apparent ages are supported in a
general way by results of a Rb-Sr isotopic study. A
Rb-Sr isochron, based on 11 analyses of whole-rock
samples ranging in composition from diorite to aplite,
shows exceptionally bad scatter but suggests that the
age of the main batholith is about 35 m.y., with siz-

~able chemical modification—especially Sr loss—hav-
ing occurred 7-15 m.y. ago (C. E. Hedge, written
commun., 1976).

Prior to the onset of late Cenozoic rhyolitic vol-
canism in the Mineral Mountains, the Mineral Moun-
tains pluton and its country rocks were deeply dis-
sected to form a rugged erosional topography with
towering pinnacles rising above narrow usually dry
valleys.

The Mineral Mountains are bounded on the west,
and probably on the east side, by north-striking nor-
mal faults. The trend of the bounding faults on the
west is marked locally in the Roosevelt KGRA by
discontinuous elongate mounds of opaline sinter and
other hot-spring deposits. Near the northern end of
this trend is Roosevelt Hot Springs (Petersen, 1975).
Water temperatures as high as 90°C have been re-

corded from Roosevelt Hot. Springs, but sometime
prior to 1966 the springs dried up (Mundorff, 1970).
Phillips Petroleum Co., the successful bidder on the
KGRA in 1974, is continuing exploration on the prop-
erty. Numerous test wells so far drilled in the KGRA
have documented the presence of a low-salinity liquid-
dominated geothermal system (Berge, Crosby, and
Lenzer, 1976; Greider, 1976). The thermal anomaly
covers approximately 32 km?, and reservoir témpera—
tures exceed 250°C. '

RHYOLITE OF THE MINERAL MOUNTAlNS~

Rhyolitic rocks in the Mineral Mountains include
three stratigraphically distinct sequences. Lowermost
are two nearly nonporphyritic obsidian-rich lava
flows. These are overlain by a pyroclastic sequence,
including both ash-fall and ash-flow tuffs. Strati-
graphically highest are porphyritic rhyolite lava
domes erupted from at least nine separate vents, most
of which are along the range crest.

Flows of Bailey Ridge and Wildhorse Canyon

The oldest rhyolitic rocks in the Mineral Mountains
are two lava flows of virtually nonporphyritic flow-
layered rhyolite. One flow is exposed for about 3 km
along Bailey Ridge and in Negro Mag Wash (fig. 2)
northwest of Bearskin Mountain. The other is exposed
for about 3.5 km along Wildhorse Canyon, west of
Bearskin Mountain. Both flows were originally as
much as 100 m thick and followed pre-existing val-
leys that drained the western side of the Mineral
Mountains, with relief much like the present, and that
were graded nearly to the present levels at valley
fronts. Both flows are only slightly dissected, and
much of their primary upper surfaces of frothy
pumiceous perlitic rubble is preserved.

Where deeply dissected, both flows display similar
cooling and crystallization zonations. The basal few
meters of the flow, resting directly on medium- to
coarse-grained Tertiary granite of the Mineral Moun-
tains pluton, consists of dense black obsidian. The
obsidian has well-developed flow lamination defined
by alined microlites of feldspars and opaque oxides
(fig. 34). The basal obsidian zone grades upward
within a meter or two into a well-layered zone, in
which dark obsidian and light-gray or brown finely
crystallized flow-layered lava alternate. The interior
of the flow is as much as 10-30 m thick and consists
of gray relatively structureless devitrified rhyolite, in
places containing concentrations of ovoid gas cavities
locally filled with vapor-phase crystallization products.
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In upper parts of the flow a few meters of flow-layered
obsidian are interlayered with devitrified rock (fig.
3B), passing upward into a more uniform dark glass
zone or grading directly into a frothy rubbly breccia
of tan perlitic pumice as much as 10 m thick at the
top of the flow,

The flow layering and lamination in these rhyolitic
lavas is remarkably planar and uncontorted as com-
pared to the swirly internal structures typical of
many rhyolitic lava flows. The “ramp structures” that
occur commonly in upper parts of silicic lows (Chris-
tiansen and Lipman, 1966), are absent or poorly de-
veloped, and subhorizontal layering is typical through-
out the Bailey Ridge and Wildhorse Canyon flows.
The most common deviations from planar layering are
small, typlcally rootless recumbent folds (fig. 34),
most limbs of which are less than 1 m long. These
flowage features, as well as the relatively slight thick-
ness of each lava flow as compared to its longitudinal

extent, indicate that they were characterized by lower

emplacement viscosities than many silicic lava flows.
Vents for these oldest flows of the Mineral Moun-
tains have not been found. The Wildhorse Canyon flow

FicurRE 3.—Photographs of the Wildhorse Canyon flow. 4,
Photomicrograph showing recumbently folded flow lamina-
tion. Flow structures are defined by alined microlites. B,
Alternating layers of obsidian and devitrified rhyolite in
upper part of flow.

appears to extend up drainage beneath younger lava
domes in the upper part of the canyon, although ex-
posures of the critical relations are poor because of
cover by rubble. Probably the vent area for this flow
is beneath the younger lavas to the east. If the Bailey
Ridge flow vented from beneath its uppermost outcrop
area, surface structures of this part of the flow give
no indication of any concealed vent. This part of the
flow is little dissected, however, and the vent aréa
could be completely buried. Alternatively, the Bailey
Ridge flow, and also the Wildhorse Canyon flow,
might have come from higher on the slope, underneath
the area now covered by the Bearskin and Little Bear-
skin Mountain lava domes. However, this would re-
quire that the upper portions of the flows be largely
removed by erosion while the lower portions were left
relatively undissected.

The Bailey Ridge and Wildhorse Canyon flows are
petrographically similar. They contain less than 0.5
percent total phenocrysts, the majority of which are
alkali feldspar (table 1). There are trace amounts- of
oligoclase, biotite, titanomagnetite, and ilmenite. The
two flows are virtually identical in chemiecal composi-
tion (table 2). They are typical silicic rhyolites, con-
taining about 76.5 percent SiO, and just over 9 per-
cent total alkalis. The fresh obsidians contain more
fluorine than water; secondarily hydrated pumice
from the Bailey Ridge flow contains 2.4 percent total
H.O. The magmatic temperatures of these flows were
about 750°C, as determined from compositions of iron-
titanium oxides and coexisting plagioclase and alkali



TABLE 1.—Modal compositions of radiometrically dated samples

[Est., estimate ; tr., trace; leaders (__.), not present; *, micropbenocrysts]

Field No. Unit Ground- Plagio- K- Quartz Biotite Hoxn~ Clino- Opaques Points
mass clase feldspar blende pyroxene counted
751L-17 Bailey Ridge flow,
obsidian-——--———erem———— 99.9 - tr. tr. - - - - Est.
75L-15 Tuff of Ranch Canyon
obsidian block=~~==—==-~ 98.2 0.6 0.8 0.4 tr. - - ‘tr. 3,615
75L-16 South Twin Flat Mountain '
dome, obsidian with
patchy devitrification- 92.6 1.2 3.9 2.3 tr. -= - tr. 3,034
75L~56 Bearskin Mountain,
obsidian-=—=—w—m—=—~—e--= 97.2 .3 1.2 1.2 0.1 - - tr. 4,725
75R-53 Little Bearskin Mountain
dome, obsidian--—-=----- 96.0 .9 1.9 1.0 - - - 0.1 2,000
75L~18Aa Northern dome, frothy
perlite-—cemsemmenne——— 97.4 .4 1.3 .7 .1 - - .1 2,642
75L-19 Rhyolite of the Cudahy
mine, obsidian--------- 100 - - - ~~ -~ -- - Est.
75L-21 Black Rock desert
felsite plug--~-~=-=—===- 91.2 5.8 1.2 - tr. - 1.2 6 3,188
75L-23 Rhyolite of White
Mountain, obsidian----- 94 - - - - *6 -—- - Est.
'e_‘ . ~
L ] o o L [ [ ® e



TABLE 2.—Chemical analyses and CIPW norms of rhyolites of the Mineral Mountains

[Analyses by S. H. Evans, Jr., by standard wet chemical techniques.

Key to analyses;

74-3A, Obsidian, Bailey Ridge flow; 74-8, Obsidian, Wildhorse Canyon flow; 75-14,
Obsidian, Little Bearskin Mountain dome; 75-20, Basal Obsidian, North Twin Flat

Mountain dome.

Leaders (---) not present; tr., tracel

Chemical Analyses CIPW Norms
74-3A  74-8 75-14 75-20 74-3A  74-8 75-14 75-20
Si0)~==—m— 76.52 76.51 76.42 76.45 Q=== 33.40 33.28 33.22 32.48
Ti0,——=~——- .12 .12 .08 .08 Cmm————— -_— .26 41 .45
Al,03—=———- 12.29 12.29 12.79 12.79 Or—=—————= 30.96 31.20 27.89 27.95
Fe,03——=——- .31 .23 .20 .30 ab-—————- 32.15 31.90 37.40 37.15
FeQ-m==m==- .46 .51 .38 .29 an----——-- 1.00 1.02 -— -
MnO-—====-- .05 .05 .09 .10 di-wo—--- .37 47 —— -—
Mgl———————- .08 .08 11 .12 di-en——-- 11 .12 -— —-—
Caf0——=m———- .64 .65 A4 .40 di-fg———- .27 .38 -— ——
Na)O—====== 3.80 3.77 4.42 4.39 hy-en—-——- .09 .08 .27 .30
KyOmmm———— 5.24 5.28 4.72 4.73 hy-fs=——- .21 .26 .57 .34
P,0g—====—— .02 .01 tr. .06 mt———-——- <45 .33 .29 .43
H,0+ ——=——- .12 .06 .13 .10 il=—————- .23 .23 .15 .15
Ho0- —==——— .06 .06 .01 -— ap-—-——---- .05 .02 - .14
Fo—mmmmm .16 .15 A2 - W44 fr-—-————- .33 .29 .61 .45
Sum—------ 99.87 99.77 100.21 100.25 rest—-——-- .18 .12 .14 .10
Less F=0- .07 .06 .18 .19 Total—- 99.80 99.96 99.95 99.94
Total-——- 99.80 99.71 100.03 100.06

feldspar. The relatively low emplacement viscosities,
indicated by the planar flow structures of these rhyo-
lites, do not therefore seem related to exceptionally
high emplacement temperatures.

A single K-Ar radiometric age determination of
0.79+0.08 m.y. (table 3, no. 1), from the toe of the
Bailey Ridge flow, is the oldest age obtained from any
rhyolite of the Mineral Mountains. The Bailey Ridge
flow has a reversed paleomagnetic pole position (table
4) indicating, in conjunction with K-Ar data, that it
was erupted toward the end of the Matuyama polarity
epoch. The Wildhorse Canyon flow has not yet been
dated radiometrically, but it also is characterized by a
reversed polarity, which, in conjunction with morpho-
logical and chemical resemblance to the Bailey Ridge
flow and its position beneath some of the pyroclastic
rocks, suggests a similar age.

Pryoclastic rocks

South of Wildhorse Canyon, pyroclastic rocks of
ash-fall and ash-flow origin are the lowest exposed
rhyolitic rocks. The main area of pyroclastic rocks is
in Ranch Canyon, where tuffs bury rugged paleotopog-

raphy much like the present land surface.

The pyroclastic rocks are only weakly consolidated
and are mostly poorly exposed, underlying alluviated
slopes. All the pyroclastic deposits, both ash-fall and
and ash-flow, are white to light tan. They occur over
an altitude range from 1950 m in valley-bottom ex-
posures in Ranch Canyon to as high as 2540 m on the
surrounding slopes. They also occur in the Cove Fort
area, where they are overlain by basalt lava flows
(Nash and Smith, 1977). Much of the pyroclastic se-
quence has been removed by erosion in Ranch Canyon,
and it is not clear to what- extent this altitude range
reflects an actual total thickness of the original de-
posit and to what extent the pyroclastic rocks were
thinner but blanketed the preexisting topography. In
Ranch Canyon these rocks are overlain by the large
lava domes on North and South Twin Flat Mountains
and by smaller masses of rhyolitic lava on adjacent
ridges. Although contacts between these domes and the
pyroclastic rocks are nowhere well exposed, this strati-
graphic sequence is indicated by structural zones in
the rhyolite domes of North and South Twin Flat
Mountains. The lowest exposures are of a subhorizontal



TaBLe 3.—K-Ar age determinations on upper Cenozoic rhyolites of the Mineral Mountains, Utah, and adjacent areas

[Constants: K40% = 0.581 x 10_1°/yr{

A, = 4.563 x 10710/yr; atomic abundance: K40/K = 1.167 x 107%; *Radiogenic argon; Potassium

2
determinations nade with an Instrumené%cion Laboratories flame photometer with a Li internal standard. Figures 1 and give

sample locatioms.
H. H. Mehnert]

Ages of WM76-3 and MR76-26 determined by 5. H. Evans, .Jr., and F. H. Brown; other ages determined by

Location K,0 *Ar40 (10710) *Art0 Age
Sauple Field HNo. Unit Material dated (Lat N Long W) {percent) {moles/gram) (percent) (m.y.+20)
‘ ‘ . « 7940,
1 75L-17 Bailey Ridge flow--=---—- Obsidian----—-— 38‘;29 . 112249’ 5.10, 5.10 0.058 i; z; g ;318 gg
2 75L-15 Tuff of Ranch Canyon----  Obsidian block-- 38725, 112750 4.63, 4.66 .047 . 0.70+0.
3 75L-16 South Twin Flat 3
Mountain dome~-——=—==- Sanidine 33225', 112:49 8.14, 8.08 .059 18.1 g.?gzg.?g
4 75L-56 Bearskin Mountain dome--  Obsidian 38727°, 1127477 4.48, 4.49 .ggg %g.g 0'6610.12
5 75L-18A North Dome——————-——=m=== Sanidine---——-—- 38%317, 112°%7°  9.36, 9.35 ,073 - 24.5 0.54+0.06
%457 %517 ; . .3840.15
6 75L-19 Cudahy mine-——=========- Obsidian——-———~-- 38045 , 112051’ 4.91; 4.93 .168 222 § ;g:o 5
7 75L-21 South Twin Peak—=———=m=== Sanidine--——---—- 38045', 112047 11.13, 11.12 .373 . .43;b‘07
8 75L-23 White Mountain-—=—=-m--=- Obsidiag~—~~==== 387557, 11230  4.63, 4.70 .029 ;5? 8.39:0.02
WM76-3 Obsidian--===——- 5.23, 5.25 .030 1. -3940,
9 75R-23 Little Bearskin .
Mountain dome—-—————== Sanidine------—- 38%277, 11248 19.3;), 9.15 .080 31.8 0.61+0.05
9.2 .
10 MR76~26 Corral Canyon dome---—--- Biotite=——==---- 38024', 112953 .8.72, 8.75 1.011 61.6 7.90+0.30

lisotope dilution determination

TABLE 4.—Preliminary data on magnctic polaritics of rhyolitcs of the Mineral Mountaing

. Number of Declination Inclination Standard error
Unit
samples (percent)

Normal samples: _

Northern dome---———-———=—- 9 350 62 3

Big Cedar Cove dome-—-—-- 4 23 67 4

Ranch Canyon dome-———---- 5 22 44 5

Corral Canyon dome-~----—- . 3 332 25 20

Ranch Canyon ash---——-——- 2 356 46 29

Wildhorse Canyon ash--——- 6 349 48 5
Reversed samples:

Bailey Ridge flow-——-—-——-— 6 173 -63 6

Wildhorse Canyon flow---—- 4 168 -61 2

zone of basal flow breccia below the basal obsidian
zone; this is the typical zonation expectable at the
base of a lava flow or dome and would be an improb-
able relation if the pyroclastic rocks had been plastered
against older lava domes. Thus, the lava dome of South
Twin Flat Mountain overlies pyroclastic rocks that
are at least 60 m and probably as much as 180 m thick,
and these figures suggest minimum thicknesses of the
pyroclastic unit.

The lower pyroclastic rocks are beds of air-fall pum-
ice and ash at least 10 m thick and probably much
thicker. Individual beds are a few centimeters to about
a meter thick. Variable dips indicate that the ash was
deposited on the underlying granite, on a surface as
rugged as the present one. The pumice and ash contain
several percent of small phenocrysts of quartz, oligo-

clase, alkali feldspar, biotite, magnetite, ilmenite,
sphene, and allanite. This mineral assemblage is gen-
erally characteristic of the youngest rhyolite flows as
well. Associated with the pumice and ash are a few
percent of rhyolitic lithic debris, including devitrified
rhyolite, perlite, and sparse obsidian fragments.
Phenocrysts in the lithic debris are sparse, generally
similar to those in the flows of Bailey Ridge and Wild-
horse Canyon.

Ash-flow deposits widely overlie the ash-fall beds in
Ranch Canyon. The ash-flow deposits locally are at
least 50 m thick; probably the total thickness is much
greater, but accurate estimates are difficult because of
the poor exposures. The ash-flow deposits are every-
where nonwelded and only weakly consolidated; they
tend to weather to small conical hills. On especially



steep slopes the ash-flow deposits rest directly against
granite, with no intervening ash-fall material (fig.
4). In exceptionally good exposures, several flow units
—each a few meters thick—can be recognized in the
ash-flow deposits, with partings between the flow units
marked by local concentrations of pumice, lithic debris,
or better sorted ash.

FiGure 4.—Ash-flow tuff, resting on a rugged erosion surface
cut on granite of the Mineral Mountains pluton. Arrows in-
dicate faint parting between flow units of tuff. From northern
side of Ranch Canyon at about 2105-m elevation.

On the northern side of lower Wildhorse Canyon,
an isolated patch of pyroclastic material about 150 m
across consists of finely laminated white fine-grained
ash of lacustrine origin. These beds of water-reworked
ash are younger than the Wildhorse Canyon flow and
were deposited in a local basin dammed by the flow.
The ash has a refractive index similar to that of the
pyroclastic rocks in Ranch Canyon, one valley to the
south, suggesting to us that it represents a reworked
marginal facies of this deposit. In contrast, this patch
of lacustrine tuff is interpreted by Glenn Izett (writ-
ten commun., 1976) as airborne Bishop ash, from the
Long Valley caldera in California, on the basis of
small compositional differences with other rhyolites of
the Mineral Mountains.

A single whole-fock K-Ar age on an obsidian clast
from ash-flow tuff in Ranch Canyon yielded an age of
0.70£0.04 m.y. (table 3, no. 2), providing an older
limit for the age of the pyroclastic rocks. The pyro-
clastic deposits in Ranch Canyon, as well as the local
lake beds in Wildhorse Canyon. have normal mag-
netic polarities in contrast to the reverse polarities of
Bailey Ridge and Wildhorse Canyon flows. Thus, the
pyroclastic rocks have been deposited during the
Brunhes polarity epoch.

Porphyritic lava domes

The stratigraphically highest part of the upper Ceno-
zoic voleanic assemblage in the Mineral Mountains is
a group of at least nine separate perlite-mantled lava
domes and small flows of porphyritic rhyolite. The
domes tend to occur along the crest of the range, dis-
continuously over a zone about 15 km long. These
domes form some of the highest topographic points in
the Mineral Mountains, including Bearskin Mountain
with an elevation of 2772 m (9095 ft). Individual
domes are as much as 1 km across at their bases and
stand as much as 250 m high, although dimensions are
difficult to determine precisely because of the irregular
pre-existing topography and subsequent erosion. Small
stubby flows extend out from some of the domes, and
some small isolated patches of rhyolite (fig. 2) may
represent either eroded flow remnants or small sepa-
rate domes. " :

The larger domes, such as Bearskin and Little Bear-

skin Mountains, are little eroded, and surface ex-

posures consist largely of blocks of tan perlitic glass
that are slightly modified remnants of the original
brecciated frothy carapaces of the domes. Scattered
fragments of dense black obsidian, derived from
beneath the perlitic breccia, occur about a third of the
way above the base of these domes. Float of well-
layered devitrified rhyolite is exposed locally just
above the zone of obsidian fragments. Pumiceous ma-
terial, that in places ravels out from below the level
of the obsidian zone, may represent an initial pyro-
clastic fall that is not well éxposed.

Other domes, such as those of North and South Twin
Flat Mountains (fig. 5), have been more deeply dis-
sected, in this case by the reexcavation of Ranch Can-
yon, and their internal structural and crystallization
features are better exposed. The internal features of
all these late domes are in general similar. A basal |
black vitrophyric zone is everywhere well developed, in
places resting on lighter colored glassy basal flow brec-
cia. The vitrophyre zone, which is as much as 5-10 m
thick, grades upward into devitrified rock through a
transition zone a few meters thick in which flow-
layered obsidian alternates with devitrified rock that
is commonly highly spherulitic. The devitrified in-
teriors of the flows tend to be light gray and contain
conspicuous spherulites. In places, gas cavities several
centimeters across contain lithophysal fillings. The in-
teriors of the flows tend to be crudely flow layered,
with the layering subhorizontal just above the basal
glass zone, but becoming. steeper in upper parts of the
lava dome. Near-vertical riblike masses of flow-layered
devitrified rock are commonly exposed high on the



FieusrE 5.—Rhyolite domes of North and South Twin Flat Mountains. Rugged terrain

domes, where erosion has stripped away the surface
mantle of frothy perlite. The steeply dipping flow
layering and ramp structures of these domes thus are
in contrast to structures in the older lava flows of
Wildhorse Canyon and Bailey Ridge.

The porphyritic domes typically lack well-developed
central craters (for example, the South Twin Flat
Mountain dome) although several have slight eentral
depressions that have been breached and accentuated
by erosion. Breached depressions are especially evident
for the unnamed northern dome, which is on the range
crest northeast of Negro Mag Wash (fig. 2), Bear-
skin Mountain dome, and North Twin Flat Mountain
dome (fig. 5).

All the domes contain several percent phenocrysts
of quartz, oligoclase, alkali feldspar, biotite,-and iron-
titanium oxides (table 1). Trace amounts of sphene and
allanite occur in some domes. Hornblende, zircon, and
allanite are present in the Corral Canyon dome, the
southernmost exposure of rhyolitic volcanic rocks. The
North and South Twin Flat Mountain domes have
5-8 percent total phenocrysts, distinctly more than
any of the others. The obsidian zones of these two
domes appear even more phenocryst-rich, because of
the presence of small “snowflake” devitrification spots.
The flows in upper Wildhorse Canyon and to the north
contain only 2-3 percent total phenocrysts.

Two analyzed samples of the porphyritic domes
(table 2) are chemically similar silicic alkalic rhyolite.
In comparison with the older flows of Bailey Ridge
and Wildhorse Canyon, the domes are slightly but
significantly higher in Na,O and F; they are lower in
K.O and CaO.

Lack of continuity, and thus absence of contact re-

in distance, including Milford Needle
(elev. 2920 m) on the left side of the picture, is underlain by granite of the Mineral Mountains pluton. Photographed from
ridge between Ranch and Wildhorse Canyons.

lations, between the domes makes relative ages of the
domes difficult to determine. On the basis of amount
of dissection, North and South Twin Flat Mountains
may be among the oldest, and Bearskin Mountain
among the youngest of the domes. The K-Ar ages
(table 1), petrographic and chemical similarities, and
the generally similar degree of erosional dissection in-
dicate that the domes are about the same age. Strati-
graphic relations on the northern side of the North
Twin Flat Mountain dome suggest that this dome is
older than the unnamed ridge-capping flow 0.5 km
north of it (fig. 2). Bearskin Mountain and the three
domes extending southwest from it appear composi-
tionally homogeneous, consisting of phenocryst-poor
rhyolite similar to the rhyolite that overlies the North
Twin Flat Mountain dome. The Bearskin Mountain
dome has yielded K-Ar ages on obsidian of 0.60+0.12
and 0.75+0.10 m.y. (table 3, no. 4), and the Little
Bearskin Mountain dome has an indicated sanidine age
of 0.61£0.05 m.y. (table 3, no. 9). Sanidines from
obsidian of South Twin Flat Mountain and the un-
named northern dome have yielded K-Ar ages of 0.50
+0.07 and 0.54%0.06 m.y. respectively (table 3, nos.
3, 5). Magnetic-polarity determinations for several
domes of this group are normal (table 4) indicating,
in conjunction with the K-Ar ages, that they were
erupted during the Brunhes polarity epoch.

One small dome of mostly devitrified alkalic rhyo-
lite and minor vitrophyre in Corral Canyon, shown as
Trd in the lower left corner of figure 2, has been dated
at 7.90+0.30 m.y. (table 3, no. 10). These volcanic
rocks appear to be unrelated to the young rhyolites
higher in the Mineral Mountains; the rhyolite in
Corral Canyon is more eroded and contains a different



phenocryst assemblage than the other rhyolites. The
thermal event about 8 m.y. ago, as represented by these
lavas, may have been responsible for producing the
anomalously young ages of 14 and 9 m.y. measured
on the Mineral Mountains pluton.

DISCUSSION

The stratigraphic relations and K-Ar ages of rhyo-
lites of the Mineral Mountains, newly reported here,
indicate that these rocks were emplaced during a rela-
tively brief period in the Pleistocene, between about
0.8 and 0.5 m.y. ago, but an older rhyolitic event oc-
curred about 8 m.y. ago. The Mineral Mountains are
flanked on the northern and eastern sides by upper
Cenozoic basalt flows (Condie and Barsky, 1972;
Hoover, 1974), roughly contemporaneous with and
younger than the rhyolite of the Mineral Mountains,
and this association of rhyolite and basalt constitutes
a bimodal volcanic assemblage of a type that is being
recognized widely in the western United States in
upper Cenozoic volcanic sequences (Christiansen and
Lipman, 1972).

A significant question is whether the thermal
anomaly of the Roosevelt KGRA is due to proximity
to the late Cenozoic volcanic centers in the Mineral
Mountains. Roosevelt Hot Springs and other inactive
hot springs are located along the mountain-front fault
on the western side of the Mineral Mountains, about
2 km west of the nearest exposed rhyolite (fig. 2). The
size and shape of the Pleistocene magmatic system

underlying the Mineral Mountains cannot be deter-
mined with any precision from the surface distribu-
tion of rhyolite vents, yet the extent of the vents for
15 km along the crest of the range suggests the pos-
sibility of a sizable magmatic system at depth. The
elongate trend of rhyolite vents might even mark a
segment of a large evolving circular igneous structure,
such as interpreted for the Coso rhyolite domes in
California (Duffield, 1975). The rhyolites of the Min-
eral Mountains were extruded along the eroded core
of the large Mineral Mountains pluton, itself a late
Cenozoic intrusion of remarkably large size for so
young an age. Proximity in space and time suggests
that the rhyolite of the Mineral Mountains represents
a late stage in the evolution of a complex magmatic
system that earlier gave rise to the granite of the
Mineral Mountains. Alternatively, the rhyolite vol-
canism might have evolved independently of the
granite, but has been partly localized where the crust
was still hot from an earlier plutonic event. It seems
likely, though not provable, that this large complex
magmatic system has also been the heat source for the
Roosevelt KGRA, with the shallow thermal anomaly
enhanced along the range front by deep fault-con-
trolled convective circulation of hot water.

This interpretation of a complex shallow magmatic
system is supported by limited available rare-earth
element data (table 5), which indicate that the rhyo-
lite of the Mineral Mountains had a magmatic resi-
dence time in a shallow environment for a sufficiently
long time to undergo major low-pressure fractional

TABLE 5.—Rare-earth element analyses of rhyolites of the Mineral Mountains

[Analyses by J. S. Pallister and H. T.
a chemical concentration technique.

Millard by neutron activation, using
(See Zielinski and Lipman, 1976) ]

Bailey Ridge

Wildhorse Canyon

South Twin Flat Bearskin Mountain

flow flow "Mountain dome dome
(75L-17) (75L-60A) (75L~16) (75L-56)
La-=~=-- 43.5 44.3 24.9 25.0
Cer=m==- 95.6 94.3 51.5 44.2
Nd-==~-- 27.0 25.5 9.6 7.5
Sm-———-- 3.6 3.5 1.3 .90
Eu---—=-- .42 .40 .037 .035
Gd-~==—- 2.8 2.5 1.3 .88
Th—=—=~-~ .52 .49 .30 .20
Tm-———=— .38 .35 .47 .31
Yb-—==—m- 2.9 2.9 4.2 3.0
Lu-——----- .52 .49 .79 .57
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F1cure 6.—Chrondite-normalized rare-earth-ele-
ment plot for two rhyolites of the Mineral
Mountains (75L-16 and 751~17), showing
negative Eu anomalies.

crystallization involving removal of feldspar. Chond-
rite-normalized analyses of two whole-rock samples
show large negative Eu anomalies (fig. ), indicative
of major feldspar removal (Arth, 1976). This pattern
contrasts with that of some other voluminous Cenozoic
silicic rocks in the western United States (Zielinski
and Lipman, 1976; P. W. Lipman, unpub. data, 1976)
which show small or no Eu anomalies and appear to
have developed their silicic compositions by processes
not involving major feldspar fractionation, probably
because the environment of differentiation was at pres-
sures too high for feldspar to be stable.

Occurrences of upper Cenozoic alkalic rhyolite of
possible geothermal significance in southwestern Utah
are not restricted to the Mineral Mountains. We dated
obsidian “Apache tears” from an eroded rhyolite flow
at the Cudahy mine about 25 km north of the Mineral
Mountains (fig. 1), as 2.382-0.15 m.y. (table 3, no. 6).
A'large rhyolite plug (South Twin Peak) in the Black
Rock desert about 10 km east of the Cudahy mine
yielded a similar K-Ar age of 2.33+0.12 m.y. (table
3, no. 7). Marginal obsidian from a small body of
rhyolite at White Mountain, about 50 km northeast
of the Mineral Mountains (fig. 1), yielded ages of
0.43+0.07 and 0.39+0.02 m.y. (table 3, no. 8), the
youngest of any of our ages. The rhyolite at White
Mountain contains inclusions of a distinctive dated
basalt, indicating a maximum age for the dome of
about 1 m.y. (Hoover, 1974). This rhyolite occurs less
than 1 km from the nearest exposure of upper Pleisto-
cene basalt of the Tabernacle volcanic field estimated
to be 10 000-20 000 yr old (Hoover, 1974). Basalts of
the Ice Springs volcanic field, 3 km north of White
Mountain, are post-Lake Bonneville in age, that is,
less than 12000 yr old. These basaltic and rhyolitic
rocks together offer another example of a bimodal
basalt-rhyolite association in Utah. Thus, the potential
for volcanic-related thermal anomalies in southwestern
Utah is not confined to the Mineral Mountains. In
fact, White Mountain is about 7 km north of Meadow
and Hatton hot springs (Mundorff, 1970).

Another intriguing aspect of the rhyolites in the
Mineral Mountains is their significance as a source of
artifact obsidian. Implement-grade obsidian is rela-
tively scarce in the southwestern United States, yet
obsidian artifacts occur widely in archeological sites.
Well-known sources of archeological obsidian include
the Jemez Mountains in New Mexico, Coso Mountains
and Long Valley areas in east-central California,
Medicine Lake Highlands and associated rhyolitic
centers in northeastern California, Newberry volcano
and numerous small areas of rhyolite in eastern
Oregon, and Yellowstone rhyolite plateau in Wyoming
(fig. 7). The little known Mineral Mountains locality
is in a region where high-quality obsidian is scarce,
nearly equidistant from better known sources, yet it
contains abundant obsidian suitable for implement
manufacture. Individual blocks of nonporphyritic
obsidian from the Bailey Ridge and Wildhorse Canyon
flows are as much as 0.5 m across. Obsidian from the
Mineral Mountains has recently been recognized in °
several archeological sites in southwestern Utah and
adjacent parts of Nevada (Umshler, 1975), but how
widely it has been distributed has yet to be established.
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Available compositional data indicate that obsidian
artifacts derived from the Mineral Mountains should

be distinguishable, especially by minor-element com-
positions, from those of most of the better known
obsidian sites. ‘
Fission-track age dating, by G. A. Izett and C. W.
Naeser, and obsidian-hydration age dating, by Irving
Friedman, were conducted—independently of our
study—on selected samples of rhyolite from the Min-
eral Mountains. The ages determined by these two
other techniques provide a cross-check on the ages
presented above that were determined by the K-Ar
isotope method. Comparisons of the results of the three

techniques are presented separately, in the sections that
N s

FISSION-TRACK DATING
By G. A. Izett and C. W. Naeser

Fission-track age determinations were made on sam-
ples of obsidian from the Bailey Ridge flow and the
Bearskin Mountain dome. The fission-track age of
the Bailey Ridge obsidian is in fair agreement with
the K-Ar age of the obsidian, but the fission-track age
of the Bearskin Mountain obsidian is anomalously
younger than the K-Ar age. Th sample we dated of
the Bearskin Mountain obsidian contains no fossil fis-
sion tracks; however, the age can be estimated by as-
suming the presence of one fossil track as shown in the
table below. The anomalously young fission-track age
of the Bearskin Mountain obsidian probably is due

to the annealing of fossil tracks from a recent thermal
PROSSUNYEEE 4 A AU COWNLIII ey U [ PONL T PR N b e



Fission-track analytical data
[Fission tracks etched for about 10 seconds in 48 percent hydrofluoric acid;

+ 1 sigma about the mean,

Af =6.85 x 10™17yr1]

¢ ' ps Pi Fission track K-Ar glass
Locality (neutrons cm™2) (tracks cm~2) (tracks cm™?) glass age x age x 10%
106 years years!
Bearskin Mountain dome 8.72 x 10" <3.37 x 101(1) 1.25 x 10%(309) <0.02 0.75 + 0.1
. 0.60 = 0.12
Bailey Ridge flow 0.5 x 10l% 7.89 x 102(3) 4.40 x 10%(213) 0.55 + 0.30 0.79 + 0.08

lsee table 3.

OBSIDIAN-HYDRATION DATING
By Irving Friedman

Four rhyolite lava flows or domes from the Mineral
Mountains, Utah, were dated by the obsidian-hydra-
tion technique. Most of the results agree with K-Ar
and fission-track dates of the same flows.

Obsidian-hydration dating depends upon the fact
that a newly formed surface on obsidian, such as a
cooling crack, adsorbs water from the atmosphere.
This adsorbed water slowly diffuses into the obsidian,
and the depth of penetration of the water can be mea-
sured under the microscope in a thin section cut nor-
mal to the surface (Friedman and Smith, 1960). The
rate at which the water diffuses into the obsidian is
dependent upon temperature and glass composition
(Friedman and Long, 1976).

The thickness of the hydrated layer (in micro-
meters) for the rhyolite units is tabulated below. Also
listed is the expected rate of hydration (in xm2/10%
yr) for each flow, calculated for an estimated effective
hydration temperature of 8°C and from the chemical

composition of the obsidian. (See Friedman and Long,
1976.) The calculated obsidian-hydration age is also
given, as is the K-Ar age.

Although the effective hydration temperature is as-
sumed to be the same for all the flows sampled, the
differing whole-rock chemistry of the obsidian gives
different calculated hydration rates. Compositions of
two of the obsidians are from table 2 in this paper;
the analysis of the Bearskin Mountain dome is from
S. H. Evans (written commun., 1976). No analysis is
available for the South Twin Flat Mountain dome. An
analysis for the North Twin Flat Mountains (table 2)
was used instead ; the hydration rate and calculated age
are accordingly uncertain.

The calculated hydration rates vary by a factor of
2.5, owing mainly to differences in the amount of
CaO+MgO. The chemical analyses were on whole-.
rock samples, but the hydration-rate calculation should
be based on glass compositions. The Wildhorse Canyon
and the Bailey Ridge glasses are almost free of pheno-
crysts, but the Bearskin Mountain and particularly the

Thickness of Chemical Calculated Calculated Corrected K/Ar
Rhyolite hydration index hydration age age age
pm (£ 1 um) rate 10° yrs
um2/103 yrs
Wildhorse Canyon
flow--————- ————— 41 42.5 2 0.85 0.85 H
Bailey Ridge
flow—=—vceuec—o 40 41.7 2 .80 .80 0.79
Bearskin Mountain .75
dome--—=——————~— 31 47.4 4 .24 .48 .60
South Twin Flat
Mountain dome--- 22 51.1(?) 5(?) .10(?) .25 .50

INo determination



South Twin Flat Mountain glasses are porphyritic.
Obsidian from Wildhorse Canyon, Bailey Ridge, and
South Twin Flat Mountain all have refractive indices
of 1.4847+0.0005, whereas Bearskin Mountain dome
has a slightly higher index, 1.4856+0.0005. The simi-
larity in index of all four glasses makes any assump-
tion of greatly differing hydration rates for these
samples unrealistic. If we assume that the chemical
compositions of the glass phase of all four samples
are similar, then the hydration rates also will be simi-
lar and the dates shown in the column “Corrected age”
should apply.

The corrected ages agree with the K-Ar dates, except
for the date for the South Twin Flat Mountain dome,
where the hydration date is about half that derived by
K-Ar dating. The reasons for this discrepancy are not
known, but we may not have sampled sufficiently to
find an original surface on the samples from this site.
Alternatively, the discrepancy may be due to some in-
herited argon in the sanidine used for K-Ar dating.
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'PLEISTOCENE RHYOLITE OF THE MINERAL MOUNTAINS, UTAH-

GEOTHERMAL AND ARCHEOLOGICAL SIGNIFICANCE

By P. W. LIPMAN; P. D. ROWLEY, H. H. MEHNERT;
S. H. EVANS, Jr., W. P. NASH, and F. H. BROWN;!
Hawaiiah Volcano Observatory, Hawaii; Denver, Colo.; and Salt Lake City, Utah
With sections by G. A. IZETT and C. W. NAESER
and by IRVING FRIEDMAN, Denver, Colo.

Abstract.—Little-eroded rhyolitic tuffs, flows, and domes ex-
tend over about 25 km® along the western side of the Mineral
Mountains, sout{xwestern Utah, which is along the eastern
edge of the Roosevelt KGRA (Known Geothermal Resource
Area). Initial eruptions resulted in two low-viscosity lava flows
of nénporphyritic rhyolite. These were followed by bedded pum-

ice "falls and nonwelded ash flows. The youngest activity pro- .

duced at least nine viscous domes and small lava flows of rhyo-
lite that contain 1-5 percent phenocrysts of quartz, plagioclase,
sodic sanidine, and biotite; distinction between domes and
eroded flow segments locally is difficult.

Potassium- -argon ages indicate that all the rhyohte of the
Mineral Mountains was erupted between 0.8 and 0.5 m.y. ago.
The rhyolite rests on dissected granite of the Mineral Moun-
tains pluton, the largest intrusion in Utah, which has yielded
published K-Ar ages of 9 and 15 m.y. A small older dissected

rhyolite dome, about 8 m.y. old, occurs just west of the range -
front. Whether the young ages of the pluton represent time of

intfusion or of later reheating, they, in conjunction’ with the
Pleistocene rhyolite in the Mineral Mountains, do indicate a
major late Cenozoic thermal anomaly, the size and age of
which is significant to evaluation of the Roosevelt KGRA. The
rhyohte is also the only known source of implement-grade ob-
s.ndian in the southwest between eastern California and north-
ern<New Mexico.

As part of the U.S. Geological Survey’s geothermal
energy program, age, composition, and distribution
data are being obtained for upper Cenozoic volcanoes
in the western United States that have erupted sig-
nificant amounts of silicic rocks. Such silicic rocks,
mostly rhyolites,.are considered possible indicators of
the subsurface presence of shallow magma chambers
still sufficiently hot to have potential for geothermal
resources. A rationale for this approach is outlined by
Smith and Shaw (1975).

Large volumes of rhyolite associated with known
geothermal resources have been described from Yel-
lowstone National Park (Allen and. Day, 1935; Chris-
tiansen and Blank, 1972), in the Jemez Mountains
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in New Mexico (Smith, Bailey, and Ross, 1970), and
in the Long Valley area, California (Bailey, Dal-
rymple, and Lanphere, 1976). Around the margins of
the Colorado Plateau, small volumes of siiilar silicic
rocks that also seem worthy of reconnaissance evalua-
tion in terms of geothermal signifiance occur in the
San Francisco Mountains volcanic field, Arizona
(Robinson, 1913; Moore, Wolfe, and Ulrich, 1974), in
the Mount Taylor and Taos Plateau voleanic fields of
New Mexico (Hunt, 1938; Lambert, 1966), and in the

‘Mineral Mountains, Utah.

In the Mineral Mountains, southwestern Utah,
young rhyolite masses extend discontinuously for
about 15 km along. the range crest and cover an area
of less than 25 km?; these have been little studied
and previously were interpreted as erosional remnants
of a single large silicic volcano of late Tertiary age
(Earlly 1957 ; Liese, 1957). This brief report presents
new geologic data, including K-Ar ages which demon-
strate that many separate lava domes, flows, and tuffs-
were erupted from vents along the range crest be-
tween 0.8 and 0.5 m.y. ago. Along one of the western
range-front faults, about 2 km northwest of the near-
est rhyolitic voleanic rocks, Roosevelt Hot Springs is
located * within~a KGRA (Known Geothermal Re-
source Area) that is actively being developed for
geothermal power production. The youthful silicic vol-
canism-recorded by the rhyolite of the Mineral Moun-
tains suggests the presence of a still-hot buried magma
chamber that may be the heat source for the KGRA.
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ideas on the rhyolite of the Mineral Mountains. We
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133



Ar dating and microprobe analyses, respectivery. e
also thank Gary L. Galyardt for information on the
Roosevelt KGRA.

Research by authors from the University of Utah
‘'was supported by National Science Foundation Grant
GI-43741 and U.S. Energy Research and Develop-

ment Administration Contract ne. EY-76-S-07-1601.

GENERAL GEOLOGIC SETTING

The Mineral Mountains, in west-central Utah (fig.
1), are a typical basin-range horst, which rises about
1 km above the adjacent alluviated basins, the Escal-
ante Desert to the west and an unnamed valley to the
east. The horst extends nearly 50 km in a northerly
direction and is in general about 10 km wide.

On the western and northern sides of the range,
metamorphic rocks of the Wildhorse Canyon Serles of
Condie (1960), of probable Precambrian age, are’the
dominant rocks, but on the southern, northern, and
eastern sides of the range, Paleozoic and Mesozoic
sedimentary rocks are exposed widely. These layered
-rocks are intruded by a distinctive body of granite,
the Mineral Mountains pluton, which is the largest
single exposed intrusive body in Utah, covering near-
ly 250 km?. This granite and associated pegmatite
and aplite may be as young as late Miocene, having
yielded two K-Ar ages on feldspars of 15 and 9 m.y.
from different sample sites (Park, 1968; Armstrong,
1970). These young apparent ages are supported in a
general way by results of a Rb-Sr isotopic study. A
Rb-Sr isochron, based on 11 analyses of whole-rock
samples ranging in composition from diorite to aplite,
shows exceptionally bad scatter but suggests that the
age of the main batholith is about 35 m.y., with siz-
able chemical modification—especially Sr loss—hav-
ing occurred 7-15 m.y. ago (C. E. Hedge, written
commun., 1976).

Prior to the onset of late Cenozoic rhyolitic vol-
canism in the Mineral Mountains, the Mineral Moun-
tains pluton and its country rocks were deeply dis-
sected to form a rugged erosional topography with
towering pinnacles rising above narrow usually dry
valleys.

The Mineral Mountains are bounded on the west,
and probably on the east side, by north-striking nor-
mal faults. The trend of the bounding faults on the
west is marked locally in the Roosevelt KGRA by
discontinuous elongate mounds of opaline sinter and
other hot-spring deposits. Near the northern end of
this trend is Roosevelt Hot Springs (Petersen, 1975).
Water temperatures as high as 90°C have been re-
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Phillips Petroleum Co., the successful bldder on the
KGRA in 1974, is continuing exploration on the prop-
erty. Numerous test wells so far drilled in the KGRA
have documented the presence of a low-salinity liquid-
dominated geothermal system (Berge, Crosby, and
Lenzer, 1976; Greider, 1976). The thermal anomaly
covers approximately 32 km?, and reservoir tempera-
tures exceed 250°C.

RHYOLITE OF THE MINERAL MOUNTAINS

Rhyolitic rocks in the Mineral Mountains include
three stratigraphically distinct sequences. Lowermost
are two nearly nonporphyritic obsidian-rich lava
flows. These are overlain by a pyroclastic sequence,
including both ash-fall and ash-flow tuffs. Strati-
graphically highest are porphyritic rhyolite lava
domes erupted from at least nine separate vents, most
of which are along the range crest.

Flows of Bailey Ridge and Wildhorse Canyon

The oldest rhyolitic.rocks in the Mineral Mountains -
are two lava flows of virtually nonporphyritic flow-
layered rhyolite. One flow is exposed for about 3 km
along Bailey Ridge and in Negro.Mag Wash (fig. 2)
northwest: of Bearskin Mountain. The other is exposed
for about 3.5 km along Wildhorse Canyon, west of
Bearskin Mountain. ‘Both flows were originally as
much as 100 m thick and followed pre-existing val-
leys that drained the western side of the Mineral
Mountains, with relief much like the present, and that
were graded nearly to the present levels at valley
fronts. Both flows are only slightly dissected, and
much of their primary upper surfaces of frothy
pumiceous perlitic rubble is preserved.

. Where deeply dissected, both flows display similar
cooling and crystallization zonations. The basal few
meters of the flow, resting directly on medium- to
coarse-grained Tertiary granite of the Mineral Moun-
tains pluton, consists of dense black obsidian. The
obsidian has well-developed flow lamination defined
by alined microlites of feldspars and opaque oxides
(fig. 34). The basal obsidian zone grades upward
within a meter or two into a well-layered zone, in
which dark obsidian and light-gray or brown finely
crystallized flow-layered lava alternate. The interior
of the flow is as much as 10-30 m thick and consists
of gray relatively structureless devitrified rhyolite, in
places containing concentrations of ovoid gas cavities
locally filled with vapor-phase crystallization products.
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In upper parts of the flow a few meters of flow-layered
obsidian are interlayered with devitrified rock (fig.
3B), passing upward into a more uniform dark glass
zone.or grading directly into a frothy rubbly breccia
of tan perlitic pumice as much as 10 m thick at the
top of the flow. -
The flow layering and lamination in these rhyolitic
lavas is remarkably planar and uncontorted as com-
pared to the swirly internal structures typical of
many rhyolitic lava flows. The “ramp structures” that
occur commonly in upper parts of silicic-flows (Chris-
tiansen and Lipman, 1966), are absent or poorly de-
veloped, and subhorizontal layering is typical through-
out the Bailey Ridge and Wildhorse Canyon flows.
The most common deviations from planar layering are
small, typically rootless recumbent folds (fig. 34),
most limbs of which are less than 1 m long. These
flowage features, as well as the relatively slight thick-
ness of each lava flow as compared to its longitudinal
extent, indicate that they were characterized by lower
emplacement viscosities than many silicic lava flows.
Vents for these oldest flows of the Mineral Moun-
tains have not been found. The Wildhorse Canyon flow

Ficure 3.—Photographs of the Wildhorse Canyon flow. A4,
Photomicrograph showing recumbently folded flow lamina-
tion. Flow structures are defined by alined microlites. B,
Alternating layers of obsidian -and devitrified rhyolite in
upper part of flow. N

appears to extend up drainage beneath younger lava
domes in the upper part of the canyon, although ex-
posures of the critical relations are poor because of
cover by rubble. Probably the vent area for this flow
is beneath the younger lavas to the east. If the Bailey
Ridge flow vented from beneath its uppermost outcrop
area, surface structures of this part of the flowrgive
no indication of any concealed vent. This part of the |
flow is little dissected, however, and the vent area i%
could be completely buried. Alternatively, the Bailey
Ridge flow, and also the Wildhorse Canyon®flow,
might have come from higher on the slope, underneath
the area now covered by the Bearskin and Little Bear-
skin Mountain lava domes. However, this would re-
quire that the upper portions of the flows be largely

-removed by erosion while the lower portions were left

relatively undissected.

The Bailey Ridge and Wlldhorse Canyon flows are
petrographically - similar. They contain less than 0.5
percent total phenocrysts, the majority of which are
alkali feldspar (table 1). There are trace amounts of
oligoclase, biotite, titanomagnetite, and ilmenite. The
two flows are virtually identical in chemical composi-
tion (table 2). They are typical silicic rhyolites, con-
taining about 76.5 percent SiO, and just over 9 per-
cent total alkalis. The fresh obsidians contain more
fluorine than water; secondarily hydrated pumice
from the Bailey Ridge flow contains 2.4 percent total
H.O. The magmatic temperatures of these flows were
about 750°C, as determined from compositions of iron-
titanium oxides and coexisting plagioclase and alkali




TABLE 1.—Modal compositions of radiometrically dated samples

[Bst., estimate ; tr., trace; leaders (-.), not present; *, microphenocrysts]

Unit

Horn-

Field No, Ground- Plagio- K- Quartz Biotite Clino- Opaques Point
mass clase feldspar blende pyroxene counte
75L-17 Bailey Ridge flow,
obsidian - 99 .9 - tr. tr. - - - -— Est.
75L-15 Tuff of Ranch Canyon
obsidian block-==-==~=-= 98.2 0.6 0.8 0.4 ° tr. - - tr. 3,615
75L~-16 South Twin Flat Mountain 5
dome, obsidian with
patchy devitrification- 92.6 1.2 3.9 2.3 tr. - -- tr. 3,034
75L-56 Bearskin Mountain,
obsidian--=----a-aac-am- 97.2 3 1.2 1.2 0.1 -- -- tr. 4,72¢
75R-53 Little Bearskin Mountain
dome, obsidian--«—ce-- 96.0 9 1.9 1.0 - - -— 0.1 2,000
75L-18A Northern dome, frothy
perlite--———coccccncauan 97.4 .4 1.3 .7 .1 - - .1 2,642
75L-19 Rhyolite bf the Cudahy ’
mine, obsidian-----===- 100 - - -- - -- - - Est.
75L-21 Black Rock desert
. felsite plug-~~-=s===== . 9.2, 5.8 1.2 - tr - 1.2 .6 3,188
75L-23 Rhyolite of White
' Mountain, obsidian-~=-- 94 - - - - *6 - - Est.




74-3A, Obsidian, Bailey Ridge flow; 74-8, Obsidian, Wildhorse Canyon flow;

75-14,

Obsidian, Little Bearskin Mountain dome; 75-20, Basal Obsidian, North Twin Flat

Mountain dome.

Leaders (---) not present; tr., trace]

Chemical Apalyses CIPW Norms

74-3A 74-8 75-14 75-20 74-3A 74-8 75-14 75-20
Si0g——————~ 76.52 76.51 76.42 76.45 Q- 33.40 33.28 33.22 32.48
Ti0,=—=~—=~ .12 .12 .08 .08 L -— .26 .41 .45
Al,03—————— 12.29 12.29° 12.79 12.79 Or——————— 30.96 31.20 27.89 27.95
Fe,03-————- .31 .23 .20 .30 ab-————-- 32.15 31.90 37.40 37.15
FeQ-——=———- - .46 .51 .38 .29 an-————--— 1.00 - 1.02  -—- -—
MnQ—-—————-~ .05 .05 .09 .10 di-wo-—-—- .37 <47 - —-—
MgQ—-=—=~—==m .08 .08 <11 .12 .. di-en---- .11 A2 ——- -—
CaQ--—-——-—- .64 .65 44 +40 di-fg~——- .27 .38 - -
Na,0=-————-~ 3.80 3.77  4.42  4.39 hy-en———- .09 .08 .27 .30
KoQ———==——- 5.24 5.28 4.72 4.73 hy-fs—===- .21 .26 .57 .34
Pp0g——————- .02 .01 tr. .06 Mt === .45 .33 <29 <43
Hy0+ —=———- .12 .06 .13 .10 1le—memee .23 .23 .15 .15
Hy0- ——=——- .06 .06 ) R . ap——————= .05 .02 - .14
F———————— .16 .15 42 - 44 fre————— .33 .29 .61 45
: Sum-————-{ 99.87 " 99.77 100.21 100.25 rest————-— .18 .12 .14 .10
" Less F=0- .07 .06 .18 - .19 Total-— 99.80 99.96 99.95 99.94

Total-—-- 99.80 99.71 100.03 100.06

feldspar. The relatively. low emplacement viscosities,
indicated by the planar flow structures of these rhyo-
htes, do not therefore seem related to exceptionally
hlgh emplacement temperatures.

0.79+0.08 m.y. (table 3, no. 1), from the toe of the
Balley Ridge flow, is the oldest age obtained from any
rhyohte of the Mineral Mountains. The Bailey Ridge
flow has a reversed paleomagnetic pole position (table
4) indicating, in conjunction with K-Ar data, that it
was erupted toward the end of the Matuyama polarity
epoch. The Wildhorse Canyon flow has not yet been
dated radiometrically, but it also is characterized by a
reversed polarity, which, in conjunction with morpho-
logical and chemical resemblance to the Bailey Ridge
flow and its position beneath some of the pyroclastic
rocks, suggests a similar age.

Pryoclastic rocks

South of Wildhorse Canyon, pyroclastic rocks of
ash-fall and ash-flow origin are the lowest exposed
rhyolitic rocks. The main area of pyroclastic rocks is

in Ranch Canyon, where tuffs bury rugged paleotopog-

raphy much like the present land surface.

The pyroclastic rocks are only weakly consolidated
and are mostly poorly exposed, underlying alluviated
slopes. All the pyroclastic deposits, both ash-fall and
and ash-flow, are white to light tan. They.occur over
an altitude range from 1950 m-in valley-bottom ex-
posures in Ranch Canyon to as high as 2540 m on the
surrounding slopes. They also occur in the Cove Fort
area, where they are overlain by basalt lava flows
(Nash and Smith, 1977). Much of the pyroclastic se-
quence has been removed by erosion in Ranch Canyon,
and it is not clear to’ what extent this altitude range
reflects- an actual total thickness of the original de-
posit and to what extent the pyroclastic rocks were
thinner but blanketed the preexisting topography. In
Ranch Canyon these rocks are overlain by the large
lava domes on North and South Twin Flat Mountains
and by smaller masses of rhyolitic lava on adjacent
ridges. Although contacts between these domes and the
pyroclastic rocks are nowhere well exposed, this strati-
graphic sequence is indicated by structural zones in
the rhyolite domes of North and South Twin Flat
Mountains. The lowest exposures are of a subhorizontal



[Constants: K40)

determinations ‘nade with an Instrumen

= 0.581 x 10710 /yr, 2

= 4.963 x 10710 /yr; atomic abundance:
é%tion Laboratories flame photometer with a Li internal standard.

sample locarions. Ages of WM76-3 and MR76-26 determined by S. H. Evans,.Jr., and F. H. Brown; other ages determined by

K40/K = 1.167 x 10™%; *Radiogenic argon; Potassium
Figures 1 and 2 give

~
H. H. Mehnert])
Location K,0 *Ar40 (10710) *Ar40 Age
Semple Field No. Unie Material dated (Lat N Long W) (percent) (moles/gram) (percent) (m.y.+20)
1 75L-17 Bailey Ridge flow—---=--- Obsidian--——=---= 38:29'. 11221.9' 5.10, 5.10 0.058 25.8 0.79+0.08
2 75L-15 Tuff of Ranch Canyon---- Obsidian block-- 38°25", 112°50°  4.63, 4.66 .047 47.1 0.7040.04
3 75L-16 South Twin Flat
Mountain dome~-————= -  Sanidine-—---—-- 38225', 112249' 8.14, 8.08 .059 18.1 g.;%.%
- kin Mountain dome-- Obsidian-----—- —  38%27°, 112°47°  4.48, 4.49 .048 20.2 .7540.
4 75L-56 Bearskin Mountain dome ] . N "o 20.2 0n 60012
5 75L-18A  North Dome----~=====w- —-  Sanidine-—————-- 38°31°, 112%7° 9.36, 9.35 .073 24.5 0.5440.06
9457 %51~ ; 46.0 °~ 2.38+40.15
6 75L-19 Cudahy mine Obsidian-—====— 387457, 112751 4.91; 4.93 .168 ! -+
7 75L-21 South Twin Peak-—- Sanidine----—--—  38%45, 112%47° 11.13, 11.12 .373 54.3 2.33+0.12
8 75L-23 White Mountain-—--————-- Obsidian--—--—-—— 38°55°, 112°30° 4.63, 4.70 .029 15.9 0. 43+0.07
WM76~3 - Obsidian—~w—-——m 5.23, 5.25 .030 21.5 0.39+0.02
9 75R-23 Little Bearskin ) .
Mountain dome=————=--=-. Sanidine--—-—= - 38°27°, 1129%8° 3L 9.15 .080 31.8 0.6140.05
9.26
10 MR76~26  Corral Canyon dome--=—=- Biotite---—--———  38°24°, 112°53° .8.72, 8.75 1.011 61.6 7.90+0.30

ligotope dilution determination

>

.‘TABLE 4.—Preliminary data on magnetic polaritics of rhyolites of the Mineral Mountaing

Number 'of

Uni Declination Inclination Standard error
nit .
samples (percent)
Normal samples: ' '
Northern dome—------—-—-—- 9 350 62 3
Big Cedar Cove dome----—— 4 23 67 4
Ranch Canyon dome--——--—- 5 22 44 5
Corral Canyon dome--~—-—- 3 332 25 20
Ranch Canyon ash-—---————- 2 356 46 29
Wildhorse Canyon ash----- 6 349 48 5
Reversed samples:
Bailey Ridge flow——--—-—- 6 173 -63 6
Wildhorse Canyon flow-——- 4 168 -61 : 2

zone of basal flow breccia below the basal obsidian
zone; this is the typical zonation expectable at the

base of a lava flow or dome and would be an improb--

able relation if the pyroclastic rocks had been plastered
against older lava domes. Thus, the lava dome of South
Twin Flat Mountain overlies pyroclastic rocks that
are at least 60 m and probably as much as 180 m thick,
and these figures suggest minimum thicknesses of the
pyroclastic unit.

The lower pyroclastic rocks are beds of air-fall pum-
ice and ash at least 10 m thick and probably much
thicker. Individual beds are a few centimeters to about
a meter thick. Variable dips indicate that the ash was
deposited on the underlying granite, on a surface as
rugged as the present one. The pumice and ash contain
several percent of small phenocrysts of quartz, oligo-

~

clase, alkali feldspar, biotite, magnetite, ilmenite,
sphene, and allanite. This mineral assemblage is gen-
erally characteristic of the youngest rhyolite flows as
well. Associated with the pumice and ash are a few
percent of rhyolitic lithic debris, including devitrified
rhyolite, perlite, and, K sparse obsidian fragments.
Phenocrysts in the lithic debris are sparse, generally
similar to those in the flows of Bailey Ridge and Wild-
horse Canyon.

Ash-flow deposits widely overlie the ash-fall beds in
Ranch Canyon. The ash-flow deposits locally are at
least 50 m thick; probably the total thickness is much

. greater, but accurate estimates are difficult because of

the poor exposures. The ash-flow deposits are every-
where nonwelded and only weakly consolidated; they
tend to weather to small conical hills. On especially



4). In exceptionally good exposures, several flow units
—each a few meters thick—can be recognized in the
ash-flow deposits, with partings between the flow units
marked by local concentrations of pumice, lithic debris,
or better sorted ash. -

FIGURE 4.—Ash-flow tuff,’ resting on a rugged erosion surface
Jeut on granite of the Mineral Mountains pluton. Arrows in-
ydicate faint parting between flow units of tuff. From northern
side of Ranch Canyon at about 2105-m elevation.

On the northern side of Iower Wildhorse Canyon,
an isolated patch of pyroclastic material about 150 m
across consists of ﬁnely laminated white fine-grained
ash of lacustrine origin. These beds of water-reworked
ash are younger than the Wildhorse Canyon flow and
were deposited in a local basin dammed by the flow.
. The ash has a refractive index similar to that of the
pyroclastic rocks in Ranch Canyon, one valley to the
south, suggesting to us that it represents a reworked
marginal facies of this deposit. In contrast, this patch
of lacustrine tuff is interpreted by Glenn Izett (writ-
ten commun., 1976).as airborne Bishop ash, from the
Long Valley caldera in California, on the basis of
small compositional differences with other rhyolites of
the Mineral Mountains.

A single whole-rock K-Ar age on an obsidian clast

from ash-flow tuff in Ranch Canyon yielded an age of
0.70£0.04 m.y. (table 3, no. 2), providing an older
limit for the age of the pyroclastic rocks. The pyro-
clastic deposits in Ranch Canyon, as well as the local
lake beds in Wildhorse Canyon. have normal mag-
netic polarities in contrast to the reverse polarities of
Bailey Ridge and Wildhorse Canyon flows. Thus, the
pyroclastic’ rocks have been deposited during the
Brunhes polarity epoch.
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zoic volcanic assemblage in the Mineral Mountains is
a group of at least nine separate perlite-mantled lava
domes and small flows of porphyritic rhyolite. The

- domes tend to occur along the crest of the range, dis-

continuously over a zone about 15 km long. These
domes form some of the highest topographic points in
the Mineral Mountains, including Bearskin Mountain
with an elevation of 2772 m (9095 ft). Individual

.domes are as much as 1 km across at their bases and

stand as much as 250 m high, although dimensions are
difficult to determine precisely because of the irregular
pre-existing topography and subsequent erosion. Small
stubby flows extend out from some of the domes, and
some small isolated patches of rhyolite (fig.'2) may
represent either eroded ﬂow remnants or small sepa-
rate domes.

The larger domes, such as Bearskin and Little Bear-
skin Mountains, are little eroded, and surface ex-
posures consist largely of blocks of tan perlitic glass
that are slightly modified remnants of the original
brecciated frothy carapaces of the domes. Scattered
fragments of dense black obsidian, derived from
beneath the perlitic breccia, occur about a third of the
way above the base of these domes. Float of well-
layered devitrified rhyolite is exposed 1oca11y just
above the zone of obsidian fragments. Pumiceous ma-
terial, that in places ravels out from below the level'
of the obsidian zone, may represent an initial pvro-
clastic fall that is not well exposed.

Other domes, such as those of North and South Twin
Flat Mountains (fig. 5), have been more deéply dis-
sected, in this case by the reexcavation of Ranch Can-
yon, and their internal structural and crystallization
features are better exposed. The internal features of
all these late domes are in general similar. A basal
black vitrophyric zone is everywhere well developed, in
places resting on lighter colored olflssy basal flow brec-
cia. The vitrophyre zone, which is as much as 5-10 m
thick, grades upward into devitrified rock through a
transition zone a few meters thick-in which flow-
layered obsidian alternates with devitrified rock that
is' commonly highly spherulitic. ‘The devitrified in-
teriors of the flows tend to be light gray and contain
conspicuous spherulites. In places, gas cavities several
centimeters across contain lithophysal fillings. The in-
teriors of the flows tend to be crudely flow layered,
with the layering subhorizontal just above the basal
glass zone, but becoming steeper in upper parts of the
lava dome. Near-vertical riblike masses of flow-layered
devitrified rock are commonly exposed high on the

o
wEa

bR

DiFpe

Fon
RN

Aol




Ficure 5.—Rhyolite domes of North and South Twin Flat Mountains. Rugged terrain in distance, including Milford Needle
(elev. 2920 m) on the left side of the picture, is underlain by gramte of the Mineral Mountains pluton. Photographed from
ridge between Ranch and Wildhorse Canyonl

domes, where erosion has stripped away the surface
mantle of frothy perlite. The steeply dipping flow
layering and ramp structures of these domes thus are
in contrast to structures in the older lava flows of
Wildhorse Canyon and Bailey Ridge.

The porphyritic domes typically lack well-developed
central craters (for example, the South Twin Flat
Mountain dome) although several have slight central

depressions. that:-have. been breached and.accentuated .

by erosion. Breached depressions.are especially evident
for the unnamed northern dome, which is on the range
crest northeast of Negro Mag Wash (fig. 2), Bear-
skin Mountain dome, and North Twin Flat Mountaln
dome (fig. 5).

All the domes contain several percent phenocrysts
of quartz, oligoclase, alkali feldspar, biotite, and iron-
titanium oxides (table 1). Trace amounts of sphene and
allanite occur in some domes. Hornblende, zircon, and
allanite are present in the Corral Canyon dome, the
southernmost exposure of rhyolitic volcanic rocks. The
North and South Twin Flat Mountain domes have
5-8 percent total phenocrysts, distinctly more than
any of the others. The obsidian zones of these two
domes appear even more phenocryst-rich, because of
the presence of small “snowflake” devitrification spots.
The flows in upper Wildhorse Canyon and to the north
contain only 2-3 percent total phenocrysts. :

Two analyzed samples of the porphyritic - domes
(table 2) are chemically similar silicic alkalic rhyolite.
In comparison with the older flows of Bailey Ridge
and Wildhorse Canyon, the domes are slightly but
significantly higher in Na,0 and F; they are lower in
K,O and CaO.

Lack of continuity, and thus absence of contact re-

lations, between the domes makes relative ages of the
domes difficult to determine. On the basis of amount
of dissection, North and South Twin Flat Mountains
may be among the oldest, and Bearskin Mountain
among the youngest of the domes. The K-Ar ages
(table 1), petrographic and chemical similarities, and
the generally similar degree.of erosional dissection in--
dicate that the domes are about the same age. Strati-
graphic relations on the northern side of the North
Twin Flat Mountain dome suggest that this dome- is
older than the .unnamed ridge-capping flow 0.5 km
north of it (fig. 2). Bearskin Mountain and the three
domes extending. southwest from it appear composi-
tionally homogeneous, consisting of phenocryst-poor
rhyolite similar to the rhyolite that overlies the North
Twin Flat Mountain dome. The Bearskin Mountain
dome has yielded K-Ar ages on obsidian of 0.60+0.12
and 0.75+0.10 m.y. (table 3, no. 4), and the Little
Bearskin Mountain dome has an indicated sanidine age
of 0.61+£0.05 m.y. (table 3, no. 9). Sanidines from
obsidian of South Twin Flat Mountain and the un-
named northern dome have yielded K-Ar ages of 0.50
+0.07 and 0.54+0.06 m.y. respectively (table 3, nos.
3, 5). Magnetic-polarity determinations for several
domes of this group are normal (table 4) indicating,
in conjunction with the K-Ar ages, that they were
erupted during the Brunhes polarity epoch.

One small dome of mostly devitrified alkalic rhyo-
lite and minor vitrophyre in Corral Canyon, shown as
Trd in the lower left corner of figure 2, has been dated
at 7.90+0.30 m.y. (table 3, no. 10). These volcanic
rocks appear to be unrelated to the young rhyolites
higher in the Mineral Mountains; the rhyolite in
Corral Canyon is more eroded and contains a different



lavas, may have been responsible tor producing the
anomalously young ages of 14 and 9 m.y. measured
on the Mineral Mountains pluton.

~ DISCUSSION

The stratigraphic relations and K-Ar ages of rhyo-
lites of the Mineral Mountains, newly reported here,
indicate that these rocks were emplaced during a rela-
tively brief period in the Pleistocene, between about
"0.8 and 0.5 m.y. ago, but an older rhyolitic event oc-
curred about 8 m.y. ago. The Mineral Mountains are
flanked on the northern and eastern sides by upper
- Cenozoic basalt flows (Condie and "Barsky, 1972;
"Hoover, 1974), roughly contemporaneous with and
younger than the rhyolite of the Mineral Mountains,
and this association of rhyolite and basalt constitutes
a bimodal volcanic assemblage of a type that is being
recognized widely in the western United States in
-uppér Cenozoic volcanic sequences (Christiansen and
Lipinan, 1972). .

A: significant question is whether the thermal
anomaly of the Roosevelt KGRA is due to proximity
to the late Cenozoic volcanic centers in the Mineral
Mountains. Roosevelt Hot Springs and other inactive
hot springs are located along the mountain-front fault
on the western side of the Mineral Mountains, about
92 km west of the nearest exposed rhyolite (fig. 2). The
size_and shape of .the Pleistocene-magmatic system

a2 chemical concentration technique.

TABLE 5.—Rare-earth element analyses of rhyolites of the Mineral Mountains fe

;- [Analyses by J. S. Pallister and H. T.
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15 km along the crest of the range suggests the pos-
sibility of a sizable magmatic system at depth. The
elongate trend of rhyolite vents might even mark a
segment of a large evolving circular igneous structure,
such as interpreted for the Coso rhyolite domes in’
California (Duffield, 1975). The rhyolites of the Min-
eral Mountains were extruded along the eroded core
of the large Mineral Mountains pluton, itself a late
Cenozoic intrusion of remarkably large size for so
young an age. Proximity in space and time suggests
that the rhyolite of the Mineral Mountains represents
a late stage in the evolution of a complex magmatic
system that earlier gave rise to the granite of the
Mineral Mountains. Alternatively, the rhyolite vol-
canism might have evolved independently of the
granite, but has been partly localized where the crust
was still hot from an earlier plutonic event. It seems
likely, though not provable, that this large complex

_magmatic system has also been the heat source for the

Roosevelt KGRA, with the shallow thermal anomaly
enhanced along the range front by deep fault-con-
trolled convective circulation of hot water.

This interpretation of a complex shallow magmatic
system is supported by limited available ra?gﬁ-earth
element data (table 5), which indicate that thé:rhyo-
lite of the Mineral Mountains had a magmatic resiy
dence time in a shallow environment for a sufficientlyy
long time to undergo major low-pressure fraftional'

i
Millard by neutron activation, using
‘(»See Zielinski and Lipman, 1976) ]

Bailey Ridge

Wildhorse Canyon

South Twin Flat, Bearskin Mountain

flow flow "Mountain dome dome
(75L-17) (75L-60R) (75L~-16) (75L-56)
La--—--- 43.5 44.3 24.9 25.0
Ce——m=——m . 95.6 94.3 51.5 44.2
N@-~==~—= 27.0 25.5 9.6 ‘ 7.5
5] —— 3.6 3.5 1.3 .90
Eu-~———- .42 ' .40 .037 - .035
Gd-~-~—- 2.8 2.5 1.3 .88
S .52 .49 .30 .20
TM———=—m .38 .35 .47 : .31
Yb—~mmme - 2.9 ‘ 2.9 4.2 3.0
Lu-—---- .52 .49 .79 .57

S e B R



100

ELEMENT/CHONDRITE

| | 11 1
LaCe TmYbLu

RARE-EARTH ELEMENTS

Fieure 6.—Chrondite-normalized rare-earth-ele-
ment plot for two rhyolites of the Mineral
Mountains (75L-16 and 751-17), showing
negative Eu anomalies.
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crystallization involving removal of feldspar. Chond-
rite-normalized analyses of two whole-rock samples
show large negative Eu anomalies (fig. 6), indicative
of major feldspar removal (Arth, 1976). This pattern
contrasts with that of some other voluminous Cenozoic
silicic rocks in the western United States (Zielinski
and Lipman, 1976; P. W. Lipman, unpub. data, 1976)
which show small or no Eu anomalies and appear to
have developed their silicic compositions by processes
not involving major feldspar fractionation, probably
because the environment of differentiation was at pres-
sures too high for feldspar to be stable.

possible geothermal significande in southwestern Utah
are not restricted to the Mineral Mountains. We dated
obsidian “Apache tears” from an eroded rhyolite flow
at the Cudahy mine about 25 km north of the Mineral
Mountains (fig. 1), as 2.38+0.15 m.y. (table 3, no. 6).
A large rhyolite plug (South Twin Peak) in the Black
Rock desert about 10 km east of the Cudahy mine
yielded -a similar K-Ar age of 2.33+0.12 m.y. (table
3, no. 7). Marginal obsidian from a small body of
rhyolite at White Mountain, about 50 km northeast
of the Mineral Mountains (fig. 1), yielded ages of
0.43+0.07 and 0.39+0.02 m.y. (table 3, no. 8), the
youngest of any of our ages. The rhyolite at White
Mountain contains inclusions of a distinctive dated
basalt, indicating a maximum age for the dome of
about 1 m.y. (Hoover, 1974). This rhyolite occurs less
than 1 km from the nearest exposure of upper Pleisto-
cene basalt of the Tabernacle volcanic field estimated
to be 10 000-20 000 yr old (Hoover, 1974). Basalts of
the Ice Springs volcanic field, 3 km north of White
Mountain, are post-Lake Bonneville in age, that is,
less than 12000 yr old. Thesé basaltic and rhyolitic
rocks together offer another example of a bimodal
basalt-rhyolite association in Utah. Thus, the potential
for volcanic-related thermal anomalies in southwestern
Utah is not confined to the Mineral Mountains. In
fact, White Mountain is about 7 km north of Meadow
and Hatton hot springs (Mundorff, 1970). o

Another intriguing aspect of the rhyolites in the
Mineral Mountains is their significance as a source of
artifact obsidian. Implement-grade obsidian is rela-
tively scarce in the southwestern. United States, yet
obsidian artifacts occur widely in archeological sites.
Well-known sources of archeological obsidian include
the Jemez Mountains in New Mexico, Coso Mountains
and Long Valley areas in east-central California,
Medicine Lake Highlands and associated rhyolitic
centers in northeastern California, Newberry volcano
and numerous small areas of rhyolite in eastern
Oregon, and Yellowstone rhyolite plateau in Wyoming
(fig. 7). The little known Mineral Mountains locality
is in a region where high-quality obsidian is scarce,
nearly equidistant from better known sources, yet it
contains abundant obsidian suitable for implement
manufacture. Individual blocks of nonporphyritic
obsidian from the Bailey Ridge and Wildhorse Canyon
flows are as much as 0.5 m across. Obsidian from the
Mineral Mountains has recently been recognized in
several archeological sites in southwestern Utah. and
adjacent parts of Nevada (Umshler, 1975), but how
widely it has been distributed has yet to be established.
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Available compositional data indicate that obsidian
artifacts derived from the Mineral Mountains should
be distinguishable, especially by minor-element. com-
positions, from these of most of the better known
obsidian sites. ‘

Fission-track age dating, by G. A. Izett and C. W.
Naeser, and obsidian-hydration age dating, by Irving
Friedman, were conducted—independently of our
study—on selected samples of rhyolite from the Min-
eral Mountains. The ages determined by these two
other techniques provide a cross-check on the ages
presented above that were determined by the K-Ar
isotope method. Comparisons of the results of the three
techniques are presented separately, in the sections that
follow.

Fieure T7.—Well-known sources for archeological obsidian in the western United States. -

FISSION-TRACK DATING
By G. A. Izett and C. W. Naeser

Fission-track age determinations were mnade on sam-
ples of obsidian from the Bailey Ridge flow and the
Bearskin Mountain dome. The fission-track age of
the Bailey Ridge obsidian is in fair agreement with
the K-Ar age of the obsidian, but the fission-track age
of the Bearskin Mountain obsidian is anomalously
younger than the K-Ar age. Th sample we dated of
the Bearskin Mountain obsidian contains no fossil fis-
sion tracks; however, the age can be estimated by as-
suming the presence of one fossil track as shown in the
table below. The anomalously young fission-track age
of the Bearskin Mountain obsidian probably is due
to the annealing of fossil tracks from a recent thermal
event. The fission-track analytical data follow:
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[Fission tracks etched for about 10 seconds in 48 percent hydrofluoric acid;

+ 1 sigma about the mean.

Af = 6.85 x 10”1 7yr71]

¢ Pg Pi Fission track K-Ar glass
Locality (neutrons cm~?) (tracks cm~2) (tracks cm™?) glass age x age x 10°
1086 years years!
Bearskin Mountain dome 8.72 x 1ol* <3.37 x 101(1) 1.25 x 10°(309) <0.02 0.75 *+ 0.1
0.60 + 0.12
0.5 x 101° 7.89 x 102(3) 4.40 x 10%(213) 0.55 + 0.30 0.79 *+ 0.08

Bailey Ridge flow

lsee table 3.

OBSIDIAN-HYDRATION DATING
By Irving Friedman

Four rhyolite lava flows or domes from the Mineral
Mountains, Utah, were dated by the obsidian-hydra-
tion technique. Most of the results agree with KsAr
and fission-track dates of the same flows.

Obsidian~-hydration dating depends upon the fact
that a newly formed surface on obsidian, such as a
cooling crack, adsorbs water from the atmosphere.
This adsorbed water slowly diffuses into the obsidian,
and the depth of penetration of the water can be mea-
.sured under the microscope in a thin section cut nor-
mal to the surface (Friedman and Smith, 1960). The

rate at which the water diffuses into the obsidian is .

dependent upon temperature and glass composition
(Friedman and Long, 1976).
- The thickness of the hydrated layer (in micro-
meters) for the rhyolite units is tabulated below. Also
listed is the expected rate of hydration (in pm?2/10%-

yr) for each flow, calculated for an estimated effective .

hydration temperature of 8°C and from the chemical

composition of the obsidian. (See Friedman and Long,
1976.) The calculated obsidian-hydration age is also
given, as is the K-Ar age.

Although the effective hydration temperature is as-
sumed to be the same for all the flows sampled, the
differing whole-rock chemistry of the obsidian gives
different calculated hydration rates. Compositions of
two of the obsidians are from table 2 in this paper;
the analysis of the Bearskin Mountain dome is from
S. H. Evans (written commun., 1976). No analysis is
available for the South Twin Flat Mountain dome. An
analysis for the North Twin Flat Mountains (table 2).
was used instead'; the hydration rate and-calculated age
are accordingly uncertain.

" The calculated hydration rates vary by a factor of
2.5, owing mainly to differences.in the amount of
CaO+MgO. The chemical analyses were on whole-
rock samples, but the hydration-rate calculation should
be based on glass compositions. The Wildhorse Canyon
and the Bailey Ridge glasses are almost free of pheno-
crysts, but the Bearskin Mountain and particularly the

" Thickness of Chemical cCalculated Calculated Corrected K/Ar
Rhyolite hydration index hydration age age age
um (+ 1 pm) " rate 10 yrs
um2/103‘yrs

Wildhorse Canyon .
flow—m———mme——ec 41 42.5 2 ~ 0.85 , 0.85 )
Bailey Ridge ' ‘ ‘
flow—-————m e 40 41.7 2 .80 .80 0.79
Bearskin Mountain .75
dome=—~————ee———— 31 47.4 4 .24 .48 .60

South Twin Flat

Mountain dome--- 22 51.1(?) 5(?) .10(?) .25 .50

INo determination



South Twin Fla,t, Mountain all have refractlve indices
of 1.4847+0.0005, whereas Bearskin Mountain dome
has a slightly higher index, 1.4856 +0.0005. The simi-
larity in index of all four glasses makes any assump-
tion of greatly differing hydration rates for these
samples unrealistic. If we assume that the chemical
compositions of the glass phase of all four samples
are similar, then the hydration rates also will be simi-
lar and the dates shown in the column “Corrected age”
should apply. .

The corrected ages agree with the K-Ar dates, except
for the date for the South Twin Flat Mountain dome,
where the hydration date is about half that derived by

. K-Ar dating. The reasons for this discrepancy are not
known, but we may not have sampled sufficiently to
find an original surface on the samples from this site.
Alternatively, the discrepancy may be due to some in-
herited argon in the sanidine used for K-Ar dating.
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PLEISTOCENE RHYOLITE OF THE MINERAL MOUNTAINS, UTAH-
GEOTHERMAL AND ARCHEOLOGICAL SIGNIFICANCE

By P. W. LIPMAN; P. D. ROWLEY, H. H. MEHNERT;
S. H. EVANS, Jr., W, P. NASH, and F. H. BROWN;*
Hawaiian Volcano Observatory, Hawaii; Denver, Colo.; and Salt Lake City, Utah
With sections by G. A. IZETT and C. W. NAESER
and by IRVING FRIEDMAN, Denver, Colo.

Abstract.—Little-eroded rhyolitic tuffs, flows, and domes ex-
tend over about 25 km?® along the western side of the Mineral
Mountains, southwestern Utah, which is along the eastern
edge of the Roosevelt KGRA (Known Geothermal Resource
Area). Initial eruptions resulted in two low-viscosity lava flows
of nonporphyritic rhyolite. These were followed by bedded pum-
ice falls and nonweldéd ash flows. The youngest activity pro-
duced at least nine viscous domes and small lava flows of rhyo-
lite that contain 1-5 percent phenocrysts of quartz, plagioclase,

sodic sanidine, and biotite; distinction between domes and

eroded flow segments locally is difficult.

Potassium-argon ages indicate that all the rhyolite of the
Mineral Mountains was erupted between 0.8 and 0.5 m.y. ago.
The rhyolite rests on dissected granite of the Mineral Moun-
tains pluton, the largest intrusion in Utah, which has yielded
published K-Ar ages of 9 and 15 m.y. A small older dissected
rhyolite dome, about 8 m.y. old, occurs just west of the range
front. Whether the young ages of the pluton represent time of
intrusion or of later reheating, they, in conjunction with the
Pleistocene rhyolite in the Mineral Mountains, do indicate a
major late Cenozoic thermal anomaly, the size and age of
which is significant to evaluation of the Roosevelt KGRA. The
rhyolite is also the only known source of implement-grade ob-
sidian in the southwest between eastern California and north-
ern New Mexico.

As part of the U.S. Geological Survey’s geothermal
energy program, age, composition, and distribution
data are being obtained for upper Cenozoic volcanoes
in the western United States that have erupted sig-
nificant amounts of silicic rocks. Such silicic rocks,
mostly rhyolites, are considered possible indicators of
the subsurface presence of shallow magma chambers
still sufficiently hot to have potential for geothermal
‘resources. A rationale for this approach is outlined by
Smith and Shaw (1975).

Large volumes of rhyolite: associated with known
geothermal resources have been described from Yel-
Jowstone National Park (Allen and Day, 1935; Chris-
tiansen and Blank, 1972), in the Jemez Mountains

1Departmené of Geology and Geophysics, University of Utah.
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in New Mexico (Smith, Bailey, and Ross, 1970), and
in the Long Valley area, California (Bailey, Dal-
rymple, and Lanphere, 1976). Around the margins of
the Colorado Plateau, small volumes of similar silicie
rocks that also seem worthy of reconnaissance evalua-
tion in terms of geothermal signifiance occur in the
San Francisco Mountains volcanic field, Arizona
(Robinson, 1913; Moore, Wolfe, and Ulrich, 1974), in
the Mount Taylor and Taos Plateau volcanic fields of
New Mexico (Hunt, 1938; Lambert, 1966), and in the
Mineral Mountains, Utah.

In the Mineral Mountains, southwestern Utah,
young rhyolite masses extend discontinnously for
about 15 km along the range crest and cover an area
of less than 25 km?; these have been little studied
and previously were interpreted as erosional remnants
of a single large silicic volcano of late Tertiary age
(Earll, 1957; Liese, 1957). This brief report presents
new geologic data, including K-Ar ages which demon-
strate that many separate Java domes, flows, and tuffs
were erupted from vents along the range crest be-
tween 0.8 and 0.5 m.y. ago. Along one of the western
range-front faults, about 2 km northwest of the near-
est thyolitic volcanic rocks, Roosevelt Hot Springs is
located within a KGRA (Known Geothermal Re-
source Area) that is actively being developed for
geothermal power production. The youthful silicic vol-
canism recorded by the rhyolite of the Mineral Moun-
tains suggests the presence of a still-hot buried magma
chamber that may be the heat source for the KGRA.

Acknowledgments.—Discussions with Glenn A. Tzett
and TIrving Friedman, who examined the rhyolites,
and Sr-Rb data on granite from the Mineral Moun-

' tains pluton by Carl E. Hedge aided the evolution of

ideas on the rhyolite of the Mineral Mountains. We

- thank John S. Pallister and Alan Martz for assistance
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GENERAL GEOLOGIC SETTING

The Mineral Mountains, in west-central Utah (fig.
1), are a typical basin-range horst, which rises about
1 km above the adjacent alluviated basins, the Escal-
ante Desert to the west and an unnamed valley to the
east. The horst extends nearly 50 km in a northerly
direction and is in general about 10 km wide.

On the western and northern sides of the range,
metamorphic rocks of the Wildhorse Canyon Series of
Condie (1960), of probable Precambrian age, are the
dominant rocks, but on the southern, northern, and
eastern sides of the range, Paleozoic and Mesozoic
sedimentary rocks are exposed widely. These layered
rocks are intruded by a distinctive body of granite,
the Mineral Mountains pluton, which is the largest
single exposed intrusive body in Utah, covering near-
ly 250 km? This granite and associated pegmatite
and aplite may be as young as late Miocene, having
yielded two K-Ar ages on feldspars of 15 and 9 m.y.
from different sample sites (Park, 1968; Armstrong,
1970). These young apparent ages are supported in a
general way by results of a Rb-Sr isotopic study. A
Rb-Sr isochron, based on 11 analyses of whole-rock
samples ranging in composition from diorite to aplite,
shows exceptionally bad scatter but suggests that the
age of the main batholith is about 35 m.y., with siz-
able chemical modification—especially Sr loss—hav-
ing occurred 7-15 m.y. ago (C. E. Hedge, written
commun., 1976).

Prior to the onset of late Cenozoic rhyolitic vol-
canism in the Mineral Mountains, the Mineral Moun-
tains pluton and its country rocks were deeply dis-
sected to form a rugged erosional topography with
towering pinnacles rising above narrow usually dry
valleys.

The Mineral Mountains are bounded on the west,
and probably on the east side, by north-striking nor-
mal faults. The trend of the bounding faults on the
west is marked locally in the Roosevelt KGRA by
discontinuous elongate mounds of opaline sinter and
other hot-spring deposits. Near the northern end of
this trend is Roosevelt Hot Springs (Petersen, 1975).
Water temperatures as high as 90°C have been re-

Phillips Petroleum Co., the successful bidder on the
KGRA in 1974, is continuing exploration on the prop-
erty. Numerous test wells so far drilled in the KGRA
have documented the presence of a low-salinity liquid-
dominated geothermal system (Berge, Crosby, and
Lenzer, 1976; Greider, 1976). The thermal anomaly
covers approximately 32 km?, and reservoir tempera-
tures exceed 250°C.

RHYOLITE OF THE MINERAL MOUNTAINS

Rhyolitic rocks in the Mineral Mountains include
three stratigraphically distinct sequences. Lowermost
are two nearly nonporphyritic obsidian-rich Jlava
flows. These are overlain by a pyroclastic sequence,
including both ash-fall and ash-flow tuffs. Strati-
graphically highest are porphyritic rhyolite lava
domes erupted from at least nine separate vents, most
of which are along the range crest.

Flows of Bailey Ridge and Wildhorse Canyon

The oldest rhyolitic rocks in the Mineral Mountains
are two lava flows of virtually nonporphyritic flow-
layered rhyolite. One flow is exposed for about 3 km
along Bailey Ridge and in Negro Mag Wash (fig. 2)
northwest of Bearskin Mountain. The other is exposed
for about 3.5 km along Wildhorse Canyon, west of
Bearskin Mountain. Both flows were originally as
much as 100 m thick and followed pre-existing val-
leys that drained the western side of the Mineral
Mountains, with relief much like the present, and that
were graded nearly to the present levels at valley
fronts. Both flows are only slightly dissected, and
much of their primary upper surfaces of frothy
pumiceous perlitic rubble is preserved.

Where deeply dissected, both flows display similar
cooling and crystallization zonations. The basal few
meters of the flow, resting directly on medium- to
coarse-grained Tertiary granite of the Mineral Moun-
tains pluton, consists of dense black obsidian. The
obsidian has well-developed flow lamination defined
by alined microlites of feldspars and opaque oxides
(fig. 34). The basal obsidian zone grades upward
within a meter or two into a well-layered zone, in
which dark obsidian and light-gray or brown finely
crystallized flow-layered lava alternate. The interior
of the flow is as much as 10-30 m thick and consists
of gray relatively structureless devitrified rhyolite, in
places containing concentrations of ovoid gas cavities
locally filled with vapor-phase crystallization products.
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F16URE 1.—Index map showing location of the Mineral Mountains and nearby areas, Utah. Numbers
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western range front. ’
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In upper parts of the flow a few meters of flow-layered
obsidian are interlayered with devitrified rock (fig.
3B), passing upward into a more uniform dark glass
zone or grading directly into a frothy rubbly breccia
of tan perlitic pumice as much as 10 m thick at the
top of the flow.

The flow layering and lamination in these rhyolitic
lavas is remarkably planar and uncontorted as com-
pared to the swirly internal structures typical of

‘many rhyolitic lava flows. The “ramp structures” that

occur commonly in upper parts of silicic flows (Chris-
tiansen and Lipman, 1966), are absent or poorly de-
veloped, and subhorizontal layering is typical through-
out the Bailey Ridge and Wildhorse Canyon flows.
The most common deviations from planar layering are
small, typically rootless recumbent folds (fig. 34),
most limbs of which are less than 1 m long. These
flowage features, as well as the relatively slight thick-
ness of each lava flow as compared to its longitudinal
extent, indicate that they were characterized by lower
emplacement viscosities than many silicic lava flows.

Vents for these oldest flows of the Mineral Moun-
tains have not been found. The Wildhorse Canyon flow

FIcURE 3.—Photographs of the Wildhorse Canyon flow. 4,
Photomicrograph showing recumbently folded flow lamina-
tion. Flow structures are defined by alined microlites. B,
Alternating layers of obsidian and devitrified rhyolite in
upper part of flow.

appears to extend up drainage beneath younger lava
domes in the upper part of the canyon, although ex-
posures of the critical relations are poor because of
cover by rubble. Probably the vent area for this flow
is beneath the younger lavas to the east. If the Bailey
Ridge flow vented from beneath its uppermost outcrop
area, surface structures of this part of the flow give
no indication of any concealed vent. This part of the
flow is little dissected, however, -and the vent area
could be completely buried. Alternatively, the Bailey
Ridge flow, and also the Wildhorse Canyon flow,
might have come from higher on the slope, underneath
the area now covered by the Bearskin and Little Bear-
skin Mountain lava domes. However, this would re-
quire that the upper portions of the flows be largely
removed by erosion while the lower portions were left
relatively undissected.

The Bailey Ridge and Wildhorse Canyon flows are
petrographically similar. They contain less than 0.5
percent total phenocrysts, the majority of which are
alkali feldspar (table 1). There are trace amounts of
oligoclase, biotite, titanomagnetite, and ilmenite. The
two flows are virtually identical in chemical composi-
tion (table 2). They are typical silicic rhyolites, con-
taining about 76.5 percent SiO, and just over 9 per-
cent total alkalis. The fresh obsidians contain more
fluorine than water; secondarily hydrated pumice
from the Bailey Ridge flow contains 2.4 percent total
H;O. The magmatic temperatures of these flows were
about 750°C, as determined from compositions of iron-
titanium oxides and coexisting plagioclase and alkali



TARLE 1. —Modal compositions of radiometrically dated samples
[Est., estimate; tr., trace; leaders (..), not present; *, microphenocrysts]

Field No. Unit Ground- Plagio- K- Quartz Biotite Horn~- Clino-  Opaques Poi
mass clase feldspar blende pyroxene cou

75L-17 Bailey Ridge flow,

obsidian-—--———r-rmeme- 99.9 - tr. tr. -~ - - - Es'
75L-15 Tuff of Ranch Canyon

obsidian block-=--~==~-- 98.2 0.6 0.8 0.4 tr. - ~— tr. 3,
75L~16 South Twin Flat Mountain

dome, obsidian with

patchy devitrification- 92.6 1.2 3.9 2.3 tr. ~-— ~- tr. 3,¢
75L-56 Bearskin Mountain, _ ’

obsidian--~--——-~—=c—wm= 97.2 .3 1.2 1.2 0.1 - - tr. 4,
75R-53 Little Bearskin Mountain

dome, obsidian-~--~--=-= 96.0 .9 1.9 1.0 - - - 0.1 2,C
75L-18A Northern dome, frothy

perlite-—————emmmeome—— 27.4 .4 1.3 .7 .1 - -- .1 2,¢
75L-19 Rhyolite of the Cudahy

mine, obsidian-----~-=-~ 100 - - - - - - - Est
75L-21 Black Rock desert

felsite plug--======--- 91.2 5.8 1.2 - tr. - 1.2 .6 3,1
75L-23 Rhyolite of White

Mountain, obsidian--~--~ 94 - - - —— *6 - - Est
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74-3A, Obsidian, Bailey Ridge flow; 74-8, Obsidian, Wildhorse Canyon flow; 75-14,
Obsidian, Little Bearskin Mountain dome; 75-20, Basal Obsidian, North Twin Flat

Mountain dome.

Leaders (---) not present; tr., trace]

Chemical Analyses CIPW Norms
74-3A  74-8 75-14 75-20 74-3A 74=-8 75-14 75-20
Si0p—==m——- 76.52 76.51 76.42 76.45 Q=== 33.40 33.28 33.22 32.48
Ti0y=——mm—- .12 .12 .08 .08 Cm=—————- -— .26 .41 .45
Al,05-=~-—- 12.29 12.29 12.79 12.79 OF=—————m 30.96 31.20 27.89 27.95
Fe,03-==~=- .31 .23 .20 .30 ab-—smee- 32.15 31.90 37.40 37.15
FeQ-—mmmmu- .46 .51 .38 .29 an=——=——m 1.00 1.02  ——- —-—=
MnO-—————-- .05 .05 .09 .10 di-wo-——- .37 47 -— —-—-
MgO-—tmmer .08 .08 .11 .12 di-en-——- .11 .12 - -—-
Caf~=m=m——o .64 .65 b4 .40 di-fs———- .27 R -—-
Na)0—=—==—~ 3.80 3.77 4.42 4.39 hy-en—-—- .09 .08 .27 .30
Ky0——m—mm—m 5.24  5.28 4.72 4.73 hy-fg——-—- .21 +26 .57 .34
Py0g=—=—=mu—- .02 .01 tr. .06 mt——————- +45 .33 .29 43
Hy04+ ——m——- _ .12 .06 .13 .10 il-—————- .23 .23 .15 .15
Ho0= ———me .06 .06 .01 - ap——-———-- .05 W02 == 14
Foeroe e .16 .15 42 - .44 fr-—-———m- ' .33 .29 .61 .45
Sum-——--- 99.87 99.77 100.21 100.25 rest————-— .18 .12 .14 .10
Less F=0- .07 .06 .18 .19 Total=-- 99.80 99.96 99.95 99.94
Total-——- 99.80 99.71 100.03 100.06

feldspar. The relatively low emplacement viscosities,
indicated by the planar flow structures of these rhyo-
lites, do not therefore seem related to exceptionally
high emplacement temperatures.

A single K-Ar radiometric age determination of
0.79+0.08 m.y. (table 3, no. 1), from the toe of the
Bailey Ridge flow, is the oldest age obtained from any
rhyolite of the Mineral Mountains. The Bailey Ridge
flow has a reversed paleomagnetic pole position (table
4) indicating, in conjunction with K-Ar data, that it
was erupted toward the end of the Matuyama polarity
epoch. The Wildhorse Canyon flow has not yet been
dated radiometrically, but it also is characterized by a
reversed polarity, which, in conjunction with morpho-

logical and chemical resemblance to the Bailey Ridge

flow and its position beneath some of the pyroclastlc
rocks, suggests a similar age.

'Pryoclastic rocks

South of Wildhorse Canyon, pyroclastic rocks of
ash-fall and ash-flow origin are the lowest exposed
rhyolitic rocks. The main area of pyroclastic rocks is
in Ranch Canyon, where tuffs bury rugged paleotopog-

raphy much like the present land surface.

The pyroclastic rocks are only weakly consolidated
and are mostly poorly exposed, underlying alluviated
slopes. All the pyroclastic deposits, both ash-fall and
and ash-flow, are white to light tan. They occur over
an altitude range from 1950 m in valley-bottom ex-
posures in Ranch Canyon to as high as 2540 m on the
surrounding slopes. They also occur in the Cove Fort
area, where they are overlain by basalt lava flows
(Nash and Smith, 1977). Much of the pyroclastic se-
quence has been removed by erosion in Ranch Canyon,
and it is not clear to what extent this altitude range
reflects an actual total thickness of the original de-
posit and to what extent the pyroclastic rocks were
thinner but blanketed the preexisting topography. In
Ranch Canyon these rocks are overlain by the large
lava domes on North and South Twin Flat Mountains
and by smaller masses of rhyolitic lava on adjacent
ridges. Although contacts between these domes and the
pyroclastic rocks are nowhere well exposed, this strati-
graphic sequence is indicated by structural zones in
the rhyolite domes of North and South Twin Flat
Mountains. The lowest exposures are of a subhorizontal



sample Iocations. Ages of WM76-3 a
H. H. Mehnert}

;Hvﬁi?é:zévééiééﬁiﬁé& g;ié; ﬁ.réQ;ﬁé;<Jr;, and F. H. Brown; other ages determined by

i Location K,0 *Art0 (10710) *Arh 0 Age
Sample Field No. Unit Material dated (Lat N Long W) (pereent) (moles/gram) (percent) (m.y-+20)
1 75L-17 Bailey Ridge flow--——-——- Obsidian-——————— 38%29”, 112249' 5.10, 5.10 0.058 25.8 g.;s&g.gi
2 75L-15 Tuff of Ranch Canyon----  Obsidian block-- 38°%25°, 112°50° 4.63, 4.66 047 47.1 - 704+0.
3 75L-16 South Twin Flat
Mountain dome—=—-——--- Sanidine———=—=— 38225‘, 112‘;49' 8.14, 8.08 .059 ;g.; g.ggi_g.%
4 75L-56 Bearskin Mountain dome--  Obsidian-------- 38277, 112747 4.48, 4.49 :ggg 13:5 0:6629212
5 75L-18A North Dome=—===~==m=c--m Sanidine--—————= 38031’, 112%47° 9,36, 9.35 .073 24.5 0.54+0.06
———————— %457 0517 1; 4.93 .168 46.0 2.384+0.15
6 75L-19 Cudahy mine-—-=======—-- Obsidian 38745, 112751 4.91; »
7 75L-21 South Twin Peak-- Sanidine-===w=-- _38045', 112247’ 11.13, 11.12 <373 54.3 2.33ﬁg.é§
8 75L-23 White Mountain—---=====< Obsidian---——--- 38055', 1127307 4.63, 4.70 .029 15.9 0. 43+ .02
WM76-3 Obsidian-=-=-=----- 5.23, 5.25 .030 21.5 0.39+0.
9 75R-23 Little Bearskin .
Mountain dome-——-—-—-- Sanidine-------- 38°277, 112%8° 19.31, 9.15 .080 31.8 0.61+0.05
9.26 . ‘
10 MR76-26 Corral Canyon dome---=--- Biotite————————— 389247, 112°53° .8.72, 8.75 1.011 61.6 7.90+0.30

l1gotope dilution determination

TABLE 4.—Preliminary data on magnetic poluritics of rhyolites of the Mineral Mountains

. Number of Declination Inclination Standard error
Unit '
samples (percent)

Normal samples: ,

Northern dome~-———=-————- 9 350 62 3

Big Cedar Cove dome-—--—- 4 23 67 4

Ranch Canyon dome-—-—--——- 5 22 44 .5

Corral Canyon dome--——-—- , 3 332 25 20

Ranch Canyon ash-———--—--- 2 356 46 29

Wildhorse Canyon ash----- 6 349 48 5
Reversed samples:

Bailey Ridge flow——=———=- 6 173 -63 6

Wildhorse Canyon flow-—-- 4 168 -61 2

zone of basal flow breccia below the basal obsidian
zone; this is the typical zonation expectable at the
base of a lava flow or dome and would be an improb-
able relation if the pyroclastic rocks had been plastered
against older lava domes. Thus, the lava dome of South
Twin Flat Mountain overlies pyroclastic rocks that
are at least 60 m and probably as much as 180 m thick,
and these figures suggest minimum thicknesses of the
pyroclastic unit. :

The lower pyroclastic rocks are beds of air-fall pum-
ice and ash at least 10 m thick and probably much
thicker. Individual beds are a few centimeters to about
a meter thick. Variable dips indicate that the ash was
deposited on the underlying granite, on a surface as
rugged as the present one. The pumice and ash contain
several percent of small phenocrysts of quartz, oligo-

clase, alkali feldspar, biotite, magnetite, ilmenite,
sphene, and allanite. This mineral assemblage is gen-
erally characteristic of the youngest rhyolite flows as
well. Associated with the pumice and ash are a few
percent of rhyolitic lithic debris, including devitrified
rhyolite, perlite, and sparse obsidian fragments.
. Phenocrysts in the lithic debris are sparse, generally
similar to those in the flows of Bailey Ridge and Wild-
horse Canyon.

Ash-flow deposits widely overlie the ash-fall beds in
Ranch Canyon. The ash-flow deposits locally are at
least 50 m thick; probably the total thickness is much
greater, but accurate estimates are difficult because of
the poor exposures. The ash-flow deposits are every-
where nonwelded and only weakly consolidated; they
tend to weather to small conical hills. On especially
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—each a few meters thick—can be recognized in the
ash-flow deposits, with partings between the flow units
marked by local concentrations of pumice, lithic debris,
or better sorted ash.

FIi6ure 4—Ash-flow tuff, resting on a rugged erosion surface
cut on granite of the Mineral Mountains pluton. Arrows in-
dicate faint parting between flow units of tuff. From northern
side of Ranch Canyon at about 2105-m elevation.

On the northern side of lower Wildhorse Canyon,
an isolated patch of pyroclastic material about 150 m
across consists of finely laminated white fine-grained
ash of lacustrine origin. These beds of water-reworked
ash are younger than the Wildhorse Canyon flow and
were deposited in a local basin dammed by the flow.
The ash has a refractive index similar to that of the
pyroclastic rocks in Ranch Canyon, one valley to the
south, suggesting to us that it represents a reworked
marginal facies of this deposit. In contrast, this patch
of lacustrine tuff is interpreted by Glenn Izett (writ-
ten. commun., 1976) as airborne Bishop ash, from the
Long Valley caldera in California, on the basis of
small compositional differences with other rhyolites of
the Mineral Mountains. '

A single whole-rock K-Ar age on an obsidian clast
from ash-flow tuff in Ranch Canyon yielded an age of
0.70+0.04 m.y. (table 3, no. 2), providing an older
limit for the age of the pyroclastic rocks. The pyro-
clastic deposits in Ranch Canyon, as well as the local
lake beds in Wildhorse Canyon. have normal mag-
netic polarities in contrast to the reverse polarities of
Bailey Ridge and Wildhorse Canyon flows. Thus, the
pyroclastic rocks have been deposited during the
Brunhes polarity epoch.

The stratigraphically highest part of the upper Ceno-
zoic volcanic assemblage in the Mineral Mountains is
a group of at least nine separate perlite-mantled lava
domes and small flows of porphyritic rhyolite. The
domes tend to occur along the crest of the range, dis-
continuously over a zone about 15 km long. These
domes form some of the highest topographic points in
the Mineral Mountains, including Bearskin Mountain
with an elevation of 2772 m (9095 ft). Individual
domes are as much as 1 km across at their bases and
stand as much as 250 m high, although dimensions are
difficult to determine precisely because of the irregular
pre-existing topography and subsequent erosion. Small
stubby flows extend out from some of the domes, and
some small isolated patches of rhyolite (fig. 2) may
represent either eroded flow remnants or small sepa-
rate domes.

The larger domes, such as Bearskin and Little Bear-
skin Mountains, are little eroded, and surface ex-
posures consist largely of blocks of tan perlitic glass
that are slightly modified remnants of the original
brecciated frothy carapaces of the domes. Scattered
fragments of dense black obsidian, derived from
beneath the perlitic breccia, occur about a third of the
way above the base of these domes. Float of well-
layered devitrified rhyolite is exposed locally just
above the zone of obsidian fragments. Pumiceous ma-
terial, that in places ravels out from below the level
of the obsidian zone, may vepresent an initial pyro-
clastic fall that is not well exposed.

Other domes, such as those of North and South Twin
Flat Mountains (fig. 5), have been more deeply dis-
sected, in this case by the reexcavation of Ranch Can-
yon, and their internal structural and crystallization
features are better exposed. The internal features of
all these late domes are in general similar. A basal
black vitrophyric zone is everywhere well developed, in
places resting on lighter colored glassy basal flow brec-
cia. The vitrophyre zone, which is as much as 5-10 m
thick, grades upward into devitrified rock through a
transition zone a few meters thick in which flow-
layered obsidian alternates with devitrified rock that
is commonly highly spherulitic. The devitrified in-
teriors of the flows tend to be light gray and contain
conspicuous spherulites. In places, gas cavities several
centimeters across contain lithophysal fillings. The in-
teriors of the flows tend to be crudely flow layered,
with the layering subhorizontal just above the basal
glass zone, but becoming steeper in upper parts of the
lava dome. Near-vertical riblike masses of flow-layered
devitrified rock are commonly exposed high on the



Frcure 5.—Rhyolite domes of North and South Twin Flat Mountains. Rugged terrain in distance, including Milford Needle
(elev. 2920 m) on the left side of the picture, is underlain by granite of the Mineral Mountains pluton. Photographed from
ridge between Ranch and Wildhorse Canyons.

domes, where erosion has stripped away the surface
mantle of frothy perlite. The steeply dipping flow
layering and ramp structures of these domes thus are
iIn contrast. to structures in the older lava flows of
Wildhorse Canyon and Bailey Ridge.

The porphyritic domes typically lack well-developed
central craters (for example, the South Twin Flat
Mountain dome) although several have slight central
depressions that have been breached and accentuated
by erosion. Breached depressions are especially evident
for the unnamed northern dome, which is on the range
crest northeast of Negro Mag Wash (fig. 2), Bear-
skin Mountain dome, and North Twin Flat Mountain
dome (fig. 5).

All the domes contain several percent phenocrysts
of quartz, oligoclase, alkali feldspar, biotite, and iron-
titanium oxides (table 1). Trace amounts of sphene and
allanite occur in some domes. Hornblende, zircon, and
allanite are present in the Corral Canyon dome, the
southernmost exposure of rhyolitic volcanic rocks. The
North and South Twin Flat Mountain domes have
5-8 percent total phenocrysts, distinctly more than
any of the others. The obsidian zones of these two
domes appear even more phenocryst-rich, because of
the presence of small “snowflake” devitrification spots.
The flows in upper Wildhorse Canyon and to the north
contain only 2-3 percent total phenocrysts.

Two analyzed samples of the porphyritic domes
(table 2) are chemically similar silicic alkalic rhyolite.
In comparison with the older flows of Bailey Ridge
and Wildhorse Canyon, the domes are slightly but
significantly higher in Na,0 and F; they are lower in
K.O and CaO.

Lack of continuity, and thus absence of contact re-

lations, between the domes makes relative ages of the
domes difficult to determine. On the basis of amount
of dissection, North and South Twin Flat Mountains
may be among the oldest, and Bearskin Mountain
among the youngest of the domes. The K-Ar ages
(table 1), petrographic and chemical similarities, and
the generally similar degree of erosional dissection in-
dicate that the domes are about the same age. Strati-
graphic relations on the northern side of the North
Twin Flat Mountain dome suggest that this dome is
older than the unnamed ridge-capping flow 0.5 km
north of it (fig. 2). Bearskin Mountain and the three
domes extending southwest from it appear composi-
tionally homogeneous, consisting of phenocryst-poor
rhyolite similar to the rhyolite that overlies the North
Twin Flat Mountain dome. The Bearskin Mountain
dome has yielded K-Ar ages on obsidian of 0.60+0.12
and 0.75£0.10 m.y. (table 3, no. 4), and the Little
Bearskin Mountain dome has an indicated sanidine age
of 0.61+0.05 m.y. (table 3, no. 9). Sanidines from
obsidian of South Twin Flat Mountain and the un-
named northern dome have yielded K-Ar ages of 0.50
+0.07 and 0.54%0.06 m.y. respectively (table 3, nos.
3, 5). Magnetic-polarity determinations for several
domes of this group are normal (table 4) indicating,
in conjunction with the K-Ar ages, that they were
erupted during the Brunhes polarity epoch.

One small dome of mostly devitrified alkalic rhyo-
lite and minor vitrophyre in Corral Canyon, shown as
Trd in the lower left corner of figure 2, has been dated
at 7.90+£0.30 m.y. (table 3, no. 10). These volcanic
rocks appear to be unrelated to the young rhyolites
higher in the Mineral Mountains; the rhyolite in
Corral Canyon is more eroded and contains a different



lavas, may have been résp(;nsible for producihg the
anomalously young ages of 14 and 9 m.y. measured
on the Mineral Mountains pluton. '

DISCUSSION

The stratigraphic relations and K-Ar ages of rhyo-
lites of the Mineral Mountains, newly reported here,
indicate that these rocks were emplaced during a rela-
tively brief period in the Pleistocene, between about
0.8 and 0.5 m.y. ago, but an older rhyolitic event oc-
curred about 8 m.y. ago. The Mineral Mountains are
flanked on the northern and eastern sides by upper
Cenozoic basalt flows (Condie and Barsky, 1972;
Hoover, 1974), roughly contemporaneous with and
younger than the rhyolite of the Mineral Mountains,
and this association of rhyolite and basalt constitutes
a bimodal volcanic assemblage of a type that is being
recognized widely in the western United States in
upper Cenozoic volcanic sequences (Christiansen and
Lipman, 1972).

A significant question is whether the thermal
anomaly of the Roosevelt KGRA is due to proximity
to the late Cenozoic volcanic centers in the Mineral
Mountains. Roosevelt Hot. Springs and other inactive
hot springs are located along the mountain-front fault
on the western side of the Mineral Mountains, about
2 km west of the nearest exposed rhyolite (fig. 2). The
size and shape of the Pleistocene magmatic system

tion of rhyolite vents, yet the extent of the vents for
15 km along the crest of the range suggests the pos-
sibility of a sizable magmatic system at depth. The
elongate trend of rhyolite vents might even mark a
segment of a large evolving circular igneous structure,
such as interpreted for the Coso rhyolite domes in
California (Duffield, 1975). The rhyolites of the Min-
eral Mountains were extruded along the eroded core
of the large Mineral Mountains pluton, itself a late
Cenozoic intrusion of remarkably large size for so
young an age. Proximity in space and time suggests
that the rhyolite of the Mineral Mountains represents
a late stage in the evolution of a complex magmatic
system that earlier gave rise to the granite of the
Mineral Mountains. Alternatively, the rhyolite vol-
canism might have evolved independently of the
granite, but has been partly localized where the crust
was still hot from an earlier plutonic event. It seems
likely, though not provable, that this large complex
magmatic system has also been the heat source for the
Roosevelt KGRA, with the shallow thermal anomaly
enhanced along the range front by deep fault-con-
trolled convective circulation of hot water.

This interpretation of a complex shallow magmatic
system is supported by limited available rare-earth
element data (table 5), which indicate that the rhyo-
lite of the Mineral Mountains had a magmatic resi-
dence time in a shallow environment for a sufficiently
long time to undergo major low-pressure fractional

TABLE 5.~—Rare-earth element anclyses of rhyolites of the Mineral Mountains

[Analyses by J. S. Pallister and H. T.

a chemical concentration technique.

Millard by neutron activation, using
(See Zielinski and Lipman, 1976.) ]

Bailley Ridge

Wildhorse Canyon

South Twin Flat Bearskin Mountain

flow flow "Mountain dome dome
(751.-17) (75L-60A) (75L-16) (75L-56)
La---—--—- 43.5 44.3 24.9 25.0
Cem————- 95.6 94.3 51.5 44.2
Nd-—-==~- 27.0 25.5 9.6 7.5
SM=————-— 3.6 3.5 1.3 .90
Eu-----—- .42 .40 .037 .035
Gd-—~~—- 2.8 2.5 1.3 .88
Th~——=-= .52 .49 .30 \ .20
Tm=—————- .38 .35 .47 .31
Yb-m———- 2.9 2.9 4.2 3.0
Lu-—=-~—-—- .52 .49 .79 .57
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F16UrReE 6.—Chrondite-normalized rare-earth-ele-
ment plot for two rhyolites of the Mineral
Mountains (75L-16 and 75L-17), showing
negative'Eu anomalies.

crystallization involving removal of feldspar. Chond-
rite-normalized analyses of two whole-rock samples
show large negative Eu anomalies (fig. 6), indicative
of major feldspar removal (Arth, 1976). This pattern
contrasts with that of some other voluminous Cenozoic
silicic rocks in the western United States (Zielinski
and Lipman, 1976; P. W. Lipman, unpub. data, 1976)
which show small or no Eu anomalies and appear to
have developed their silicic compositions by processes
not involving major feldspar fractionation, probably
because the environment of differentiation was at pres-
sures too high for feldspar to be stable. .

obsidian “Apache tears” from an eroded rhyolite flow
at the Cudahy mine about 25 km north of the Mineral
Mountains (fig. 1), as 2.382£0.15 m.y. (table 3, no. 6).
A large rhyolite plug (South Twin Peak) in the Black
Rock desert about 10 km east of the Cudahy mine
yielded a similar K-Ar age of 2.833+0.12 m.y. (table
8, no. 7). Marginal obsidian from a small body of
rhyolite at White Mountain, about 50 km northeast
of the Mineral Mountains (fig. 1), yielded ages of
0.43+0.07 and 0.39%0.02 m.y. (table 3, no. 8), the
youngest of any of our ages. The rhyolite at White
Mountain contains inclusions of a distinetive dated
basalt, indicating a maximum age for the dome of
about 1 m.y. (Hoover, 1974). This rhyolite occurs less
than 1 km from the nearest exposure of upper Pleisto-

cene basalt of the Tabernacle volcanic field estimated .
to be 10 000-20 000 yr old (HMoover, 1974). Basalts of.

the Ice Springs volcanic field, 3 km north of White
Mountain, are post-Lake Bonneville in age, that is,
less than 12000 yr old. These basaltic and rhyolitic
rocks together offer another example of a bimodal
basalt-rhyolite association in Utah. Thus, the potential
for volcanic-related thermal anomalies in southwestern
Utah is not confined to the Mineral Mountains. In
fact, White Mountain is about 7 km north of Meadow
and Hatton hot springs (Mundorff, 1970).

Another intriguing aspect of the rhyolites in the
Mineral Mountains is their significance as a source of
artifact obsidian. Implement-grade obsidian is rela-
tively scarce in the southwestern United States, yet
obsidian artifacts occur widely in archeological sites.
Well-known sources of archeological obsidian include
the Jemez Mountains in New Mexico, Coso Mountains
and Long Valley areas in east-central California,
Medicine Lake Highlands and associated rhyolitic
centers in northeastern California, Newberry volcano
and numerous small areas of rhyolite in eastern
Oregon, and Yellowstone rhyolite plateau in Wyoming
(fig. 7). The little known Mineral Mountains locality
is in a region where high-quality obsidian is scarce,
nearly equidistant from better known sources, yet it
contains abundant obsidian suitable for implement
manufacture. Individual blocks of nonporphyritic
obsidian from the Bailey Ridge and Wildhorse Canyon
flows are as much as 0.5 m across. Obsidian from the
Mineral Mountains has recently been recognized in
several archeological sites in southwestern Utah and
adjacent parts of Nevada (Umshler, 1975), but how
widely it has been distributed has yet to be established.

.‘/
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Ficure T7.—Well-known sources for archeological obsidian in the western United States.

Available compositional data indicate that obsidian
artifacts derived from the Mineral Mountains should
be distinguishable, especially by minor-element com-
positions, from those of most of the better known
obsidian sites.

Fission-track age dating, by G. A. Izett and C. W.
Naeser, and obsidian-hydration age dating, by Irving
Friedman, were conducted—independently of our
study—on selected samples of rhyolite from the Min-
eral Mountains. The ages determined by these two
other techniques provide a cross-check on the ages
presented above that were determined by the K-Ar
isotope method. Comparisons of the results of the three
techniques are presented separately, in the sections that
follow.

FISSION-TRACK DATING
By G. A. Izett and C. W. Naeser

Fission-track age determinations were made on sam-
ples of obsidian from the Bailey Ridge flow and the
Bearskin Mountain dome. The fission-track age of
the Bailey Ridge obsidian is in fair agreement with
the K-Ar age of the obsidian, but the fission-track age
of the Bearskin Mountain obsidian is anomalously
younger than the K-Ar age. Th sample we dated of
the Bearskin Mountain obsidian contains no fossil fis-
sion tracks; however, the age can be estimated by as-
suming the presence of one fossil track as shown in the
table below. The anomalously young fission-track age
of the Bearskin Mountain obsidian probably is due
to the annealing of fossil tracks from a recent thermal
event. The fission-track analytical data follow:



T 1 Digua avuuLr  Lue iearn,

AL — U.00 X iU yL

¢ Ps Pi Fission track K-Ar glass
Locality (neutrons cm™?) (tracks cm™?) (tracks cm™2) glass age x age X 106
106 years years
Bearskin Mountain dome 8,72 x 1ol* <3.37 x 101(2) 1.25 x 105(309) <0.02 0.75 £ 0.1
0.60 + 0.12
Bailey Ridge flow 0.5 x 101 7.89 x 102(3) 4.40 x 10%(213) 0.55 + 0.30 0.79 + 0.08

lsee table 3.

OBSIDIAN-HYDRATION DATING
By Irving Friedman

Four rhyolite lava flows or domes from the Mineral
Mountains, Utah, were dated by the obsidian-hydra-
tion technique. Most of the results agree with K-Ar
and fission-track dates of the same flows.

Obsidian-hydration dating depends upon the fact
that a newly formed surface on obsidian, such as a
cooling crack, adsorbs water from the atmosphere.
This adsorbed water slowly diffuses into the obsidian,
and the depth of penetration of the water can be mea-
sured under the microscope in a thin section cut nor-
mal to the surface (Friedman and Smith, 1960). The
rate at which the water diffuses into the obsidian is
dependent upon temperature and glass composition
(Friedman and Long, 1976).

The thickness of the hydrated layer (in micro-
meters) for the rhyolite units is tabulated below. Also
listed is the expected rate of hydration (in um?/103
yr) for each flow, calculated for an estimated effective
hydration temperature of 8°C and from the chemical

composition of the obsidian. (See Friedman and Long,
1976.) The calculated obsidian-hydration age is also
given, as is the K-Ar age.

Although the effective hydration temperature is as-
sumed to be the same for all the flows sampled, the
differing whole-rock chemistry of the obsidian gives
different calculated hydration rates. Compositions of
two of the obsidians are from table 2 in this paper;
the analysis of the Bearskin Mountain dome is from
S. H. Evans (written commun., 1976). No analysis is
available for the South Twin Flat Mountain dome. An
analysis for the North Twin Flat Mountains (table 2)
was used instead ; the hydration rate and calculated age
are accordingly uncertain.

The calculated hydration rates vary by a factor of
2.5, owing mainly to differences in the amount of
CaO+MgO. The chemical analyses were on whole-
rock samples, but the hydration-rate calculation should
be based on glass compositions. The Wildhorse Canyon
and the Bailey Ridge glasses are almost free of pheno-
crysts, but the Bearskin Mountain and particularly the

Thickness of Chemical

Calculated Calculated Corrected K/Ar

Rhyolite hydration index hydration age age age
um (£ 1 um) rate 10° yrs
um2/103 yrs

Wildhorse Canyon

flow-————=~ ———e 41 42.5 2 0.85 0.85 H
Bailey Ridge

flow-=—m—ec————eee 40 . 41.7 2 .80 80 0.79
Bearskin Mountain .75

dome--=-=~-——a-=—— 31 47 .4 4 .24 .48 .60
South Twin Flat '

Mountain dome--- 22 51.1(?) 5(?) .10(?) .25 .50

INo determination

W



South Twin Flat Mountain all have refractive indices
of 1.4847+0.0005, whereas Bearskin Mountain dome
has a slightly higher index, 1.4856+0.0005. The simi-
larity in index of all four glasses makes any assump-
tion of greatly differing hydration rates for these
samples unrealistic. If we assume that the chemical
compositions of the glass phase of all four samples
are similar, then the hydration rates also will be simi-
lar and the dates shown in the column “Corrected age”
should apply.

The corrected ages agree with the K-Ar dates, except
for the date for the South T'win Flat Mountain dome,
where the hydration date is about half that derived by
K-Ar dating. The reasons for this discrepancy are not
known, but we may not have sampled sufliciently to
find an original surface on the samples from this site.
Alternatively, the discrepancy may be due to some in-
herited argon in the sanidine used for K-Ar dating.
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tungsten in this area.- In 1942 Crawford and Buranek examined and
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The present report is.a rev1slon ‘of a prehmm is ‘ahd rea
thors) made ‘at”the request of ‘Senator Abeé Muarlt'iyocsltu((!n A is at first.s
and under the sponsorshlp ‘of the Utah State Department of p 3 ﬁanmg the celtl
“and Industrial- Development, .in cooperatlon with the Mj; e pediment 4
Metallurglcal Research Department’, of the University of U “t is coverq
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r es, or the U:'S, ﬂGeologlcal‘Survey,‘

mrthwest and a. parallel fine- gramed border. fames to the south east‘
The ‘same type of pegmatite was also. observed on" “the Big PaSS‘
1 mmer'jlr @t)perty in Pass Canyon representlng 1ts apparent contmuatmn
-of quat¥®veral thousand feet’ along the strike to. the" southwest
)rthoclm, Ratite, con51st1ng chiefly of ° quartz and: feldspar crystalsr .
Is ‘presez : B%ches across, has - been brecciated' and “recemented ~with- an’ aphtlc
Appre: ¥matrix. The strike of the pegmatite and the  dominant shearing in ™ .
the gramte 1s N 35° E wwith. a- dlp of 67° to the northwest... The

Moy

—

; In Robmson Canyon and Barton Hollow,
&BYOD there are several fine: gralned aplitic dikes lnjected between
breccxated pegmatite and the. nearly’ ‘vértical marble beds of the’
ve-mentioned roof pendant .They not only form' 1rregular bands ,
een the crystalline limestones and: the pegmatlte-breccra zone .
gmatite® “R‘paratmg theém from the rnain granite mass, making up the central "
one- dttion of the range,- ‘but they, are also 1n]ected into  and between . -
al, cr)? Parallel beds. of the marble ‘Toof pendant. " Thése bands follow.a ™
‘sl’ecmon .of N. 352-E, parallehng the strike of the beds in the roof

Rdant and- usually show_ a dominant Jomt system parallel to thls .
ﬁi’ke and have a steep dip northwestward into the range. ' - "2 <
. These aphtlc border faaes are hke th parent omtrus ve, gray

SODS can b
R’E‘Ped “mlcro-tactltes

m e, Omatlc replacement of the hmestone

operk. h PProximately fivé miles ‘northesst of the aplites; mentmned,

ning °P°°\1trmg along the southeast flank of the mountain face northeast"

agfib ass Canyon, is'a similar border facies of still finer-grained rock ..
et ich iy tentatively regarded as a rhyolite intrusive connected with <" " :

to lar ger granite body. It forms a relatively large apophysis with the» -
Mgated direction of its outcrops nearly at right angles to the range.
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.in pléce,_but was exammed in many ‘ﬁoat sarnples collected
“foot of the range northeast of Milford.” Similar material of
and banded reds, browns, gray- greens "and blacks, some of
- contain ¢hristobalite” inclusions, crap out north and east of
Rock and east of Pumice. The ob31d1an is “known locally as ﬂ,
was widely used by the Indians as a source of material for ‘g
‘ ,heads and other primitive artifacts.. - ‘ :
. The origin of the volcanic glass of . the Mmeral Range igw
-known, but is believed to represent rémnants of the great rhys
-similar silicic flows.that originated in the region north of k4
. .Rock, rathei than Telated to. the flows of the Cove Fort arep<
.jrhyohtlc Twin Peaks, .for -example, of Millard :County, are’] " aolitizati
' .Femnants considered to be at or néar the orifice of eruption’ d_. wi:m zoic for
‘least_one of these more acid phases of vulcanism, and further, thaless resis
ably have a common genetic affinity to the pumlce, obsxdmn ’ " Rutler,’
tuﬁ’s of that sectlon of the Sevxer Desert L : et a few T
quartz1
lossxl e
-mbers 1

varletles representmg transmonal phases of sedxmentatlon. F

. are-absent in much of the strata, but ‘thére is reason. to believe {
- the rocks belong to the same: sequence as those found in the
‘Franmsco sttrlct 16 “the west where Butler has descrxbed

tremohte deposn:s,y at 'the northwest po A
] > 1 a551gn1ng the quartzntes to 'li?

Ny The exposed portlon of the quartzxte is " estimat d to )
A.‘thickness of 1,000 feet, and from the. cursory exammatlon of G
writers; it appeared comparatwely umform throughout Much :
.the hmestone i§ 'also. qulte umform, some- showmg ‘a thin-be e¢
character w1th mottled 1mpur1t1es chara}(l:terlstlc of the Cambnan 3@
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d Basin R«Bﬂgﬂé"
ith faulting

bon the OHM'

fossd ewdence, ‘he. has a551gned “the sxhceous and "arenaceous
embers near the top ‘of the limestone series to: basal’ Ordivician,
and by inference, has suggested the.gréat thickness of underlying
fimestones as Ordlvxclan and’' possibly Cambrian. - "Further, bécause

‘the quartzite, which he” de51gnates the Morehouse’ Quartmte rests

upon the limestone, he suggests that it'is the Ordivician and Silurian”
Jbge, representlng a normal sequence of deposition, the quartzite
€ing younger than the limestone. - Assuming that the so-called More-
ﬁmlse Quartzite is in ‘fact the- Tintic- Quartzite over-thrust upon the :
‘estone then the description’ glven ‘by Butler of" the San Francisco .
ange limestone- -quartzité sequence correlates with the: sedlmentary
eries exposed at the noriliern end of the Mmeral Range.
bak On the east ﬂank ‘of the range, 'in the region embracing” the
Basin and " canyons north thereof to. ‘about Bearskin Peak, the
o lers have had occasion to examing .various cutcrops: of the” sedl-
tary rocks in conjunction with investigations ‘of ‘certain” are -
dﬁ"""’s‘ Here, the' strata strike northeastward With"dips: to th
theast The quartzite - (Tintic?) exposed is similar to that de-
at the north end, except that " it apparently underlles the
one and overlies the gramte “thereby being in normal sequence.
thlcbmess of the quartzite 'is approximately that ‘given for’ the
 end exposures, although it may “be” greater’” The" hmestones
lie“n ergone severe metamorphic alteration, du€ to-the 1ntru51on :
28 main gramte mass,”and to a lesser. degree from’ the inj ctlon .
offshoot” 5111c1c dlkes, As a consequence the‘ hmestones now
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ips. The faults ‘also- have a north-south trend
ut’ generally “aré more highly” inclined"'as they
> ssSthe sedlmentary beds. "Butler?; asmgns the hme—
ectlo ones'm the v1c1n1ty' of ‘the, Cave Mine, - about sxx'
from Mlners "'Ile, to “the” Carbomferous.

ao’ﬁw—’

ltervals‘" Pe orth

56 '
£ the 2° R’s’ holdlngs, suggest “that a more or, less. contmuous belt

of - Carbomferous formatlons extend froxn the Cave_Mm»e area “to

lrom the” Cave Mine’ to the a ea: “of Ehe Llncoln Mlne. .
flhmestones,‘ quartz1tes, ‘and shales. y.Creol

mtruswes, ramlfymg off-shoot dlkes, apophyses, ‘and’ sﬂls, have‘altered
Eto a high’ degree much of the sedimentary rocks to- zones of contact’
metamorphism 'in which most of the metalliferous’ore bodies’ have®
been formed. Such i is the home" or host-rock of the Cave meoln, :
Creole and other mmes of the’ reglon .

Mesozoic' rocks are exposed at the south end of the range from'
the atea of the Creole Mine eastward to where the sédimentary rocks

is strike p. g are buried by the recent flow- sheets, tuffs, and volcanic breccias,
rly ‘6ne-thirk *and northward to Pass-Canyon: They- 1nclude the variegated shales
stency. Ew‘ and intercalated limestones of the Moenkopi; the sandy conglom-
those whi erates of the Shinarump; the, varlegated shales and sandy shales of
inyon no the Chinle; the typical cross-bedded massive sandstone of the NavaJo,
and Contagst and the ﬁnely crystalhne limestones of the Carmel. - The measured
1eral” compdl ‘members are much’ thinner than those present-in the type localities
ie that or:4¥ of southern Utah " This i is partlcularly true for the Chmle and Nava)o )
esent. Sorfek formations, " - -

East of Mmersvﬂle, the Trlassw Red Bed formatlons (chleﬁy

1uartfz1te b
pEba Moenkopl) cross the Beaver-Milford Highway. The north-south ridge

Pass Canye¢ “mIDEdlately to the west of the reddish shales and sandstones is the .
ge-l}}_{e kney hmestone of the Moenkopi. - In general, the strata are inclined -
sedimentarfiy: to the east. at a comparatlvely low angle and strlke dommantly to s
that have’ ¢ north or northeast.” . )
The ' granf) " The 31% Pass progertx (Strateglc Metals, Inc) is tentatwely
eds. - At t éul‘)“gh('- to be In Permo-Triassic rocks. Approximately Lne-quarter
act silicats of o from the main tungsten workings, reddish to chocolate
dissimilari ﬁﬁs cross the Big Pass road. Because of the ‘abundance
S apparentiis:: Cherty nodules in the shale, so common to the Moenkopi and”
>eheved th“ Chinle bhorizons of southern Utah the writers feel safe in.assigning

i : o the TriaSsic, ,Vv‘h—ether the shalé represents a portion.:

.the Moenképi, or the basal Chinle is not known. . The Shinarump
lomerate the usual marker. of dlstmgulshmg between these two’
ers ‘was not observed in the Big Pass area, although ‘farther’
i'ohe conglomeraté‘ is* exposed - at" several pIaces. ‘Should thls
ﬂ\ale be the, Moenk pl' then the altere

ﬁ\. and, to *
’by of tbe




. > : Jan mt
phase The severely crushed: nature ‘of ‘the hmestone, howg;;.

" cates movement -6f mdreé than” minor*faulting. - The lo )
.. w E
of the fault contact plus the con51dered dlrectlon of movez?:(:gl~
gests” th rather than , and nt_.
-xelated, -in_part at least, to the 1rnbr1ca§§ structure of the sm&!g-
tarv ‘black south of ‘the Pass Canyon road as recognized by Den:

“The altered limestones, sandstones and shales of the main work;

Permian, as the st .
" dip' indicate that they underlie the shale. The north- soug;kefa

Canyon,
75 0 ath

verse br

Wd from E

ite tongu

“which terminatés the éastward extension of’ tungsten ore, coulgd’
Bald Hill

: of sufficient magmtude to abut older rocks, perhaps Carbomfe ;
-against_the Triassic, and consequently this possxblhty should no

" precluded.” The rugged expression of the topography, plus the
. plex faultmg "of ‘the strata, makes reconnaissance geology -.,..
. The ‘shale and: sandstone phases of the “Red ‘Beds,” near the’

triassic rocks known ‘to the writers, although ‘inconspicuous rem g %\e\ are sub
nants of these beds may extend several miles northward along uu;x x,,gkl\lri!lg C
east flank of the range. Several pieces of reddish sandstone, lith ‘ .;ost-intrUSiV‘
logically resembhng the Nava]o sandstone .of the south end of ] Pre-intrt
‘range, were found as float approx1mately ‘threé . miles north of thes south portior
Pass Canyon ‘Road _near ,the head of Cottonwood Canyon in : jte of the n
mhed to a
Further, the
10 feet in !
tn barium,
contained gz
!'unestone, q1

Oak - group of tungsten claims.” A’ search was made: ~to.locate thg'

"sandstone member in place but it was ‘not found S
Triassic formatlons ‘exist

S may hays “feast to this point and perhaps farther alongs
i : This explanatlon is tentatlvely suggested? i
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:The presence':of hot* sprlngs along the west ﬁgn!g as
fdescrlbed by Lee suggests that elther fr1ct10na1 tensmn fof‘c.es ‘stlll
,,mterplay ‘along” the fault” zone, Or th P X

’mcks is stlll bemgv emanated Elast-west faults - cro'ss the r nge’m

Wuld be gramte tongue from this péak tow
iferous the ‘Bald Hills, aré indicative”

not be ’ The- relationshlp of the granite ‘1ﬁtrusi’ve “to'. thej maj'or 'uplift:

of . t least three unportant epochs of faultmg have been’ recogmzed
ous’ rem:

They are subdlwded as follows: (1) pre-intrusive faultlng (2) fault-
ilong the | ing during ‘or. 1mmed1ately subsequent to the 1ntrus1on, and (3)
ne,; litho g post-intrusive: faultlng L LB
id_ of - the .Pre-intrusive movement has been noted at both the north and
h ‘of th: §-south portxons of the range. The great thrust block of Tintic quartz-’
1 in the ’tte of the north ‘end, in the vicinity of the tremolite deposits, is -

h of the § 3 - arched to a slight degree by the near-surface granitic intrusive.

cate the f& Further, the thrust plane-consists of a breccia zone approximately
Id Jura- E 10 feet in thickness which has been mineralized by solutions rich . :
head of f:in barium, sulphur, and- lead; Several ‘prospects along -the fault . ik
Isewhere coutamed galena ‘crystals” embedded within a gangue of" brecmated e
er along estone, quartmte and ‘interstitial barlte. _Accordingly, the writers . .
iggested § 3 feel safe in assigning this fault as pre-intrusive—perhaps related to

(deter o the great Laramide orogeny of late Cretaceous time that affected
f a mile so much of the Basin and Range Province of Utah. In this con-

. Bection it is of interest to note the Laramide thrusting as mapped
‘by Maxey and Dennis* in the Pavant Range, east of Fillmore - and

jed as 8 \anosh where Tintic quartzite is faulted against Navajo sandstone.”

lirection ediately to the north of this area at the south end of the Canyon

1y east- ge (locally called the Oak Creek Range) observations of “the’

e range ; ¥riters indicate that the Tintic" quartzite here too overrides ‘well’ S
in Peak gver one thousand feet of younger Paleozoics. The quartzite block - .-’
sions of "} makes the “capping’ or upper reaches of the range and is: plainly = "
ta were ‘s sible from U, S. nghway 91 a few miles north of Holden. Fur-

nsistent r, the flanking foothills. o the southwest portich of the Canyon

Xt €. igneous™ rocks. a.thhe hot spring ' zone extends far. to the south into
tesDesért. Lowlands. Thermo, ‘a. 'station’ on: the Los Angeles-Salt Lake-Railtoad,
bécause of :the; presence of hét springs. On the othef. hand, -the recency,.of Jsome
Ctustal dlsturbances, also reflects -the possibility -of present ad:ustments'along' the
ault whlch undoubtedly would’ szenerate heat ’ e L




ected 0" apparently weak solu
ver certam areas: -Many authorg!
contnbuted to the" literature on the tegional” Laramide deforns
of late Crétadeous “or- early Tertlary time ‘with Tespect to it~y
,upon Basin ‘and’ Range structure, but mention ‘of them ap
works ig purposely omitted because of their widé' recognition;
‘above mtatmns -aré brought forth because they pertain to g S0
of “Utah Whlch “@intil recently was not recogmzed as havmg
one severe thrustal adjustments. -+ ,
As® prev1ously descrlbed the sedlmentary strata south 0}'
anyon are offset by a number of overlapping faulfs that caugy”
mb_ncat “repetition of the beds at least three times. These faultg h:
‘&’ general north-south strike with an ‘average. dip of approxirigs
~45° to ‘the east,-are more highly inclined than the strata; an
the_ north-end thrust are -believed , to have' resulted from west
" compressive stresses during Laramide times. Since” then, the
graphic umt(s) have been tilted to the east, perhdps due to the gre
itic uphft ther pre- 1ntruswe faults ma ex1st but as yet co

: tlon is undetermined: e Y rrelm The Contact;
Faulting ‘during” or 1mmedlately' subsequent to the mtm§'  qties strikes ap(}i)

‘is dlﬁicult to interpret. Determinative criteria which form the basts; fend of the mic:
for such "a” classification’ are: relationship “to known pre- intrug ' JBSSOCIated with
rnovement -éffect of the’ 1ntru51on upon ‘believed contemporaneg Llt at the base
dlsplacement ‘and structural and ‘mineralogic. setting for fa o the area betwi
roofrpendant units. The first of the above factors can be expresa& susly visible from

with a falr degree of certamty. The other two factors are tentativ me the Milfori
-  done ﬁankmg th

presses the g
contact metaznor
mind to expect. 1
which are_founc
from Miners"\{i(u?
Jntact zone is
bayed and Teplac
ol toltheir*s_t;:;k

Lwesterly” from

ost-intrusi’
in“lted against 1
: gestlvetof a;
the east-wes
w is not “conclus
pvement is evidc
v shcken
gg‘mte and- sedlm
.the granite. .
ast portion of tl
-.cent movement

and p0551bly more normal faults cut across _the thrust
_the downthrow “blocks being to ‘the west in eag
These‘ fa}ults strlke approx1mately north-south ‘with steep dlﬂg ;1

norrmal fau ts dlsplace

ey S

> poraneous “wit j ; siqn although it ‘ garnet lense
faultmg may.be pre lntruswe—the result of relaxatlonal ad]ustm thin, relatively, e
1 Yof sive ; and’ zmsﬂ:xzed n

ther: to the' mtru ion or pre rntruswe
X me'i-,'and beheve the m
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eontemporane'o'us W1th “OF pn(’)r( to. the ‘intrusion. “One” of'fi the'” prom-‘
f, thls 'group is the low-angle thrust -(of" gr{imte upon‘-,

erties strikes appr0x1mately north 35° east para]lel to the general
“trend of the mid-south portion of the range. On the east flank it .
‘is associated’with the large roof pendant which occupies the foothill.
-belt at ‘the base of the mountain slope and which, partlcularly
" in the area between Pass Canyon and Barton Hollow, is’conspicu-

. ously visible from the Milford road a few miles west of Beaver City.
From the Mllford road - the: wide band of white marbleized lime-

_impresses the geologlst with "the. strength and character | of 'the’
“contact metamorphism .caused by ‘the intrusion, ‘and prepares his
.mind to-expect the garnetites, epidosites, and other tactive bédies -
which are found between .thé marble and the intrusive. North -
from Mmersvﬂle and also in the v1c1n1ty of the 2 R’s property,. the’
“contact zone is. more. 1rregular as -the. intrusive has generally em-
s bayed and’ replaced the sedlmentary strata across rather than paral-
“lel to their’ strike.  Nevertheless,”a definife’ garnet crystalhne lime-
'Stone zomng of the sedlmentary rocks 1s ev1dent ' :

. relatwely even-banded zones of pale yellow1sh -green epldotlzed
‘and _zoisitized marble’ beds within the crystalline limestones in ‘the '
outer contact zone' next to the marble and away from the 1gneous :




i)

= ey

Pl

b
-

e scheehfe ore
e successwe fa(

occurrence is shown in the ‘Plan view’ of a” portion of the'

Gl S

4
o

KLy

g g “knpwr as the Garnet group of Claims being o

& perated b

%% Metal Mlnes Incorporated shown herewrth as Flgure 5.. y the ] best d3e veh(
e s o Zone w
N S The Mmerahzatron, where the contact is comparatwel b feeders
o ve been

as in Figure 5, and where ‘the ore channels Havé not been d ha unded of entra

arnet masses

! ]‘temthmt e

e ,dosrte Of ZOU

and comphcated by too many faults, seems to have followed a
_ sistent pattern. "The zonal. arrangement .going ‘outward from
mtrusw ‘1ndlcates (Wlth 1rregu1ar1t1es and exceptlons) a

gr\VlSe very sim
el reveal in the !

gramte usually marked’ by the absence of biotite 'and the rela(i”’
abundance of pyroxenes, amphlboles and mlnerals of the ecpiduti®
chnozorsrte group. = - L . b

o (3) A narrow, ‘more or less crushed zone, occasmnally mat
" with selvage, giving: evidence  of pneumatohtlc and hydrothermg
L altefation, and characterized by such .minerals as fluorite, muss
o vite, tourmahne, scheehte, and molybdemte along with later hydss
- thermal minerals such. as. chlorite, damourlte ‘pyrite, chalcopy
and galena, which, seem to have followed older channels of escapg:
'of the rnoblle constltuents dlstllled from the crystalhzmg mag
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‘The scheehte ore is; _found to a greater or lesser degree through-_

scheehte within" the® garnetlte, or éven’(less characterlstlcally) within'
the epidosite of -Zones 6 or 8. On Dutch’ Mountain_ in":the Gold Hifll
District thé writers have observed high- grade masses of - pure scheelite
tolated wﬂ:hm ‘marble” roof” pendants ar con51derable distante from
iy garnet or. other contact. silicates.” -However, .no "such . examples i
ere found in nthe"'Min ral Range "é"v‘en""'tfio'ugh"‘tl'ie'.'”relatiénship"'of
‘the- roof pendants ‘o theé tactite zone. and “the intrusive - body is
‘otherwise’ very ‘similar.”" Prospecting’ w1th the fluorescent lamp, may
,epldote- yet reveal in’ “the Mlneral Range the ex1stence of such< hlgh grade

I “pockets.”-" ¥
; ‘mark:{! . The tungsten deposxts of the Mlneral Range are strlklngly sim*~
othermal ﬂar in both the characteristics 'of the scheelite (the only ‘tungsten-

. bearing mineral ‘noted) and ‘the 1 manner in Wthh the scheelite occurs.
All of the deposits’ examlned “are- located in ‘contact ‘metamorphic
rocks adJacent to the granitic intrusive.” Nearly all: of the $cheelite

»(Iz’opgiilt:" occurs in tactite as small disseminated crystals” that .fluoresce’ cream
magm: - to yellow in color.under the ultraviolet ray of the “Mineralight,”
- _indicating the presence of molybdenum isomorphously replacing part’
£ garnet E.of the. tungsten in the scheelite. Pure 'scheéelite which fluoresces
nes soft " blue-white and occurs in large . euhedral crystals is, present in relative
mentmg : gbundance on some of the claims, but this varlety is rare when the
:n};{oml;ﬁ eDosxts are considered’as a whole TR e e A

> Because of the presence of scheelite in ' mést of the tact1te zones
exammed ‘it'is not unreasonable to assume that pneumatolitic solu-
tions contaxmng tungsten were expelled- along the periphery of the
granitic intrusive and that wherever physico-chemical conditions were
tlavorable, scheelite was deposxted Thus the possibility exists. that
,g,&heehte also may be. present in gther contact rocks of the north
ereeast, south, and west ﬂanks of the range. o P

Py -

: The tungsten occurrences of the Mmeral Range are by no means
Nncted to one ‘or two propertles, ‘and no doubt tungstén deposits
&re present other, than described in this report. " Time- did not ‘pers
it an exhaustxve study of edch ‘deposit, nor wis there.opportumty
2. even visit ‘all 'of "them. - The .original assignment

inary” examinations. of the" Big. Pass, the Garnet and the Con-
tact ct properties. " However, because of the close rela’clonshlp of’ these
deposits’ m geography,.structure mmeral ‘association, and” gen-
esis to others in the immediate v101mty, it"seémed advisable to include
:Orief summary _of “such facts ‘as’ are known, regardlng the ‘adjacent
- Posits. Further ‘incentive was ‘to gain a better’ perspectlve of tha™
Posits j in questlon w1th relatxon to ‘the- mmerahzatlon as” a whole.
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s’on Y
] ST ’the__’so"uthef'n' nd f the Mmeral Range “éast o
w0 prom nent canyons dr_ammg in opposxte "directions “have by, ea -
‘ard eroswn formed a Tow pass i F_the mountams over'whlch o'i'e R

find supphes were once ‘rexghte W1th4 : ver “and’ "
i’es‘f’apprommately “ten’ mlles '.to

ion ‘of 'th& Pass’ Can

: volved People mterested in'three overlappmg ‘groups. of clalms‘w re
in htxgatxon. In order of the chronology of ‘their location’ these groups
.J were: theé Hope Chest group “of ‘three claims, the Contact .group® ‘of
g hvelve clalms, and the Lucky Lu group of five claims: Consohdated
;08 -they now are they comprlse approxunately the equlvalent of

¢~ The. property is ‘not a- newly dlscovered mlnerahzed area. “Prior’
rﬁ 161900 ‘Claim No."5 of the Contact group was worked for lead, silver '
" and some gold. A large portion of the underground’ workmgs 'shown
on Figure 4. was developed during this eéarly activity.: Howevér,
with the cessation of the. ongmal mining operations, the property
was idle until 1937 when the Lessmg ‘family of Beaver County oper-
ated a certain ‘section - of the property for” gold 'which’ occurred in.
hlgh grade but’ “spotty .pocKets ‘along’ thé “contact zone in 'y Whlte"
rystalline hmestone. After the discovery” ‘of ‘scheelite’ 6 “the prop-‘“
erty three sets of claimants asserted’ their alleged. ngh’cs and’ becamé**
involved in a lawsuit for ownershxp By stlpulatlon, it was- agreed to’
end the - suit by compromlse so that ‘the three contesting groups of
‘parties shared in-the legal title. ‘A< a result, a° comparatlvely 1arge
.dumber of | persons now own fractional interests in what is tentatively
“agreed shall be known ag the Big Pass group of claims. Mr. Ambrose
CGarry has recently acquxred a ten-year lease on the property

S The ore deposxts of ‘the 'Blg ‘Pass group of clalms cons1st of

bpxcal “contact rietamorphic” deposits, together with soime later
l‘e-replacemem: deposxts containing gold silver, lead, copper, zinc,"
manganése. - In many " respects these ore bodies are. similar £0~
\he ore-bodies of the Garnet and Contact propertles (to be ‘described:.

te’-')'c The values oceur in“zones of. tactite varylng in’ composition
lnd texture from those composed chxeﬂy of. garnet (either the tough,
“variety or the: -altered, ‘maore_ friable. ‘type) ‘to those which con-
:L:lt primarily, of epxdote, 'wollastomte, tremolite, ﬁuonte, pynte, and

cite. All contain: scheehte 19 “ariable amounts.
Aain mass of gramte extend irregularly mto :

+ Totiges Hrom the” main 'n‘x‘as
etamorphiosed sedxmen ry. tocks ‘which'in this vicinity form- what

beheved tobed lar e roof pendant‘ on the ﬂank 'of the mam mtru-».'

m

. 'V
sed thh the “Contact Group» [
Contact Group' and’ "Garnet Group :

E

of: clmms should not be confl:
" discussed \mder the captions




f
e character ‘o
ed ¢ t’hc(,ncernmgldth‘
“““ dulg ; )
erally anc} upward along favorable beds as metasomatic replaces # Lain of th:::rgas in
eposits. "N6 [promising  mineralization was noted in. the g Howble ’ As it
proper. lees .and sills. of _pegmatite, "aplite, and a dark unrelia ntalns con
appearing fock(rich in ferromagnesian minerals) ‘are not unco c((i) scheelite.
as apophyses of the parent 1gneous body, and occasmnally they Ztel y 50 feet
Foafbi : m
smal}l amounts of -ore: mmerals. R Qpro;pose on the

v. cest

: : 3 65
o - th ‘Lessmg faxmly and the area where most of the tungsten dex «,ﬂwrs) ,% SaYEd [
o opment - is- now  béing’ carried on “is a prominent-zone of ¢q . epetrate ¢ the ‘mgh
it “ metamorphisii. - Her “the - original’ ‘sedimentary’ rocks have 5t '8Cent °

L

A : and:
“changed to an area Jof - beautlfully colored” (predommately el :r:sh ?i(%led %
_,_;yellow, ‘and brown) ; ‘serpentine, ophicalcite; and finely cry i ssure SYSUe

marbles’ contalnmg Wollastomte and short-fiber chrysotile (asbes

in isolated blue- fi;l]or

e
‘This area was- ‘1amped durmg the mvestlgatlon but no schegl ‘!“ Ay parallel to
was found B

. \ mdlcated by t:e slic
- 4 ' the ore zone. H
gh(x’ch strike with the:

mutherly direction,
¢ During a ‘night 14v
€18 Jocated the source
of the prornment ridg
“workings. This newly
¢xposes in a short ol
mising blue-ﬂléores_n

in excess O

:,ahlrtye crystals embed¢
1o a white crystalhne X
ade scheelite ore is
meral often surroan

- tenor of the ore, however, is variable: from’ p]ace to place. Most‘%‘f

~ the ore expésed in these trenches will average less than -0.50 per ¢
- WOs, but it ‘i5s not uncommon’ to get small, highér” grade stre
“carrying from 1.0 .to 2.0 per cent - Using ﬁuorescence as 4 crite
o estlmate quality, it seems apparent that much of the ore in.
‘ open ‘pits, and trenches can be cla551ﬁed as ‘a” good grade mill

" Although the’ ‘geology of* these tactite Zones has not been wor!
outrm detaﬂ there apparentlyﬂemsts a con51derable tonnage o!

Productlon of tur
fhg tactite wh hich was
erty ready for. shipme

i)Slderably m appearance Some, containing large quan:
itie (of ironForiginally as” have been oxidized and weath

to aibrowmsh yellow porous_rock whll_e others composed c}ueﬂ 6l Transportatlon “fz
o 9 " %

Hrond from the Pass (
ructed’ under thé au
eretofore, the prope
development; has’ beer

the Pass Canyon _roa
> S : : 3 io.
Development was orlgmally carrled on, “as men 1oned “previously;

in"search of gold, sﬂver, lead,. and coppet. Figure No: 4 shows thEgzg:
workmgs ‘of the largest of these ‘operations. The main “‘tunnel pl’W
: . arrylng‘ the sﬂver-lead _ore. Stopes and

stope ’approxunately ,OO "feet from the portal ‘of ‘the. maln‘ .
: 'galena, ceru551te and ‘jarosite



os, were very high
oved. ‘spotty:’

; they" p_rqxe_d

ls) .are not y

d"occasionally,”
ot S ally

s expose

etposedin this
“Showings -

Grab’ safnples *(nof~ta -hy
946 per. serit. WO, ~The limestoie
‘and highly shattered.
| e limestons &t
, ‘and finely * gry LIS rushec anc brouen, Sare. ich contain small crisseross’: -
AN ,?Iy . erystallizEs fissure systems filled with' limonite. ~ These ‘veinlets- occasionally ‘con-.
~parysotile . (asbestos! | tain isolated blue-fluorescing, scheelité crystals: Evidence of faulting,
0 scheelizgichiefly parallel to the “ore-drift (alsc parallel to the granite contact)’;
- ts indicated by the slickensided “hanging wall” exposéd by ‘the drift. "
into the ore zone. Other minor fault zones “are.also exposed, most of’
which strike with the drift, but vary in dip_from’ steep to gentle in’
1 southerly direction. iy SR T LT .
- During. a night’ investigation with an ultraviolet lamp, the writ-
“ers located the source of-scheelite “foat” found on the west side’
of the prominent ridge some 500 feet east of the nearest tungsten
workings. This ‘newly discovered. outcrop was prospected and .now
€xposes in a’ short ‘open” cut ‘and’ a ‘shaft 50. feet .in depth a very -

Promising blue-fluorescing schéelite ore zone ‘which it is' believed will | -

pproximately” 50, feet” and 't
est ‘exposed oh the property
iters) assayed-3.65,.2.75,"a

penetrate ' completely
Adiacent to “the "high-grads “zone," sectic
extremely crushed “and broken, some of which ¢

m.srenches which cros
. every instance. Th

lace to place: Most o
les_s‘ than 0.50 'pex? Scte!:?
higher grade  strea !
rescence as-a criteris ¥
uch, of the ore in the}
good grade ‘mill ore
has ‘not been worked
srable tonnage of thit §
te zones strike" nortt §

scearry in excess of 2.0 percent WO,. “The scheelite occurs as-coarse ™

.white crystals embedded in ‘green, lime-rich . contact rock,- adjacent
a white érystalline marble bed which parallels the ridge. The better

ough a lesser " ‘ - N
ihe_a:sf,r’l'hei: ;1‘1,1;;1:&5 grade scheelite ore is invariably associated with fluorite, the latter
S o e ;,.‘eral often ég‘x;roﬁhdj‘n\g_ the scheelite grysta!é. SR

% Production of tungsten ore consists of 50 tons of ‘scheelite-bear-
dized ang - "y ing tactite which was' Hand-sorted, s_acke_di and stored on the prop:
ol weatheret fderty ready for shipment when road facilities can be provided. -
omposed chiefly o : N S T »

re massive. A third
‘I more massive and”
duterops and ‘ridges

N

t.- Transportation facilities are good. ~Approximately 3500 feet of ;|
Mad from the Pass Canyon road to the main. workings were con-
o Rructed under the auspices of the U. S. Grazing Sérvice during 1943. "
R tofore, ‘the propérty. has been inaccessible because.- ' most of the' -
Sevelopment has been :confined to ‘an’ area roughly 500 feet above.
3¢ Pass. Canyonroad. Ultimately, . if 'the ore:bodies’ now. exposed
the higherelévations prove of ‘economic importance, sinking must.
tecessarily be'dorie $o foll ; ore
e it. might'be wise to ‘d¥ive a.tunnel’in & northerly-direction from'
',s'mtab}s te at the base of _the hill, preferably on one’ of the, tactite
wgl:?,: intoand under the’ ore-bodies now .exposed.” Sucha ‘project
rod Bavels twofold advantage, for i would not only develop ore,
% depth, “permitting stoping methods’ of “mihing to- be “utilized; but.
ﬁi‘é‘"ﬂd have ‘an “additional advantage “of ?-séx_"'vi'hg ‘haulage laterals
'g;el;pth which “could " intersect'each :tactite ~(northeast-southwest) -
apparent on the property. .} . .. e ) o e

4t

‘:f"

to follow the; steep:pitching ore zones.. At such':
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The cldims are 1mmed1ately southwest ‘of the Oak group See p

‘2 The property is covered ‘by three unpatented claims contry 3 Further inv

"ot erl.bearlng

E e extension
Ocourrence -of the scheehte 1s conﬁned To-tactite Zones in’ '

morphosed hmestones near the main intrusive, It is’ typical off% ,
tungsten deposits of the region. The’ hmestones of Little Well.¢5
yon' have been’ sub]ected to varylng degre s of metamorphlsm.

Vth_e S_pur. southwest of _the wash arld belo \the old hme kﬁn’

tactite body observed is located geveral’ hundred feet northwest’“-‘
.the lime kiln and is exposed by "surface trenching and a Shal!

. shaft. It consists of a vertical band of massive,’ browmsh gam

‘approximately; e1ght feet™ in thlckness whlch _strikes “to” the nort g
‘east: Small vugs in the“massive garnet are lined with brllhant eub
ral : and subhedral crystals. Green. ¢ ‘contact’ 51hcates . were noted

accessory mlnerals\ but they comprlse only
the rock mass.‘_

) s
' ﬁuoresc nce

~e.re stresse
M

g8 v.bere 1t

‘aubjected to-
@"" Scheehte

e, the ‘strike Beilié‘..gor wi
' Because “of insuffiéi u: exposurv s,

> oiild not 'be accurately. ined ab
mum 'f_ four"feet 'Grab'._ samples taken W 3 negatlve‘un d ;
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lo elieve that the sedimentary series -

re is reason.
oW being Prospected “are g
ndant :slive, of _rather narrow. -width but’ o_i_’.’cons'idézj‘able_ :
» the h‘):ng -di,ijection" being 'northeastfsouthwest; ‘the apparent e
P being ¢, the sdhj:hgasté'._The sedimentary ‘rocks ‘now existing, '™~
] tactites.' and éoa}sely, crystal marbleg have been impregnated
. ‘tungsten-be it ions | 3 :
g‘;re Stresseg, is is’ '

both undergroung -
-in- a_light- bufs-

Jof: the -
,;st;paf_:i'g'fgphi{_f
the .Southwegt .
outerops on
pected here.
l'shaft-wiﬂi.' A
cated g sli_drgf.

¢l and several hyy,
°R of: the tactite of. th




ﬁve-fdot ’Ievel of the new'wm-kmg “the ore’ body,
appears promxsmg _Structurally,

béen started at ‘the: face éf ‘the ‘drift ‘on-thé thlrty-ﬁve-foot
following the ore; T q i:ontmulty in str;ke an

“eastward’ trendmg dnft Naturally accurate surveys should be

“before any contemplated development ‘of this "type ‘should prog
“also because of the “rolling” nature of the ore zone thus far dex
oped, ‘enough work should. first be done in ‘the winze in the
" shaft to assure.a contintance of d1p at.d’ ‘consistent” angle‘ Car

ed away. from
tiths sedlmentary roé

eologxc

df, the comj]

stresses “during

ing of the roof

,‘wsedlmentary ‘sery
opme

ttomed at com

be an advantag

ow but relativé
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¥ The 1ocat10n
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twely ,
tact Fractlon 1s a. sh
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parently"th
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bre again struf 5 Bame from the abundance of - the™ mmeral garnet ex1st1ng in the ~
Measure
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hk’ely. The Garnet is
et Fraction is d. short ¢l m’ ‘of only, 1’
3 fu claxm w "h of 600:_ feet Garnet




“surface of the topography, two vertlcal shafts have been m,\
prove the ore-bodies at depth. The new shaft, now in use, hagha
sunk on the middle Farnet zone to a depth of 100 feet with )
-~ drifts’ on ‘the 40 and 100-foot levels. Flgure 5 ‘shows g mis
 plan view of a’ port10n of the clalms w1th the workmgs of the 403
» level superlmposed :
. ~On the 40-foot level the scheehte bearlng garnet contams "
. types of scheelite "deposits:“<(1) a finely dlssemlnated scheeh\e
_ garnét, which has thus far ylelded two cars of 0.70 ‘per cent \\,
.and (2) a richer but much more spotted vein:type of scheelite, w
“apparently ‘deposited in shear zones-and joint planes of the
“host rock. Both typés of ore ﬂuoresce ‘yellow 'to cream. unde,-
“ultraviolet ray ‘indicating the presence of molybdenum The
*'zones have' a général - northwest ‘strike, with’ steep almost vert
* dips.” ‘A’ less prominent $ystem strikes N. 25°:to 30° E., pamallel@.‘ﬂ
. the dominant trend of the sedimlentary beds in tHis vicinity. Thls
"high-grade occurs along these breaks with disseminated coarse sche
ite crystals penetrating approximately one-half inch into the adjg
. cent wall rock. Whether or not these high-grade streaks represm
. a second phase of ‘minéralization is not. definitely known. 1t w
T ..noticed that the ﬁnely disseminated type of ore was usually con
"to a softer and ‘more altered garnet rock than the tougher ‘|
friable rock adjacent to the. hlgh grade streaks, _This may indicati
- that the disseminated:scheelite was. assocxated “with pyrite whidy
later ox1dlzed hberatmg sulphurlc amd that corroded and weakeneil‘
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. F zur “such’ garnet; epidote (tactlte) Zones roughly paran'
er ‘and. all “aré tungstemfer us.” ‘The' third ‘and. fourth zon
‘ated’ marblelzed limestone and are g
Limes "con51dered as-a smgle ZORE. > See Flgure 5. Thus far, theé i
de lopmen as.'been - concentrated ‘on the middle : zohe, alth
_(ad)acent to- ‘the “granite) ~ has” been’ Prospected
Some” xtent by;the U. S. Vanadlum Corporatlon ‘the previous e
of the property It Was “the latter company that suik. the west

-0
If "what" ‘has been found n-thé surface (expo
by the trenches and’in the’ underground ‘workings, can be a critery
,for what may “be” expected ‘of further development a longevi
“mining "~ dperations ~seems ' promising “when 1943° tungsten price
prevail. However, if large tonnages are -contemplated, the averpy
. grade of tungsten ore is low, and less than 0.50 per cent WO, shoy
"bé assumed. Thus the dep051t as a ‘whole should be considered m
. ginal under normal “economi¢ conditions. Much'of the ore preseﬁ
in the’ garnet bodies cannot” be profitably mlned and ‘shipped’at p

‘ent, but- if sufﬁc1 nt’ tonnages ‘of the lower grade “6re. can be b]oc‘k

out durlng the ir ning of the higher grade ‘bodies, the erection cﬂ
- mlll .at'the property rmght well be. Justlﬁed in order- that these lov.
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on the north northeast ’l'he ‘Scheehte group is. twelve cla1ms (18
feet) long and two clalms (1200 feet) w1de and has been surve

that the scheehte-bearlng tactite’ zZone extended northeastward W!th
“the ‘same con51stency “exhibited to the southwest in the Contaa,
-~ Garnet, Oak, and Molly groups, respectively. The limited explor

tion beneath the soil mantle, however, has failed to find such tactite
bodies and there is some doubt as to whether they have been offset
. by faulting in th1s vicinity .or may have followed a different trénd
being deflected by a change 1n strlke or an 1rregular1ty in the margin

_The Scheehte group 'is ‘here’ dlscussed because 1t acts 4s a key
number of cla1ms which extend 1n a northerly dlrec-

A 53?1'4*?: s

r

The locatlon of the
G;-theast beyond Beaumo
of the Scheehte group ab

Hence; the Ward -
rthwest of the Scheelite
‘nﬂd the Rattler group re

The “owmers of the. cl
E. E. Ward, of ‘Califo
s, but they have be
‘to other p

Miss

The‘ore occurs i »
:)° to the southeast "The
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llowed a dlfferent ;rem! .

. -+ ‘ ' 1

| - FigFiRin page 12 of thlS report. No doubt met sto¥ '
hecause it acts as « & B th n boundary of this rhyolite body has made the

; ity more resistant to erosion and thus accounts
{or the existence of this ridge ‘south of the Oak Leaf Canyon, which
Jﬁtter in turn, has been eroded along the. axis of the rhyolite apophy51s o
is beheved ‘that the e‘t'enswn of? the ng-of the—Hllls rhyolite 18 .
gI'OupS, from south Tesen far “eas . "as he Rattle gi'oup of clalms, for the in S
7ild Bill and Big Two" ke axposed_in ”ft i's'-sumlar ‘in_‘character and can be .
on’ IOCated southeast % W he "Rattlér group in a ravme dram- '
sl “the Major, Fault’ groups, "and
¢ Leaf Canyon, at the head ©
Eastward from the 'workmgs‘ B
)_\n the. Rattler cléums,_ “gpur merges “with-a gentle d1p into “the
' ‘(pedxment ?). slope.¥ Whlch carrles far out into the
t of the range P oper : s

end in a northerly dl!‘CC‘
in group.

L ted approxunately onL‘
th of Beaumont Basxn.

.| _egmatlte obs
M) contamed smtin
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"scheelite occurs “in lentlcular masse§ . which are so oriénted thy
ong dl}*ect f follow the d1p ‘of “the tactlte "Zone

; \bo "SPOtty
Wed avity, tungst
of ‘the Rattler group. Reese Grlfflth and associates control the cluigis A gcbeellte in
de51gnated as Major Fault. No 1. and Ma]or Faplt No.- 2 and | '
1nc1pal develop:
’work has’ Been ‘carried 'on néar the ﬂoor of ‘a small ‘southéast drain
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MINERALOGICAL NOTES

HELVITE NEAR BEAVER, UTAH!

C. L. SAINSBURY, U. S. Geological Survey, Menlo Park, Calif.

INTRODUCTION

Helvite [(Mn, Fe, Zn);Be;Si;012S] from the Miller mine was identified

{n 1936 by John Miller, a prospector from Beaver. In 1957 the writer

‘wapped the workings from which the helvite was obtained. Further work

& on the specimens was deferred until 1960, and as no description of the

deposit has yet appeared, it seems worthwhile to record briefly the geo-

logic setting of the deposit and the z-ray data-on the helvxte Very few
published x-ray data for helvxte are available.

LOCATION AND REGIONAL GEOLOGY

The Miller 1 mineis about 14 miles from Beaver, Utah, on the west sxde«
‘of the Mineral Range. The property originally had been prospected for !
silver, and two shafts were sunk.’ Beryllium mineralization was recog-
= mud in the old workings by John Miller, who leased the property to
interests in Los Angeles. Durmg the work that followed, one of the old
*hafts was deepened and relagged, and a few trenches were excavated in
Alluvium nearby. ‘
The country rock at the property consists of marble and tactite, both
of which are intruded by granite dikes. Granite of the Mineral Range
£5% Crops out a short distance east and continues eastward to form the core
. of the central Mineral Range (Earll, 1957). The shafts are sunk near the
otwall of 4 granite dike, and drifts from the shaits penetrate the dike
and several thin tactite bands. \ ‘
The freshest dike rock consists of about 50 per cent quartz, 30 to 35
Per cent orthoclase, and 5 to 10 per cent oligoclase; the remainder is a
ighly -birefringent mica, pleochroic in shades of greenish gray, and
minor chlorite. The minor accessory minerals include magnetite, fluorite,
#and allanite(?). The dike and enclosing rocks have been xrregularly
: argillized.

GENER AL OCCURRENCE OF BERYLLIUM MINERALS

Helwte and beryl occur in close proximity both in altered dike rock
ind in sugary-textured marble. Neither has been identified by the writer
in tactite, although three samples of tactite gave strong beryllium lines
%ith the flame spectrometer. The largest helvite fragments were ob-

! Publication authaorized by the Director, U. S. Geological Survey.
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Fic. 1. Photomicrograph of helvite (H) in altered .granite. Associated minerals are
quartz (Q), and a highly birefringent green mica (M). Section also contains. specks of
galena, pyrite, magnetite, and fluorite, which are not marked.

tained from brecciated marblé on the footwall of the dike, and beryl was
found, in close .association. Helvite was obtained also from altered dike
rock on the lowest level of the northerly shaft. The helvite is in parts of
the dike that contain abnormal amounts of mica, a black uranium min..
eral, and such sulfide minerals as sphalerite, galena, and chalcopyrite.
Fluorite is common and at places constitutes several per cent ‘of the
- rock,-Topaz was identified in several thin sections, and magnetite locally
is relatively abundant. Carbonate minerals are abundant throughout the
_altered dike. Secondary uranium minerals coat the fractures in the dike
at several places. Argillic alteration is sporadic in both dike rock and
limestone and has no readily apparent relation to the ore.

TR LA

o

HELVITE
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The helvite occurs as anhedral to subhedral masses as much as 1 inch
long in both dike rock and in fractured marble. Vugs in the fractured
marble contain minute grains of helvite. The helvite.in altered dike rock

exhibits a distinct preference for dark~g;een mica in replacement (Fig. 1).
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Taste 1. Opricar aNp X-Ray Data 6 HELVITE FROM MILLER MINE

Optical properties: isotropic, n vanable 1.72t0 1.75; absorptlon—none, pleochrmsm——none
z-ray diffractometer data (main hnes)

9

Other lines too.weak to be positively idehtiﬁed

’ Vs
In one specimen of altered dike 'rock, helvite replaces carbonate formed
{rom altered feldspar, and hence it appears that the helvite is later than

> the general alteration of the dike. The helvite is tawny-colored and the

luster vitreous. It contains small grains of a black, opaque mmeral pos—l
ﬂbly magnetite, and locally small grains of glassy topaz.

OpTIcAL AND X-Ray DATA

The pertinent optical and x-ray data of the helvite are shown in Table
L. The »-ray diffractometer pattern of this helvite is very similar to that
shown by Neumann et al. (1957). The patterns of helvite from Iron -
“(mntam New Mexico (U. S. National Museum No. 104,724), and from
Saxony were compared with that of the Utah helvite and found to be
almost identical. )

Several specimens of the Utah helvite were examined by x-ray fluores-
®nce spectrometry; all gave strong peaks for iron, manganese, and
ang, indicating that it contains some of each of the three end members
*f the helvite group. (Glass et al. 1944).

CONCLUSIONS :

The occurrence of helvite and beryl in a geologic enwronment similar
o that of known deposits of beryllium minerals is of mineralogic and
Pthaps economic interest. Tactite and marble are extensively developed
" the west side of the Mineral Range in thlS area, and beryl has been:
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found in small amounts in both granite and small pegmatite dikes in'the

granite at scattered localities. The area seems to have escaped investiga.
tion in recent comprehensive surveys:of beryllium (Warner et al.,. 1959) )
and might warrant detailed examination to assess its beryllium poten-

tial. )
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V JEZEKITE 1S MORINITE
- D. JeroME FISHER, Rosenwald Hall, Universily of Chicago.

It is stated by Frondel (1947) that x-ray a/Rd optical study of morinite
(presumably from Montebras, France) showed it to be identical with
jezekite. This was confirmed by Fisher and Runner (1958), who howeve: |
considered that the name jeiekite should be dropped, since morinite ha

priority.

I have recently completed a detailed optical study of the two minerals, )

together with the Black Hills morinite, on the temperature- -controlle
spindle stage (Flsher, 1962); the results are given in Table 1. Precession

x-ray pictures were also taken of the French morinite and of ]eéehm

from the type locality, samples of both of which were supplied me by

lF Cech of the Mineralogical Institute of Charles Umversrty (Prague!]

TABLE 1. ¢
Mineral

Morinite
(Black Hills)
Morinite )
’ (Montebras)
Jezekite
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CACTUS MINE DRILL CORE
BEAVER COUNTY, UTAH

.. MEMORANDUM TO FILES

Location: The Cactus Mine drill holes, a former porphyry Mo-Cu prospect of AMAX, are
located in Sec. 3, 4, 10, T.27S, R13W. This is about 15 miles west of Milford Utah and
about 24 ‘miles due West from Roosevelt Hot Springs, Utah, in the southern end of the

San Franc:1sco Mountains.

Drill Core: Drill core from four drill holes totaled about 9,000 . The AMAX project ended in
1973. Mr. Harry Olson, Vice President Steam Reserve Corporation and former AMAX
Geothermal Manager, Transferred the drill core to the Earth Science Laboratory, UURI,
through the efforts of P. Mike Wright,.in 1985. The drill core was picked up by David
Langton, UURI, in September 1985, and maintained in the ESL/UURI - EGI Geothermal

Sample Library until June 1999.

Drill Core Transfer to Utah Geological Survey: This drill core was transferred to the UGS on
June 2, 1999, with one (original) set of supporting documentatlon a copy of which is
prov1ded here. »

Y i % é%//é/ﬁﬁ
"Howard P. Ross
Research Professor/Senior Geophyswlst




October 8, 1985

Mr. Ph1111p M. WrLght

University of Utah Research Institute
_Earth Science Laboratory '

391 Chipeta Way, Suite C

Salt Lake City, Utah 84108

Re: Cactus Data
Beaver County. Utah

Deér Mike:

Sorry about the delay in getting this drill data from the Cactus Mine
area for the core that I gave you last June;z

As I ment1oned the Cactus files were never completed and as a prOJect
dlscontlnued 1n 1973 and were dumped in dead storage.

I managed to. f1nd a map giving the locations of each of the four holes
drilled. Holes DDH 520-1,2, and 3 were spudded in with a diamond drill.

. ‘Hole DDH 520-4 was spudded 1n with a rotary rig using a 5 inch hammer to
"~ a depth of 355 feet. From that depth of the total depth the hole was
drilled with a diamond core rig. DDH 520-3 is an angle hole drilled with
_a bearing of S780W and a dip of -580 from the horizontal. All the

. other holes are vertical. Total drilled depth of the holes are as
 follows: - ’ ‘

Hole Total Depth in Feet
520-2 B _~M_MH___25§A

TTTR20=3 T 2777 (angle depth)
520-4 875 :

- I couldn't find the 1lith logs for the holes but did find 100 foot assay

. composits for all four wells and 100 foot alteration composit diagrams
for holes 520-1,2, and 3. As I remember, all four holes were drilled in.
the Cactus stock which is a Tertiary 39+ mybp quartz monzonite (?).

A wibmdbs Atsrmand crilhoidiam- —1 2"




Mr. Phillip M. Wright ~
October 8, 1985
Page Two

Again I am sorry that I couldn't find more of the data, but I hope this
will be of some use.

Hope to see you at one of the geothermal functions shortly.
Best regards. |

Sincerely,

STEAM RESERVE CORPORATION

H. J. Olson _
Vice President and Operatlons Manager

HJO/c

»;ttachment S | " ; I |

2. uiie L @éﬁ%&m% o
DDH S20- 4 M@\mwf/&«%




C'achu S )ch‘cxk Pfojec_f‘

e Name Cw}t%y | ocation . | Footage |\ Drill
ZO;*’/ | Heover Co, 366:3/7*27’“5/)?/3\4/ O-2975 Core | #Mo
10*2 | Bever Co. 9€c./0/7"275/ﬁ~/3\,\/ 0-24/5“17/ Cdrc Ama
O - 3 : Beavaj Co §€C.3/f275//€ 123W | O-2777 Cor& ﬁmq)
o0 =Y Peaver Co. 56("7'/7’275/;@ /3 09875' Core | AmaX
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