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Ahstract.—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 eastem 
edge of the Roosevelt KGRA (Known Geothennal 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 signifleant to evaluation of the Roosevelt KGRA. The 
rhyolite is also the only knovv'n source of implement-grade ob
sidian in the southwest between eastem Califomia 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 IJnited 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 suiRciently 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 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 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 
(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 
w'ere 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 north-w'est of the near
est rhyolitic 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. 
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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 kni^ 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 depbsits. 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 tempera
tures exceed 250°C. 

RHYOLITE OF THE MINERAL MOUNTAINS 

Rhyolitic rocks in the Mineral Mountains include 
three stratigraphically distinct sequences. Low^ermost 
are two nearly nonporphj'ritic obsidian-rich lava 
flows. These are overlain by a pyroclastic sequence, 
including Iwth 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. SA). The basal obsidian zone grades upward 
within a meter or two into a well-layered zone, in 
which dark obsidian and light-gi-ay 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 ca-vities 
locally filled with vapor-phase crystallization products. 
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FIGURE 1.—Index map showing location of the Mineral Mountains and nearby areas, Utah. Numbers in
dicate locations of some dated samples (table 3) ; the others are shown on figure 2. 
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FIGURE 2.—Generalized geologic map of the central Mineral Mountains, Utah, showing distribution of Pleistocene rhyolitic 
rocks and locations of dated samples (table 3). Rock units, from oldest to youngest: Tg, Tertiary granite of Mineral Moun
tains; Trd, Tertiary rhyolite dome of Corral Canyon; Qrl, lava flows of Bailey Ridge and Wildhorse Canyon; Qrp, pyro
clastic rocks; Qrd, lava domes; Qac, surficial deposits, primarily alluvium and colluvium ; Qh, hot-spring deposits. Fault 
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In upper parts of the fiow a few meters of flow-layered 
obsidian are interlayered -with devitrified rock (fig. 
SB), passing upward into a more uniform dark glass 
zone or grading directly into a frothy nibbly breccia 
of tan perlitic pumice as much as 10 m thick at the 
top of the flow. 

The flo-w 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. 3.4), 
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 low-er 
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 
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FIGURE 3.—Photographs of the "VVildhorse Canyon flow. A, 
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 Si02 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 
H2O. 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 composiUo'ns of radiometrically dated samples 
[Est., estimate; tr., trace; leaders ( ), not present; *. microphenocrysts] 

Field No. Unit Ground- Plagio- K- Quartz Biotite Horn- Clino- Opaques Points 
mass clase feldspar blende pyroxene counted 

75L-17 Bailey Ridge flow, 
obsidian .— 

75L-15 Tuff of Ranch Canyon 
obsidian block 

75L-16 South Twin Flat Mountain 
dome, obsidian with 
patchy devitrification-

75L-56 Bearskin Mountain, 
obsidian 

75R-53 Little Bearskin Mountain 
dome, obsidian 

75L-18A Northern dome, frothy 
perlite 

75L-19 Rhyolite of the Cudahy 
mine, obsidian 

75L-21 Black Rock desert 
felsite plug 

75L-23 Rhyolite of White 
Mountain, obsidian 

99.9 

98.2 

92.6 

97.2 

96.0 

97.4 

100 

91.2 

94 

— 

0.6 

1.2 

.3 

.9 

.4 

— 

5.8 

tr. 

0.8 

3.9 

1.2 

1.9 

1.3 

— 

1.2 

tr. 

0.4 

2.3 

1.2 

1.0 

.7 

— 

— 

— 

tr. 

tr. 

0.1 

— 

.1 

— 

tr. 

• 

1.2 

•6 

--

• t r . 

tr. 

tr. 

0.1 

.1 

— 

.6 

_̂ 

Est. 

3,615 

3,034 

4,725 

2,000 

2,642 

Est. 

3,188 

Est. 



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; 
l^ -3k . 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 

74-3A 74-8 75-14 75-20 

Si02 76.52 
Ti02 .12 
AI2O3- 12.29 
Fe203 .31 
FeO .46 
MnO .05 
MgO .08 
CaO .64 
Na20 — 3.80 
K2O 5.24 
P2O5 .02 
H20-f .12 
H2O .06 
F .16 
Sum 99.87 
Less F=0- .07 
Total 99.80 

76.51 
.12 

12.29 
.23 
.51 
.05 
.08 
.65 

3.77 
5.28 
.01 
.06 
.06 
.15 

76.42 
.08 

12.79 
.20 
.38 
.09 
.11 
.44 

4.42 
4.72 

tr. 
.13 
.01 
.42 

76.45 
.08 

12.79 
.30 
.29 
.10 
.12 
.40 

4.39 
4.73 
.06 
.10 

.44 
99.77 
.06 

100.21 
.18 

100.25 
.19 

CIPW Norms 

74-3A 74-8 75-14 75-20 

Q 33.40 
c 
or 30.96 
ab 32.15 
an 1.00 
di-wo .37 
di-en .11 
di-fs .27 
hy-en .09 
hy-fs .21 
mt .45 
il .23 
ap .05 
fr .33 
rest . 18 
Total— 99.80 

33.28 
.26 

31.20 
31.90 
1.02 
.47 
.12 
.38 
.08 
.26 
.33 
.23 
.02 
.29 
.12 

33 

27 
37 

,22 32 .48 
,41 .45 
,89 27 .95 
,40 37 .15 

.27 
,57 
,29 
,15 

,61 
,14 

.30 

.34 

. 43 

.15 

.14 

.45 

.10 
9 9 . 9 6 99 .95 99 .94 

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 rhyoUtes of the Mineral Mountains, Utah, and adjacent areas 

[Constants: t '^X = 0.581 x 10"10/yr, X = 4.963 x lO'^O/yr; atomic abundance: K'*0/K = 1.167 x IO"'?; *Radlogenlc argon; Potassium 
determinations ̂made with an InstrumentTatlon Laboratories £lame photometer with a Li Internal standard. Figures 1 and 2 give 
sample locations. Ages of WM76-3 and MR76-26 determined by S. H. Evans, Jr., and F. H. Brown; other ages determined by 
H. H. Mehnert) 

Sample Field No. Unit 

75L-17 Bailey Ridge tlow 
75L-15 Tuff of Ranch Canyon 
75L-15 South Twin Flat 

Mountain dome 
75L-56 Bearskin Mountain dome-

75L-18A North Dome 

75L-19 Cudahy mine 
75L-21 South Twin Peak 
75L-23 White Mountain 
WM76-3 
75R-23 Little Bearskin 

Mountain dome 

MR76-26 Corral Canyon dome 

Isotope dilution determination 

Material dated Location 
(Lat N Long W) 

KjO 
(percent) 

*ArtO (lO'l") 
(moles/gram) 

AAr"*" 
(percent) 

Age 
(m.y.+2o) 

Obsidian 38°29', 112°49' 5.10, 5.10 0.058 25.8 0.79+0.08 
Obsidian block— . 38°25', 112°50' A.63, 4.66 .047 47.1 0.70+0.04 

Sanidine 38°25', 112°49' 8.14, 8.08 .059 18.1 0.50+0.07 
Obsidian 38°27', 112°47' 4.48, 4.49 .048 20.2 0.75+0.10 

.039 13.5 0.60+0.12 
Sanidine 38°31', 112°47- 9.36, 9.35 .073 ' 24.5 0.54+0.06 

Obsidian 38°45', U2°51' 4.91* 4.93 .168 46.0 2.38+0.15 
Sanidine 38°45', 112°47' 11.13, 11.12 .373 54.3 2.33+0.12 
Obsidian 38°55', 112°30' 4.63, 4.70 .029 15.9 0.43+0.07 
Obsidian 5.23, 5.25 .030 21.5 0.39+0.02 

Sanidine 38°27 ' , U 2 ° 4 8 ' 9 . 3 1 , 9.15 .080 31.8 0.61+0.05 
' 9 . 2 6 

B i o t i t e 38°24 ' , 112°53' 8 .72, 8.75 1.011 61.6 7.90+0.30 

TABLE 4.—Preliminary data on magnetic polarities of rhyoUtes of the Mineral Mountains 

Unit Number of Declination Inclination Standard error 
samples (percent) 

Normal samples: 
Northern dome 9 
Big Cedar Cove dome 4 
Ranch Canyon dome 5 
Corral Canyon dome 3 
Ranch Canyon ash 2 
Wildhorse Canyon ash 6 

Reversed samples: 
Bailey Ridge flow 6 
Wildhorse Canyon flow 4 

350 
23 
22 
332 
356 
349 

173 
168 

62 
67 
44 
25 
46 
48 

-63 
-61 

3 
4 
5 

20 
29 

5 

6 
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 northem 
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 tMs 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 Moimtains. 

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. 

Porphyritic lava domes 

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 f t ) . Individual 
domes are as much as 1 km across at their bases and 
stand as much as 250 in 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 sinall isolated patches of rhyolite (fig. 2) may 
represent either eroded flow remnants or small sepa
rate domes. ^ 

The larger domes, such as Bearskin aiid 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 pei'litic breccia, occur about a third of the 
way above the base of these donies. 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 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 
featui'es 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 



FIGURE 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 
in contrast to structures in the older lava flows of 
Wildhorse Oanyon 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 ai'e especially evident 
for the imnamed northern dome, which is on the range 
crest northeast of Negro Mag Wash (flg. 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 hut 
significantly higher in NazO and F ; they are lower in 
K2O and CaO. 

Lack of continuity, and thus absence of contact re

lations, between the domes malics relative ages of the 
domes difficult to determine. On the basis of amount 
of dissection, Nortli 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 im
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 detenninations for several 
domes of this group are noiTaal (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 low-er 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 0.6 m.y. ago, but an older rhyolitic event oc
curred about 8 m.y. ago. The Mineral Mountains are 
flanked on the northern and eastem 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 westem United States in 
upper Cenozoic volcanic sequences (Christiansen and 
Lipman, 1972). 

A significant question is whether the thennal 
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 inight even mark a 
segment of a large evolving circular igneous structure, 
such as interpreted for the Coso rhyolite domes in 
Califomia (Duffield, 1975). The rhyolites of the Min
eral Mountains were extmded 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. I t 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. Millard by neutron activation, using 
a chemical concentration technique. (See Zielinski and Lipman, 1976.)] 

Bailey Ridge 
flow 

(75L-17) 

43.5 
95.6 
27.0 
3.6 
.42 

2.8 
.52 
.38 

2.9 
.52 

Wildhorse Canyon 
flow 

(75L-60A) 

44.3 
94.3 
25.5 
3.5 
.40 

2.5 
.49 
.35 

2.9 
.49 

South Twin Flat 
Mountain dome 

(75L-16) 

24.9 
51,5 
9.6 
1.3 
.037 

1.3 
.30 
.47 

4.2 
.79 

Bearskin Mountain 
dome 

(75L-56) 

25.0 
44.2 
7.5 
.90 
.035 
.88 
.20 
.31 

3.0 
.57 

La-
Ce-
Nd-
Sm-
Eu-
Gd-
Tb-
Tm-
Yb-
Lu-
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FIGURE 6.—Chrondite-normallzed rare-earth-ele
ment plot for two rhyoUtes of the Mineral 
Mountains (75L-16 and 75I.r-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 pat tem 
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 geothennal 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 2.38±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 12 000 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 southwestem 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 eastem 
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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FIGURE 7.—Well-known sources for archeological obsidian in the westem 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 

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 



Fiss ion- t raa 'k a-natyt iaal data 
[Fission tracks etched for about 10 seconds in 48 percent hydrofluoric acid; 

+ 1 sigma about the mean. Xf = 6.85 x 10~^^yr~-'] 

Locality 
^ ^s Pi Fission track K-Ar glass 

(neutrons cm"^) (tracks cm~^) (tracks cm" ) glass age x age x 10^ 
10^ years years 

Bearskin Mountain dome 8.72 x 10 

Bailey Ridge flow 0.5 x 10 

11* 

15 

<3.37 X 10^(1) 1.25 X 10^(309) <0.02 0.75 ± 0.1 
0.60 + 0.12 

7.89 X 102(3) 4.40 x lo'*(2i3) 0.55 ± 0.30 0.79 ± 0.08 

^See 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 /xm^/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 chemisti-y 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 Fla t Mountain dome. An 
analysis for the North Twin Fla t 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 -I- 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 

Rhyolite 
Thickness of Chemical Calculated Calculated Corrected K/Ar 
hydration index hydration age age age 
pm (± 1 ym) rate 10^ yrs 

ym^/10^ yrs 

Wildhorse Canyon 
flow 41 

Bailey Ridge 
flow 40 

Bearskin Mountain 
dome 31 

South Twin Flat 
Mountain dome 22 

42.5 

41.7 

47.4 

51.1(?) 

2 

2 

4 

5(?) 

0.85 

. 8 0 

. 2 4 

.10(?) 

0.85 

. 8 0 

. 4 8 

. 2 5 

(M 

0.79 
.75 
.60 

.50 

No 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. 
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A6«trac<.^Little-eroded rhyolitic tuffs, flows, and domes ex
tend over about 25 km' along the weatem side of the Mineral 
Mountains, southwestern Utah, which is along the eastem 
edge of the Roosevelt KGKA (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 diflBcult. 

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 
i n ^ s i o n 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 eastem Califomia and north-
em~New Mexico. 

As par t 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 Pa rk (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 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. 

I n 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 
(Earl l , 1957; Liese, 1957). This brief report presents 
new geologic data, including K-Ar ages which demon-
sbrate 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 volcanic rocks, Roosevelt Hot Springs is 
located w i th in - a K G R A (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 r(x;ks, 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 gi-anite, 
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 is(x;hron, 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 S r 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 ciountry 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 K G R A by 
discontinuous elongate mounds of opaline sinter and 
other hot-spring deposits. Near the nor them end of 
this trend is Roosevelt Hot Springs (Petersen, 1975). 
Water temperatures as high as 90 °C have been re-

j k i . \ ^ i . »>>-/• 

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. 

RHYOUTE 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 i)oth 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 westem 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. 3.4). 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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FiotTBE 2.—Generalized geologic map of the central Mineral Mountains, Utah, showing distribution of Pleistocene rhyolitic 
rocks and locations of dated samples (table 3). Rock units, from oldest to youngest: Tg, Tert lao ' granite of Mineral Moun
tains ; Trd, Tertiary rhyolite dome of Corral Canyon; Qrl, lava flows of Bailey Ridge and Wildhorse Canyon; Qrp, pyro
clastic rocks; Qrd, lava domes; Qac, surficial deposits, primarily alluvium and colluvium; Qh, hot-.spring deposits. Fault 
ahr^wni U t a r n n d hflU on rlnn.-nthrnn.-r. eM<>\ n o m o . ! t'h.x Tin.Tna foii lf ht, -Date........ l \ a r rR\ t c „.„!., «.^~ «* ™~„ . . . l « « ~ ••>.» 



I n upper parts of the flow a few meters of flow-layered 
obsidian are interlayered with devitrified rock (fig. 
3 5 ) , 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. 3A) , 
most limbs of which are less than 1 m long. These 
flowage features, as well a« 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 

FIGURE 3.—Photographs of the Wildhorse Canyon flow. A, 
Photomicrograph showing recumbently folded flow lamina.-
tion. Flow structures are deflned 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 Canyont\,flow, 
might have come from higher on the slope, underneath 
the area now covered by the Bearskin and Little!>Bear-
sldn Moimtain lavia, 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 SiOz 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 
HjO. The magmatic temperatures of these flows were 
about 750° C, as determined from compositions of iron-
titanium oxides and coexisting plagioclase and alkali 
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TABLE 1.—Modal compoaUions of radiometrically dated samples 
[Est, estimate; tr., trace; leaders ( ), not present; *, microphenocrysts] 

Field No. Unit Ground- Plagio- K- Quartz Biotite Horn- Clino- Opaques Point 
mass clase feldspar blende pyroxene counte 

75L-17 

75L-15 

75L-16 

75L-56 

75R-53 

75L-18A 

75L-19 

75L-21 

75L-23 

Bailey Ridqe flow. 
obsidian — — — 

Tuff of Ranch Canyon 

South Twin Flat Mountain 
dome, obsidian with 
patchy devitrification-

Bearskin Mountain, 
obsidian 

Little Bearskin Mountain 

Northern dome, frothy 

Rhyolite bf the Cudahy 

Black Rock desert 

Rhyolite of White 
Moun'tain, obsidian 

99.9 

98.2 

92.6 

97.2 

96.0 

97.4 

100 

91.2. 

94 

— 

0.6 

1.2 

.3 

.9 

.4 

. 5.8 

— 

tr. 

0.8 

3.9 

1.2 

1.9 

,1.3 

1.2 

— 

tr. 

0.4 

2.3 

1.2 

1.0 

.7 

— 

— 

' tr. 

tr. 

0.1 

1 

tr. 

— 

1.2 

— 

tr. 

tr. 

tr. 

0.1 

.1 

— 

.6 

« — 

Est. 

3,615 

3,034 

4,725 

2,000 

2,642 

Est. 

3,188 

Est. 



l l i - ' i k j 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 

Si02 76.52 

Ti02 -1^ 
AI2O3- 12.29 
Fe203 .31 
FeO . 46 
MnO . 05 
M g O — . 08 
CaO . 64 
Na20 3.80 
K2O 5.24 
P2O5 .02 
H2O-I- .12 
H2O .06 
F .16 

; Sum 99.87 
'Less F=0- .07 

Total 99.80 

76.51 
.12 

12.29 
.23 
.51 
.05 
.08 
.65 

3.77 
5.28 
.01 
.06 
.06 
.15 

76.42 
.08 

12.79 
.20 
.38 
.09 
.11 
.44 

4.42 
4.72 

tr. 
.13 
.01 
.42 

76.45 
.08 

12.79 
.30 
.29 
.10 
.12 
.40 

4.39 
4.73 
.06 
.10 

.44 

99.77 
.06 

100.21 
.18 

100.25 
.19 

74-3A 74-8 75-14 75-20 

Q _ 33.40 
c 
or 30.96 
ab 32.15 
an '• 1.00 
di-wo .37 
di-en .11 
di-fs • .27 
hy-en .09 
h y - f s — .21 
mt .45 
il .23 

ap .05 

fr .33 

rest .18 

Total— 99.80 

33.28 
.26 

31.20 
31.90 
1.02 
.47 
.12 
.38 
.08 
.26 
.33 
.23 
.02 
.29 
.12 

33.22 
.41 

27.89 
37.40 

.27 

.57 

.29 

.15 

.61 

.14 

32.48 
.45 

27.95 
37.15 

.30 

.34 

.43 

.15 

.14 

.45 

.10 
9 9 . 9 6 9 9 . 9 5 9 9 . 9 4 

9 9 . 7 1 100 .03 100 .06 

feldspar. The relatively, low emplacement viscosities, 
indicated by the planar flow structures of these rhyo-
l i t ^ , 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, tha t i t 
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 polajity, which, in conjimction 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 For t 
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. I n 
Ranch Canyon these rocks are overlain by the large 
lava domes on North and South Twin F la t 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 F la t 
Mountains. The lowest exposures are of a subhorizontal 



[Constants: K-Ox - 0.581 x lO'lO/yr. X. - 4.963 x IQ-lO/yr; atomic abundance: K'-O/K - 1.167 x 10 t; "Radiogenic argon; Potassi-i 
determinations ̂made with an InstrumentPatlon Laboratories flame photometer with a Ll internal standard. Figures 1 and 2 give 
sample locations. Ages of WM76-3 and MR76-26 determined by S. H. Evans,.Jr., and F. H. Brown; other ages determined by 
H. H. Mehnert] 
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Sample Field No. Unit Material dated 
Location 

(Lat N Long W) 
KjO 

(percent) 
•Ar"" (ID"!") 
(moles/gram) 

•Ar-O 
(percent) 

75L-17 
75L-15 
75L-16 

75L-56 

75L-18A 

75L-19 
75L-21 
75L-23 
WM76-3 
75R-23 

MR76-26 

Bailey Ridge flow 
Tuff of Ranch Canyon 
South Twin Flat 
Mountain dome 

Bearskin Mountain dome-

Obsidian 
Obsidian block-

Sanidlne-
Obsidian-

38"29'. 112"49' 
38°25', 112°50' 

38°25', 112°49' 
38°27', 112°47' 

5.10. 
4.63, 

8.14, 
4.48, 

5.10 
4.66 

8.08 
4.49 

North Dome- Sanidlne-

Cudahy mine 
South Twin Peak 
White Mountain 

Little Bearskin 
Mountain dome 

Corral Canyon dome-

Obsidian-
Sanidine-
Obsidian-
Obsidian-

Sanidine-

Blotite— 

38°31', 112°47' 9.36. 9.35 

38°45', 112°51' 
38°45', 112°47' 
38°55', 112°30' 

4.91( 
11.13, 
4.63. 
5.23, 

38°27', 112°48' 

38°24'. I12°53' 

4 . 9 3 
11.12 
4 .70 
5.25 

9 .15 9 . 3 1 , 
I9 .26 

8 .72 , 8.75 

^ I so tope d i l u t i o n de t e rmina t i on 

0.058 
.047 

.059 

.048 

.039 

.073 

.168 

.373 

.029 

.030 

.080 

l . O U 

25.8 
47.1 

18.1 
20.2 
13.5 
24.5 

46.0 
54 .3 
15.9 
21.5 

31.8 

61.6 

Age 
(m. y .+2o) 

0 .79+0.08 
0 .70+0.04 

0.50+0.07 
0 .75+p. lO 
0.60+0.12 
0 .54+0.06 

2.38+0.15 
2 .33+0.12 
0.43+0.07 
0.39+0.02 

0 .61+0.05 

7.90+0.30 

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

Unit 
Number of Declination Inclination Standard error 
samples (percent) 

Normal samples: 
Northern dome 
Big Cedar Cove dome— 
Ranch Canyon dome 
Corral Canyon dome 
Ranch Canyon ash 
Wildhorse Canyon ash— 

Reversed samples: 
Bailey Ridge flow 
Wildhorse Canyon flow-

9 
4 
5 
3 
2 
6 

6 
4 

350 
23 
22 

332 
356 
349 

173 
168 

62 
67 
44 
25 
46 
48 

-63 
-61 

3 
4 
5 

20 
29 

5 

6 
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 diificult 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) . I n 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. 
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FiOTiBE 4.—Ash-flow tuff,' resting on a rugged erosion surface 
-•cut on granite of the Mineral Mountains pluton. Arrows in-
4dicate faint parting between flow units of tufC. 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. I n 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. 

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 f t ) . Individual 
domes are as much as 1 km across at their bases and 
stand as much as 250 m high, although dimensions are 
diflicult 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 ercxied 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 loca,lly 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 exposed. 

Other domes, such as those of North and South Twin 
Fla t Mountains (fig. 5) , have been more deeply dis
sected, in this case by the reexcavation ()f Ranch Can-
y.on, 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 



FIGURE 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 
in contrast to structures in the older lava flows of 
Wildhorse Canyon and Bailey Ridge. 

The porphyritic domes typicjally 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 northem dome, which is on the range 
crest northeast of Negro Mag Wash (fig. 2 ) , Bear
skin Mountain dome, and North Twin F la t 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 F la t 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 WUdhorse Canyon and to the north 
contain only 2-3 percent total phen(x;rysts. 

Two analyzed samples of the porphyritic domes 
(table 2) are chemically similar silicic alkalic rhyolite. 
I n ciomparison with the older flows of Bailey Ridge 
and Wildhorse Canyon, the domes are slightly bnt 
significantly higher in NajO and F ; they are lower in 
K2O and CaO. 

Lack of continuity, and thus absence of contact re

lations, between tho domes makes relative ages of the 
domes difficult to detei-mine. On the basis of amount 
of dissection. North and South Twin Fla t 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 Fla t Mountain dome suggest tha t 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 comi>osi-
tionally homogeneous, consisting of phenocryst-poor 
rhyolite similar to the rhyolite that overlies the North 
Twin Fla t 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 F la t 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, tha t 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 nor them and eastem 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 
recc>gnized widely in the westem 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 Spirings 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 
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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 
Califomia (Dufiield, 1975). The rhyolites of the Min
eral Mountains were extmded along the eroded core 
of the large Mineral Mountains pluton, itself a late 
Cenozoic intmsion 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. Altematively, the rhyoUte vol
canism might have evolved independently of the 
granite, but has been partly localized where the cmst 
was still hot from an earlier plutonic event. I t 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 rale-earth 
element data (table 5) , which indicate that thenrhyc)-
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 
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TABLE 5.—Bare-earth element analyses of rhyolites of the Mineral Mountains • ; ) ' • • 

ii-

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

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

' • » 

Bailey Ridge 
flow 

(75L-17) 

43.5 
95.6 
27.0 
3.6 
.42 

2.8 
,52 
.38 

2.9 
.52 

Wildhorse Canyon 
flow 

(75L-60A) 

44.3 
94.3 
25.5 
3.5 
.40 

2.5 
.49 
.35 

2.9 
.49 

South Twin Flat, 
Mountain dome 

(75L-16) 

24.9 
51.5 
9.6 
1.3 
.037 

1.3 
.30 
.47 

4.2 
.79 

Bearskin Mountain 
dome 

(75L-56) 

25.0 
44.2 
7.5 
.90 
.035 
.88 
.20 
.31 

3.0 
.57 

La-
Ce-
Nd-
Sm-
Eu-
Gd-
Tb-
Tm-
Yb-
Lu-
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RARE-EARTH ELEMENTS 

FIOUKE 6.—Chrondlte-nonnalized rare-earth-ele
ment plot for two rhyolites of the Mineral 
Mountains (75Lr-16 and 75L-17), showing 
negative Bu anomalies. 

crystallization involving removal of feldspar. Chond-
rite-normalized analyses of two whole-rock samples 
show large negative E u anomalies (fig. 6 ) , indicative 
of major feldspar removal (Arth, 1976). This pat tem 
contrasts with tha t of some other voluminous Cenozoic 
silicic rocks in the westem 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 cjompositions 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 significance in southwestem 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 '\^^lite 
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 Bomieville in age, that is, 
less than 12 000 yr old. Thes^ 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 southwestem 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 Califomia, 
Medicine Lake Highlands and associated rhyolitic 
centers in northeastern Califomia, Newberry volcano 
and numerous small areas of rhyolite in eastem 
Oregon, and Yellowstone rhyolite plateau in Wyoming 
(fig. 7 ) . The little known Mineral Mountains locality 
is in a region where l\igh-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. 



FIGUBE 7.—Well-known sources for arcneoiogicai obsidian In the westem 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 Moimtains. The ages detennined 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 Moimtain obsidian contains no fossil fis
sion t racks; 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: 



[Fission tracks etched for about 10 seconds in 48 percent hydrofluoric acid; 
+ 1 sigma about the mean. Xf =-6.85 x 10~^^yr~^] 

Locality 
<t> ^ s Pi Fission track K-Ar glass 

(neutrons cm"^) (tracks cm~^) (tracks cm"^) glass age x age x 10^ 
10° years years^ 

Bearskin Mountain dome 

Bailey Ridge flow 

8.72 X 10^" <3.37 x 10^(1) 1.25 x 10^(309) <0.02 0.75 ± 0.1 
0.60 ± 0.12 

0.5 X 10^^ 7.89 X 102(3) 4.40 x lo'*(213) 0.55 + 0.30 0.79 ± 0.08 

See 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 fixa'/lO^ 
yr) for each fJow, 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 Bearekin Mountain dome is from 
S. H . Evans (written commun., 1976). No analysis is 
available for the South Twin Fla t Mountain dome. An 
analysis for the North Twin Fla t 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 
hydration index hydration age age age 
pm (± 1 pm) rate 10^ yrs 

ym^/lO^ yrs 

Rhyolite 

Wildhorse Canyon 
flow 

Bailey Ridge 
flow 

Bearskin Mountain 
dome 

South Twin Flat 
Mountain dome 

41 

40 

31 

22 

42.5 

41.7 

47.4 

51.1(?) 

2 

2 

4 

5(?) 

0 . 8 5 , 

. 8 0 

. 24 

. 1 0 ( ? ) 

0 . 8 5 

.80 

. 4 8 

. 2 5 

C) 
0 .79 

.75 

. 60 

. 50 

No determination 



South Twin Flat Mountain all have ref ractive 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. 
Altematively, the discrepancy may be due to some in
herited argon in the sanidine used for K-Ar dating. 
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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 eastem 
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 diflicult. 

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 
intmsion 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 eastem 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 df 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 Eoss, 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 volcanic field, Arizona 
(Eobinson, 1913; Moore, AVolfe, 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 discontinuou.s]y 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 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 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. 
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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 tha range, Paleozoic and Mesozoic 
sedimentary rocks are exposed widely. Tliese 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 depbsits. Near the northern end of 
this trend is Roosevelt Hot Springs (Petersen, 1975). 
Water temperatures as high as 90 °C have been re-

fhiJlips fetroleum 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 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 pi-e-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. SA). 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, ih 
places containing concentrations of ovoid gas cavities 
locally filled with vapor-phase crystallization products. 

ro 
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FIGURE 1.—Index map showing location of the Mineral Moimtains and nearby areas, Utah. Numbers in
dicate locations of some dated samples (table 3) ; the others are shown on figure 2. 
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FIGURE 2.—Generalized geologic map of the central Mineral Mountains, Utah, showing distribution of Pleistocene rhyolitic 
rocks and locations of dated samples (table 3). Rock units, from oldest to youngest: Tg, Tertiary granite of Mineral Moun
tains; Trd, Tertiary rhyolite dome of Corral Canyon; Qrl, lava flows of Bailey Ridge and Wildhorse Canyon; Qrp, pyro
clastic rocks; Qrd, lava domes; Qac, surficial deposits, primarily alluvium and colluvium; Qfi, hot-spring deposits. Fault 
shown (bar and ball on downthrown side), named the Dome fault by Petersen (1975), is only one of many along the 
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. 
SB), 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. SA), 
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 

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

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 liave 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 SiOa 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 
H2O. 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 sa-mples 
[Est , estimate; tr., trace; leaders ( ), not present; •, microphenocryBts] 

Field No. Unit Ground- Plagio- K- Quartz Biotite Horn- Clino- Opaques Poi 

mass clase feldspar blende pyroxene ecu 

75L-17 Bailey Ridcfe flow, 
ob s id i a n . 

75L-15 Tuff of Ranch Canyon 
obsidian block 

75L-16 South Twin Flat Mountain 

dome, obsidian with 
patchy devitrification-

75L-56 Bearskin Mountain, 
obsidian 

75R-53 Little Bearskin Mountain 
dome, obsidian 

75L-18A Northern dome, frothy 
perlite 

75L-19 Rhyolite of the Cudahy 
mine, obsidian 

75L-21 Black Rock desert 

felsite plug 
75L-23 Rhyolite of White 

Mountain, obsidian 

99.9 

98 .2 

9 2 . 6 

97 .2 

96 .0 

97 .4 

100 

91 .2 

94 

— 

0 . 6 

1 .2 

. 3 

.9 

. 4 

— 

5 . 8 

• 

t r . 

0 . 8 

3 . 9 

1 .2 

1 .9 

1 .3 

— 

1.2 

t r . 

0 . 4 
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1 .2 

1 .0 
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— 
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. 1 
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t r . 

t r . 

t r . 
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I k - Z k , 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 

74-3A 74-8 75-14 75-20 

Si02 76.52 
TiO^ .12 
AlgOs-^ 12.29 
Fe203 .31 
FeO .46 
MnO . 05 
M g O — - .08 
CaO .64 
Na20 3.80 
K2O 5.24 
P2O5 .02 
H2O-I- .12 
H2O .06 
F .16 
Sum 99.87 
Less F=0- .07 
Total 99.80 

76.51 
.12 

12.29 
.23 
.51 
.05 
.08 
.65 
3.77 
5.28 
.01 
.06 
.06 
.15 

76.42 
.08 

12.79 
.20 
.38 
.09 
.11 
.44 

4.42 
4.72 
tr. 
.13 
.01 
.42 

76.45 
.08 

12.79 
.30 
.29 
.10 
.12 
.40 

4.39 
4.73 
.06 
.10 

.44 
99.77 
.06 

100.21 
.18 

100.25 
.19 

CIPW Norms 

74-3A 74-8 75-14 75-20 

Q 33.40 

or 30.96 
a b — 32.15 
an 1.00 
di-wo .37 
di-en .11 
di-fs .27 
hy-en .09 
hy-fs .21 
mt .45 
il .23 
ap .05 
fr .33 
rest . 18 

Total— 99.80 

33.28 
.26 

31.20 
31.90 
1.02 
.47 
.12 
.38 
.08 
.26 
.33 
.23 
.02 
.29 
.12 

33 

27 
37 

,22 32.48 
,41 .45 
.89 27.95 
.40 37.15 

.27 
,57 
.29 
,15 

.61 
,14 

.30 

.34 

. 43 

.15 

.14 

.45 

.10 
99 .96 99 .95 99 .94 

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 



sample locations. Ages of WM76-3 and MR75 
H. H. Mehnert] 

-26 determined by S. H. Evans,.Jr., and F. H. Brown; other ages determined by 

Sample Field No. 

10 

75L-U 
75L-15 
75L-15 

75L-56 

75L-18A 

75L-19 
75L-21 
75L-23 
WM76-3 
75R-23 

Material dated Location 
(Lat N Long W) 

K2O *Ar'*» (IO"!") *Art'' 
(percent) (moles/gram) (percent) 

Bailey Ridge flow 
Tuff of Ranch Canyon 
South Twin Flat 
Mountain dome 

Bearskin Mountain dome-

Obsidian 
Obsidian block-

38"29', U2"49' 
38°25', 112°50' 

Sanidine-
Obsldlan-

38"25', 
38°27', 

112"49' 
112°47' 

5.10, 
4.63, 

8.14, 
4.48, 

5.10 
4.66 

8.08 
4.49 

North Dome-

Cudahy mine 
South Twin Peak-
White Mountain— 

Sanidine 38°31', 112°47' 9.36, 9.35 

Little Bearskin 
Mountain dome-

Obsldlan-
Sanidine-
Obsldlan-
Obsidlan-

Sanidine-

MR76-26 Corral Canyon dome-

38"45', 112^51' 
38°45', 112°47' 
38°55', 112°30' 

38°27', U2°48' 

38°24', 112°53' 

4.91i 
11.13, 
4.63, 
5.23, 

4.93 
11.12 
4.70 
5.25 

9.31, 9.15 
'9.26 
8.72, 8.75 

'isotope dilution determination 

0.058 
.047 

.059 

.048 

.039 

.073 

.168 

.373 

.029 

.030 

.080 

l.OU 

25.8 
47.1 

18.1 
20.2 
13.5 
24.5 

46.0 
54.3 
15.9 
21.5 

31.8 

61.6 

Age 
(m.y.+2a) 

0.79+0.08 
0.70+0.04 

0.50+0.07 
0.75+0.10 
0.60+0.12 
0.54+0.06 

2.38+0.15 
2.33+0.12 
0.43+0.07 
0.39+0.02 

0.61+0.05 

7.90+0.30 

•J 

TABLE 4.—Preliminary data on magnetic polarities of rhyolites of fhe Mineral Momitains 

Unit 
Number of Declination Inclination Standard error 
samples (percent) 

Normal samples: 
Northern dome 
Big Cedar Cove dome 
Ranch Canyon dome 
Corral Canyon dome 
Ranch Canyon ash 
Wildhorse Canyon ash— 

Reversed samples: 
Bailey Ridge flow 
Wildhorse Canyon flow-

6 
4 

350 
23 
22 
332 
356 
349 

173 
168 

62 
67 
44 
25 
46 
48 

-63 
-61 

3 
4 

. 5 
20 
29 

5 

6 
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 a t 
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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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, litliic debris, 
or better sorted ash. 

^ ^ • 

!Sr^^-

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 northem 
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 
Brimhes 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 f t ) . 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 ancl 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 deviti'ified 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-
cla.stic 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. Tlie 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 
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FIGURE 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 
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 Mountain 
dome (fig. 5). 

All the domes contain several percent phenocrysts 
of quart'Z, 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 NajO and F ; they are lower in 
K2O and CaO. 

Lack of continuity, and thus absence of contact re

lations, between tho domes maices relative ages of the 
domes difficult to determine. On the basis of amount 
of dissection, Nortli 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. Th© 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 Fla t 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 determinajtions for several 
domes of this group are normal (table 4) indicating, 
in conjunction with the K-Ar ages, that they were 
erupted during the Brimhes 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 yoimg rhyolites 
higher in the Mineral Mountains; the rhyolite in 
Corral Canyon is more eroded and contains a different 
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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 eastem 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 westem 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 systeni 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 
Cahfomia (Duffield, 1975). The rhyolites of the Min
eral Mountains were extmded 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. Altematively, 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. I t 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. Millard by neutron activation, using 
a chemical concentration technique. (See Zielinski and Lipman, 1976.)] 

Bailey Ridge 
flow 

(75L-17) 

43.5 
95.6 
27.0 
3.6 
.42 

2.8 
.52 
.38 

2.9 
.52 

Wildhorse Canyon 
flow 

(75L-60A) 

44.3 
94.3 
25.5 
3.5 
.40 

2.5 
.49 
.35 

2.9 
.49 

South Twin Flat 
Mountain dome 

(75L-16) 

24.9 
51.5 
9.6 
1.3 
.037 

1.3 
.30 
.47 

4.2 
.79 

Bearskin Mountain 
dome 

(75L-56) 

25.0 
44.2 
7.5 
.90 
.035 
.88 

, .20 
.31 

3.0 
.57 

La-
Ce-
Nd-
Sm-
Eu-
Gd-
Tb-
Tm-
Yb-
Lu-
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RARE-EARTH ELEMENTS 

FIGURE 6.—Chrondite-normalized rare-earth-ele
ment plot for two rhyolites of the Mineral 
Mountains (75L-16 and 75L-17), showing 
negative Eu anomaUes. 

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 pat tem 
contrasts with that of some other voluminous Cenozoic 
silicic rocks in the western United States (Zielinski 
and Lipman, 1976; P . W. Lipman, impub. 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 2.38±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). Ba.salts of 
the Ice Springs volcanic field, 3 km north of White 
Mountain, are post-Lake Bonneville in age, that is, 
less than 12 000 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 eastem 
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 recentlj' 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 
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: 
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Locality 
4) ^ s Pi Fission track K-Ar glass 

(neutrons cm"^) (tracks cm~^) (tracks cm"^) glass age x age x 10^ 
10^ years years^ 

Bearskin Mountain dome 

Bailey Ridge flow 

^See 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 
thait 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 tmits is tabulated below. Also 
listed is the expected rate of hydration (in jum^/lO^ 
yr) for each flow, calculated for an estimated effective 
hydration temperature of 8°C and from the chemical 

8.72 X 10^'* <3.37 x 10^(1) 1.25 x 10^(309) <0.02 0 .75 ± 0 . 1 
0 .60 ± 0.12 

0 .5 X 10^5 7.89 X 102(3) 4.40 x lo'+(213) 0 .55 t 0-30 0.79 ± 0.08 

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 chemistiy of the obsidian gives 
different calculated hydration rates. Compositions of 
two of the obsidians ai'e 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-I-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 
hydration index hydration age age age Rhyolite 
ym (± 1 ym) rate 

ym^/10^ yrs 
10'̂  yrs 

Wildhorse Canyon 
flow 41 42.5 2 

Bailey Ridge 
flow 40 41.7 2 ° 

Bearskin Mountain 
dome 31 47.4 4 

South Twin Flat 
Mountain dome 22 51.1(?) 5(?) 

0.85 

.80 

.24 

.10(?) 

0.85 

.80 

.48 

.25 

0.79 
.75 
.60 

.50 

No determination 
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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. Th© 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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With the outbreak of World JWar II in 1939 tungsten became a 
is i.'tcgic material An intensive search for tungsten deposits was 

" I ' ijituted throughouf the Umted States^ In September, 1940, pros 
••? ^ -vts of promise were discovered in _the San Francisco District of 
Jf^a^ver County, Utah, and in October lungsten showings were^ found 
'*-'.."(f the southeast flank of the adjacent Mineral Range The 
, ^ iobcr showings and later observations by the writers yielded the 
if nita which form the body of this bulletin 

* The granite intrusive which is responsible for the tungsten 
J, .'lacrahzation is prominently exposed over an elongated northeast 

thwest belt approximitely five by fifteen miles Extensive contact 
^ lamorphic deposits occur around the periphery of the intrusive 

«WJf of them are known to carry tungsten in the form of disseminated 
^ J 'cclite Conspicuous limestone roof pendants along the southeast 

'*>!< if the range north of Pass Canyon have been mineralized, and 
' '•ng certain bands entirely replaced by contact silicates It is in 
, 'rao bands that the most extensive and promising ore bodies occur 

The mineralization, where the contact is comparatively regular, 
•-Oms to have followecl a consistent pattern Going outward from 

^° "trusive toward the unaltered hmestone the following facies of 
^'^"^ appear showing progressively a dimimshing grade of meta 
'•"TJhism (1) normal granite, through (2) marginal granite rich in 
^ * n contact silicates, (3) a somewhat brecciated zone, containing 
'_/«rothermal minerals and occasionally siflphides (4) garnetite, 

, '*/ Birnet-vesuvianite epidote tactite, (6) clinozoisite tactite, (7) 
'^^^ '^e-wollastonite calcite rock grading into (8) crystalline mar 

"T ^ ^ scheelite may be found in any of these zones but is char 
"triitically best developed in the garnetite near the brecciated zone 

.̂ ^ ^ e conclusion is reached that further development may prove 
.ft,» j^^^^stence of large low grade tungsten deposits which, under the 

- . ' ^ ' rf^i .°^ ^ national emergency, would be a "strategic reserve of con-
'i-,»»^ * ̂ f^hle value Furthermore, smaller higher grade bodies, tha t 
^ '̂'»t*•>v * worked at a profit have been found and i t is'possible that 
,V,|4,«-*ers wiU be discovered '̂  - > "̂̂  - -
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: ; A L - F R E D M BuRANEK^ > % V 4' ^^4^ ^ ^ j t i > -^^t.-Ts ^ ,i 

-"* , - INTRODUCTION 5. ' Ĵ  """ "^ "^ . -""fi^/ '^jr 
^ ^ - ' ^ 5. - > - ^ ., .-̂  ~ ^ , " . ' : - — ^ ' ^ 4 X % ^ « 
-1^ When the present World W a r restricted international trade and -- ^ "^^5^ii1* 
:iireatened to cut off our supply of oriental tungsten a vigorous '' "̂  -̂̂  7 ^ ^ ' 
•garch was begun for more adequate domestic supplies of this strategic ' ' ^ ^ l ^ -> "^ 
^ t a l In September 1940 prospects of promise were discovered in ""̂  "^ '^' 
aie San Francisco district of Beaver County Utah and in October' "" "̂  
^l the same year tungsten showings were also found on the Oak 
Slaim m Little Well Canyon along the foot hill belt forming the 
vfltitheast flank of the Mineral Range between the towns of Milford 
^ d Beaver See Figures 1 and 2 
"̂  The San Francisco District has received a great deal of attention 
Srom the U S Geological Survey the U S Bureau of Mines and 
"^nportant domestic tungsten producers Much exploratory effort 
bas been expended in this neighboring district resulting in substantial 
nroduction from the Old Hickory mine. and other less important 
properties in the, vicinity. 
&• The investigation here reported indicates that the Mineral^ Range 
^ o has .g rea te r tungsten .possibilities " _than ' has "been; generally 
&Ppreciat'ed.; Tungsteniferdvis rocks were observed in areas. frorn the 
Iravine of. Burnt" Hollow:, about midway along the eastern flank, south 
|ro Pass Canyon; north from Minersville, at"; the south end of the 
l^'ige; and south'of the Pass Canyon road a t ' the southwest portion 
^^ the range. (See Figure .2.) All, of the khownjbun^ten^depos i l s^ 
|p^_^tryiingly-s^[nlar.m" chai-acter. All occuiTTn"zones of pronounced 
jgontact met^m6rphjc^alEeTatioTr~a:^ociated with~4htfusive—igneoug^, 
l^cks. _Conse(|uently7^tt~isTogical. to huflffor the ]prebeiicu uf tiHigsEen 
^ other^ unprospected areas where hmestones abut, against the ,^trusive. One , sucK tnngstenr'-dCcurrence, • located near the summit 
jw~tLe range;In the proximity .of^Pinnacle Pass, .has beeri reported 
^ the writeri,-;butl7ipt''viMted'"-:6y^ MiiieraK Range 
^wtrusion "pf igfahiH^ 
^^liitions.'is apparent by the existence'^bf'sadarge a,"tungsten-beanng 
"/B°ne.. Howeverjiasto be expected,'v£duable a'ccundulations of scheelite, 
P*?-,ca!cium .'tu'ngst'ate,;. (CaWO^X,;. arej^ liinited".to^{,siach- areas where , 

' jhysico^chiemrcar and structvirai factors favorably coritrolled deposition * "* 

-i^*arf.-.-.;^.ry . . . 

• ' a - . . ' • j - ^ ; - j a * ^ . . . . . ." - . • .. 
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^ g s ^ d . Marg ina l o re -bod ies hav ing f rom 0 1 5 t o 0 5 0 p e r c e n t 
3\ ,eontent a r e r e la t ive ly a b u n d a n t a n d widespread , b u t s u c h ^ 
^ i t s ' could n o t b e m i n e d profitably d u r i n g t h e w a r p e r i o d e v e n ' 
•fse'"premmm pr ices p a i d for t u n g s t e n " If a c u s t o m mi l l t o t r e a t " 
'^sgrade ores cou ld h a v e b e e n es tabl ished a t one of t h e m o r e 
.^jising mines o r a t s o m e o t h e r locah ty favorable t o t h e d is t r ic t , 
t&abtwlly a g r e a t e r y ie ld of t u n g s t e n wou ld h a v e r e s u l t e d s ince 

| p , f iSacovenes U n f o r t u n a t e l y , th i s w a s n o t d o n e a n d a s a conse-
'^^%t only higher g r a d e o res were utilized^ 

•. ^ f "" 

.-jsf -Tungsten p r o d u c t i o n r e su l t ed f rom b u t a few of t h e p r o p e r t i e s 
^leki described, a n d t o n n a g e s of s imilar o re c a n s t i l l b e o b t a i n e d 

f^* market for l ow-g rade o res were avai lable T h e o u t l o o k for t h e 
^^Hr future for t h e s m a l l t u n g s t e n p roduce r is r a t h e r u n f a v o r a b l e 
'-'̂ fy concentrates c a n b e sold t o a m a r k e t d e p e n d e n t u p o n t h e 

fiStlfaating needs of t h e i r respect ive pu rchase r s A l t h o u g h t h e domcb-
. ^ tungsten c o n s u m p t i o n t r e n d is bel ieved b y m a n y t o b e o n t h e 

((J'?* '̂'the fact t h a t on ly concen t ra t e s can b e m a r k e t e d a u t o m a t i c a l l y 
;^(a\5nates the smal l p r o d u c e r of t h e t y p e so p r e v a l e n t d u r i n g t h e 
•S"' '̂•^^ '̂̂  ' ^ e poss ib i l i ty remains , however , t h a t t h e o w n e r s of 

IJ^ffiore p iomismg t u n g s t e n deposi ts m a y erect a p r iva t e ly f inanced 
f»'Talin the area t o p r o d u c e scheeli te concen t ra tes W i t h t h i s i n v iew, 
I '^^Ming the $ 2 4 0 0 p e r u n i t WO^ cont inues , sufficient mi l l -g rade o re 
^^&H ^*'^'"- t h e d i s t r i c t t o ant ic ipa te a longl iv i ty of o p e r a t i o n 
^ % a d this n o t t a k e place, t h e t u n g s t e n depos i t s of t h e M i n e r a l 
f"/*"̂ ^ ^"ill r ema in a s r e s e rve s from w h i c h l a rge t o n n a g e s o f t u n g s t e n -
'J^^rtng tactite- c a n b e ob t a ined t o satisfy t h e n e e d s of f u t u r e e m e r -

' • ^ W . • - - . ' . • . - - - . - . : - . . ; • . : . i ' • ; , . . . . • ; • 

' • ^ ^ ~ . ' ' • ' • • " - • - - • ' - ' - ' ' ' ' • • ' • . • ' " • 

I'C i n d u c t i o n of T u n g s t e n Ore , Minera l R a n g e , B e a v e r C o u n t y , U t a h v 

' " 5 ' - 1 9 4 1 t o l 9 4 4 ^ 

. . * A., * J ^ .* , . A, 

i ^ < I : A . / . - - J i 

*aio 
• Total Short • Aver- ^ 

Tons ship- age WO3 ' Total • Gross 
ped (dry) Content . U n i t s ' Value 

„:c Metals, Inc....: 278.648 0.789 . 214.48 . $ .6,434.40 
:-wg Pass Group) • ] , .•••. •- • .- < " • . • "•'•. ,. -
% Metal Mines, Inc. 634.^65' 0.6402 406.1445 ' '$12,184.33: 
IGametGroupj r •; - .; . ; ..•...-. .̂  ; , . , " '•• 

** Property.:^;-iSSi^^To})' !:•:aSS''.':;."' 40:60 / , $. 1,218.00 

Net 
Value 

$5 233 53 

$7 331 48 

'i%di 

X.M 
S^ • '''î ^^f-''<'':-.̂ -'P''̂ :̂ ^^^^^^ 
^ ^ .Tungsten, t ocsd i t i e s . U t a h "is . foftunatei i n possess ing a 
^ f i ^ ' tungstfeh local i t ies s imilar i n c h a r a c t e r "to t h e M i n e r a l 

^ T h e i i iorei / i inportant m a y b e enumera t ed -as - fo l lows ( 1 ) T h e 
* f e e k Rangely ( 2 ) : . T h e W a s d t c h Range , . (S^AThe^^Vest T m t i c , . -QW)^ ^ . . ^ . .•-.. .^v . . . »-* •- o —» 'Nw..̂ ,,̂  —-r- .1-- , - -• 

•-v4). T h e . H o u s e Range," (5)- T h e Grouse ' 'Gre^ t^^^ange , a n d 
* S a n Francisco , a n d adjacent "ranges. I n d the rywords ' , t h e 

^orphosed ca lca reous rocks adjacent t o m a n y of t h e i n t r u s i v e 
.01 our G r e a t B a s i n a n d R a n g e P r o v i n c e conta in ; t o a lesser 

f deg ree t u n g s t e n in the , form of scheel i te . Accordingly , a 

ofan-adent for.Metals 

,M 

ed to 
i 

1-

\ ' \ 

• ' t i 

ai 

> * * &• 
I t ' * " » * i . -

.* 



.̂|S1__ ' V o l » ^ 

d sta.teil ient-d 
—[es of_rtie_^* 

- —-tf 

i n ^S" * , * " "f"^ 

^ ^ \ F I G U R E 111 ^ , , 

SKETCH%HOWING GENERALIZED SURFACE GEOLOGY^ 

' ^ • % ^ 1 , o A M r c B E A V E R COUNTY U T A H MINERAL RANGE 

Quence of, or associa 
^ instances berylliu; 
^ t ionship between • mc 
^ p r e s e n c e of strong rn 

t:^a recently publish^ 
7-1 be m ide here. Thos| 
^^f- .•''••',, y- ' iC- ' " ' 

Prev ions work on 
^jjjn nations'in cdnnecl 
jjafidential unpubl ish | | 
^jj^lation. Fof"raany|: 
*yned the contact met 
^ ^slen deposits. Bii; 
^ate upon th^m. Le 

euntl waterlproblemi 
ilogical Survey men, 

^Ifconstruction Finance 
XffDS for access roads | 
iicking fsderal aid 'tc 
sad Hall of the U . ^ ; 
•n^resenting private ah| 
«3j* reports they may 
Ko comp rehensive tre; 
las been published." •" 
'ungsten in this area.-,,' 
described' "the ^ gteat'^ 
Northwest flank of .the 
»hurried inspection bf 
west flank of the range 

. . . •kc ' . i ^^^ ' :^ -L - . ' - • . ^ - . . ' " - • ^ 

\ tungsten 'property ,near ^Tr 
^,*-soc ted with' fluorite 'and- sk 

tCra^i ford V.<.t*..lBuranelc." A 

>,«< Secondary jMoiybdenum.M: 
rfj^tearch University 'of iUtafi, 
^Sutler B ft???ftfenr^''l)^^i 
*,Xlv W T .-^'^Water ReBourcel 

tJopubl shed^ manuscript:*x^iS 
^Spences Arts;;and"tetter'e-Vr 

tnanuscript' ' ' ' ' ' ^— ' '"~ ' 
Ijrtters^ * 

(.^^O T - r o SCyVJ- ^ ) 
^ -Blrateg^' Mi>;^«- .? |=g^, 

- - T r e m o l i t e ^ ' - P e t ^ f ^ g # 6 e d 
19«2) of tHe, Utah St^l^i^^'L 
iSUi the- M i p i n E ^ ? ? „ ^ t ^ i ' " I 



^7 ' -^ ^ . i - ' i ^ j ^ t e .. 1 , -^ ' 
t . -a; ^ .T'j Ê '-..-̂  ijL,' 
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zed statement "cain. be made,—that with few exceptions the 
_ gs of the Basin and Kange^ProvTnce of UTah contained 

^ ^ g n as nua nf the pnmarvjconsti tuents of̂  the magma__Inter-
•^tation of tungsten deposition indicateS^Kat it was under the"* 
,^ence of, or ""associated with molybdenum, fluorine, boron, ̂ and in 
fitc'instances beryllium ^ As a detailed description of the isomorphus 

wjationship between molybdenum and tungsten minerals formed m 
iS«̂  presence of strong mineralizers has been presented by the writers 
•'i'a recently published paper^^ a discussion of these affinities will 
^ t be made here Those who may be interested are referred to this" 

^ t . 

/i 

Previous work on the Mineral Range has been confined to cursory 
isanunations in connection w^ith studies of adjacent districts or to 
^mfidential unpublished engineering reports withheld from general 
SjTCulation For many years it has been known that the range con 

I'^ned the contact metamorphic zones so frequently associated with 
lUigsten deposits Butler'' mentions these zones ̂ but does not elab 
tfiite upon them Lee^, Thomas , and Dennis^, have studied the 
fround water problems of the adjacent valleys, and othef U S 
Geological Survey men, U S Bureau of Mines Engineers, and U S 
§econstruction Finance Corporation Engineers, have made examina 
l̂ons for access roads and development loans for particular properties 

Jeekmg federal aid to develop strategic minerals Likewise, Baker 
ajid Hall of the U S "Vanadium Corporation and other engineers 
^presenting private and Federal agencies have visited the area, but 
any reports they may have made are not available to the public 
Ifo comprehensive t reatment of the geology of the Mineral Range 
tas been published In 1941 Crawfoid suggested^ prospecting for 
tungsten in this area In 1942 Crawford and Buranek examined and 
<'<.otribed the great tremolite contact metamorphic zone on the 
fiorthwest flank of the Mineral Range and early m 1943 they made 
1 hurried inspection of some of the scheelite prospects on the south 
»est flank of the range (See Figure 2) 
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.t̂ - .-__̂ , The present report is a revision of a preliminary study* 
^ a j ' - ' authors) made at the request of Senator Abe Murdock (D' 
^ C"̂  and under the sponsorship of the Utah State Department of *" 

&^>{iss;: 
arid Industrikl; Development,. in cooperation with the M i ^ ^ 

W::'7A7 

§.n 

Wl 

|ll̂ >.r'̂ %;Bĵ î>X • t he ;pak Basin^^on^t flank of the Miner^" RangR,^B 
;|||S?ii??f';."'''' r.rjpresentatio includes deposits to the south and the west of tS^S 

originally,described as well as a more detailed discussion on tijgl 
• covered in t he preliminary study. The,purpose is to release tKkf 
thus fai;"assembled i n a ' f o r m and manner that will make the! 
niation available to . all "who- are interested.. Although the'iR 
have made many trips to the Mineral Range since their first Vi 
the north end, their primary .objective was to investigate tuL^ 

• • .' occurrences. Conseq'uently, a detailed study of the entire r a n S J 
not possible. From what is knowri about the geology and ore dfwjSI 
associated with this most interesting granitic core, a detailed ^ A \ 

- is justified-from both an economic and acadeiriic standpoinL-^fiil 
1::":': •_ ., hoped that sufficient interest can be aroused by the following to'"*^*^ 
'•-±:-' ••- ' • such.a study become a future actuality. ." - • - , . ' t'ir,p,^ 

i']:7-^^y : , ' ' 7 7'<''-:''::;i'l^^^^^ ' G E O L O G Y ''•' • " ' • - ^ ^ 

'̂£S':- ;•. o-r,' i'-.. •' The granite intrusive, responsible for the tungsten mineralits!^^ 
^iS^K-l'---", '': is prorninently exposed over: an elongated northeast-southwest T 
?.5/-.v';:iV"''-'si||i^^^^^^ Due to the bold outcrops and ja 

"''•^"--^"'"-''• '• th is ' in t rusive, ; forniing; the central.'.portions and 
the'riame:-;''.Gr*aiiite^Mduhtaii^''.-6ften has-been applied! 

•the Varige.'The'grariite('peaks^^ 
pl^^;*^&¥.f5:K]'.. '̂,Typical .facies show': â  hght Tgray/ medium-grairiedj-rbck. comji'̂ "'* 
f^^^r^-fu^^ .; chiefly: of ;f eldspar'..'arid quartz, 'Ferroriiagnesian minerals are •• 

\ ^ r^ is ^alld rea^ 
^ i ^ n ts at first s \ 

^ ^ flunking the cen* 
' ' ^ ^ n i t e pediment tw 

^ J u l v s " of granite 
^ ^ S e range properj 

' 5 ^ detritus, but gJ 
obscure exposurd 

^ d and other r j 
•{ite bearing alteij 
out loNV on the pie 

'nA the east side 
^ » ^ Snooth, weltl 

-- of 
s S ^ t i ; ; ^ g h l y i n | 

I ^ S ^ b e abp, 
even 

iSSife.i-CT.'̂ '̂ : •'• \ a_very-riigged topography. In contrast, the-sheer boss-likeTei 
iiM?#5sfeK=?i:?V- of'the "west'side h'ave been sculptured in culptured into, smooth, ,i-omided and 

atterlweath'eririgi:^sp , different 'frorri drdteg, 
probablyVis 'due' to~the interplay of '"***' 

)rs:'c'Jncreased precipitation on the west side, the, 
naiute exposed,' and the influerice of,prevailing, soutn^') 

r^hlqwihg almostjcontihually over the des 'er t^are bdi[ 
'"' ^"'rriost "irnp'prtarit. SucK"an' area" of erosion &^^^^,, 

knojpni 

though lol 
l ^ ^ i - < ! distur^^ 
f S c a n d s o u t h e a s t e l 

' - ' S g ^ a . From BearJ 
f S two miles, anc 
A fertuna Minmg Disl 
. ^ ? ^ t e d chiefly alongl 
^ t ® y rocks, and t h f 
ir^Mrict westward 
'-^"fe%nly wooded, 
•;?tiiomobile. Thus, 

"" and eastwarl 
from obq 
does exte 

upt change 
i^«»k northward. 
Sr^vails, reflected 
Ij^dimentary s trata! 

^ p j U i , the granite r 
i i ^ ^ The sedimeif 
Cliorth end of the r i 
i i f0rQi end, its pro^f 
li^fj'a great zone of| 
1 7 ^ . Pass Canyoi 
J : « ^ t e mass, a l th | 
'' "JBO sedimentary 
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liyersity' of Utah.^;|^-
t facts '.on thfe s c ^ M 
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l'_tHe-west of th'e'i^, 
discussion on the^i^; 
is'itb release the^dl^ 

t.will make the i n ^ 
Although the wli'i^' 
ic^ their first vp l l t | 
. iiivestigate t u ^ g | | 
the entire range*«^| 
logy and, ore d e ^ ^ : 
ore, a detailed sls@4 

There is y a h 
er than is "at 

.)es, flanking tht 

E»n the range proper: :iriliers r^ 1?.!̂  - /^ - "^^ -^^^ '^ou t four ^ i J : 
^ f detritui,; but g e r i S " w ^ ^ S ^ ^ ^ ^ f ^ f : « % , noted 1 ^ 
^ obscure exposures dan b e l b s S v S ^ ° •*^̂  ^""^^^^^ outcrops 

g i n ^ d a n r other, roads l e a d W ^ ' S " ' " " " - *° * ^ -'^^oK c S 'n̂ ^ 
t . . 

lie Standpoint. l iM 
be following to E ^ ^ 

rsten mineralizaW, 
2ast-southwest !^^ 
'utcrops and j ; - ^ 
artions and bi^f 
as been applie3> 
)f over 10,000 M , 
ed rock c o m p ^ j 
linerals are i t ^ ^ 
of certain doU0., 
a parallel p o s ^ ^ 
dtered strata i |^ , 
) band a b o « 
northeast O T E ^ 

jranite con: 
•ss-like emii. 
aunded and i 
it from or 
irplay of 
side, the t-; 
iiling souti? 
!rt—are beF 
rosion eni! 
)wns. 

,: Cir ^ i ; ' 
mg and 

___ ^w5iii;x<J"-î o: jBearskin 
^^„i.,,jven-rpunded grariite peak"3^^st.pf''the Cunningham 

inch), torigues_,of J grariite extend^ eastward, "from the ' main;; niass, 
Siting ,the highly'inclined north-eastward strik'ing, sedirnentary strata 
fSee^Figure 3).- The regularity of the grariite tongues is striking, 

, J^gesting a series of. parallel fault blocks, the main components of 
l^fcch would be about east-west, movement being to the east. How-
^ | r , even though locally the sedimentary beds a re ;a t times highly 
^pshed and disturbed, the persistence of the prevailing. N. 35° E 

^^Stc^and southeasterly dip,of the strata is more indicative of unequal 
^p^milation of certain east-west sedimentary zones by the invading 
^^^ tna . From Bearskin Peak, the granite extends, eastward for at 

'̂ ̂  Ht t̂ vo miles, and possibly much more. It is reported^ thai the 
^^''''^rtuna Mining District, some five riiiles east of Bearskin Peak, is 
1^^^^^ chiefly along the contact of a grariitic intrusive with' sedimen-
j'jj.fc-Y'.'̂ 'c'ts, and that the grariite'can .be tFaced-from the For tuna 
•J-Btnct westward to Bearskin Peak. Unfortunately, this area is-quite 

:«3Vjly wooded, riigged in relief, and inaccessible to the riiodern 
^"'Omobile. Thus, only that region north arid south, of Bearskin 
%**'. and eastward for riot riidre than two .miles, was traversed. 
^ - . t J ^ ' from observation,, it. "appears, that an east-west 'gramtic 

»R^d does extend from Bearskin Peak to the Fortuna.distr ict 
'^. rupt change in the. strike of the range is evident froni Bearskin 

^ ^ northward. Soiith of this area, a general "north-eastward <rend 
V z ^ reflected most pronouncedly in the ,N. :35° E. strike of the 
i ^ , ? ^ t a r y strata.- :Nprth of this area, the range trends nearly north-
' ^ tv t l ^^ granite being, exposed to the region adjacent to Pinnacle 
B,-..^ --^ sedimentary beds strike in an arc-like manner around the 
k-J^ •^''^ of the range. Although the granite does not crop out at the 
Ee ^ ^ '*^ proximity to the surface can be inferred by the presence 

P^*?,° ' ie of tremolitized limest.ohe.^.'i,;.:.-.;.:"";--. . -,-. ' .• 
j ^ s s Canyon delineates. .the southern.^ boundary of the. main 
* & ^ ^ ^ ' ^'•hough various relatedbodies of granite have intruded 
^ e n t a r v o'^-:--"' - of Pass Canyon.-.These graniticfmasses 

"7'!'t-sh'-<^f^-
>rf- » 

•M-4 

" ^ 

c ^ - * ' i i J ^ . - ^ ^ \ J^^'-°^^7itoG^Try. .. -, - : : ..-.• ••-:- - •;. . 
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.-- x.cgiiiiiuie lenses are relatively aburidantinjcertainport io^^ 
the. granite". Those observed have formed "as pipe-like 'bodies a t l 
intersection of joint plants)-the mPst coriimori 'systeriis being N f 
to 2G°;:W.'and,N. 80°'"W.^io' nearly east-west; ;;"Pockety" phasJJ 

' the more'cbarsely^crystallized pegmatites,contain euhedral mm 
typical of pegm'atitic^'deposits/: Well-developed cryst^^ of , 

-̂  (both'colorless 'arid smdkey) and- feldspar (varities—orthouat 
microcline; and albite).,* are'geherallyj.the principal minerals p i ^ ^ 
in the'cavities> More'rarely, other minerals are associated. Apjm^ 
imately:^2,000.feiet north ''pf the^ Rock Corral .^campsite; sple 
crystals.'.'6f;titanite, epidote; and garnet were found with quartz ht||*H» jss^"'"'''.'^ 
feldspar" in:̂ " a * small pegmatite;; pocket., . The titanite crjstals ^ ^ m parent ml 
brownish in "color, typically rhombic in cross-section, roughU oap 3 s- '̂' ''̂ ^̂ ĵ 
quarter of an inch in greatest width, and are embedded in a matittiS ^̂ «OWth-eas 
of small, but well-formed- albite crystals,^ possibly of the lanetj^gf^^ 4 
clevelandite. The garriets are rich cinnamon red in color, dodecahedi^"^ C»o>'°"' i 
in foriri, and smaller than the titanite. The epidote'Crystals conslgt/ 
of yellbw-greeri"ielorigated"prisms less than one-half inch in hagi^ 

"Subhedral beryl crystials of a .very'pleasing sky-blue color were fouai 
firmly enibedded iri quartz .on th"e}"Garnet Claims, and in pegmatit/, 
of Beaumont Basiri. The. beryl crystals are sriiall, less than one-his 
inch iri length,'translucent, and/rare inf occurrence. Subhedral, crj, 
talline" masses^.of 'opaque 'topaz,'!jpii^ with blue crjsU^ 

.„ cores^Jwere foimd',on;the "Ward;Claims^.,of the Beaumont Basin area 
^ ._^ITieyXy/er'Sfnot.)oBsS-ye^ litifc 

' ^is kriowri^of itheir^^ cuneiform;' 
^^J appeanrigant^fgrpwths'o quartz7arid;felds"parr:'is rel̂ ^̂ ^̂  abundatB^ 
""' in p"egmatitio''bQdi%.^ absence (St 

1̂  ~muscoyite^^arid';t6urriiai^ -is' a feature 
— - somewhati'u.ri'usuail:.tp depqsits"vprt}iis[kind, "althoii^ musco-
"_, vite ' should ';nbt"ibe "expected*; as;?it̂ ^̂ ^̂ ^ the .parent 

-" " intriisiver .Sericite?;miGa,;;fprobabl^^ 
" 'was ahundarit 'in a'siriall p'egmatitej'po'cket'hf^^^ 

te^ 
fc 

Spnie'fiiie quality quartz crystals j have;, been 'pbtained; from tW^ 
west, 'sid^ of :the range.' The writers visitfedf'. a ..quart'z "cryst^'property^' 
froni.'which'^some transparent and flawless;quartz;"jhad]^^ minedU 
Unfortiiiriately, as the pocket was limited ^to a spherical ickvity abonil 
two feet "in diameter, the quantity-^ of "clear^quaftzlfwas^'sm P ^ ^ 
a few-of the locally' reported. qiiaftz\crystal.'afjas'.bf^thc^^^^ wcrtJ2 
visited.'principally^hecaiise 'of .tlie,;."in:accessibilifv".>!*-%%,'i.'̂ î.-i~ 
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t the raĵ 'f-;/© the lack of importance'^of this mineral to the problem on hand 
etween^i^»ftliough it is not believed that large quantities of piezoelectric grade 
te .props"Sfe3rtz are likely to be discovered the prospector should bear in 
o^con^^Mttd the importance of flawless and transparent quartz to today's 

o proxiffi^fe»chanized world Quartz'^crystals of this type are saleable, and if 
'e -Co^dRs'ind, may be submitted to the Mining and Metallurgical Research 
itg^^a nefi^partment, Umversity of Utah, Salt Lake City, the U S Bureau of 
ence, tlaj^Snes, or the U S Geological Survey, "Washington D C for quality 
ISS Canyai '^rmination .^^ ^ ^i. "̂  - •* 

"' V^K ^* *^^ '̂ ^^® °f ^^^ granite cliffs forming the ramparts of Robinson 
Dortions ^Cimyon there is a fifteen foot pegmatite marking the boundary 
lies atl^pstween the large medium-grained gramte mtrusive bpdy .to. the 
ing; N.^^BSorthwest; aild! a parallel'fine-grained border. faciSs to the south-east 
phasesflK^fi same type of pegmatite -was also;-observed on ' ' the Big Pass 

J ininei'^^^perty in Pass Canyon, representing, i ts . apparerit^continuation 
of quaj^^\-eral thousand feet a long ' the strike to.'the-southwest..,'--The peg-
^rthocIa^pStatite, consisting chiefly of quartz" and; feldspar; Crystals;.up'" to ;five 
Is pres^pStthes across', has been brecciated* arid recemented :with' an aplitic 

Appro: W'Wat rix. The strike of the pegmatite and the dominant shearirig in 
splen(^p,|^ granite is N. 35° E. ;.with. a-.dip of: 67° to the northwest. . The 

uartz ai^^p^gmatite seems".to haye. formed as a: parallel.border facies of..the 
stals J ^ ^ ^ j r e n t intrusive-.arid' then ;t6. have been brecciated'arid'intruded by 
?hly 0 ^ ^ ^ ^ later niaterial"fofinirig,,;th^e -aplites". in parallel .'position;;:'to "'the 
a mafa^^uth-east: ' ; :7::77.̂ j7-7 '7-:7f'^'^7y7'i 7kv:..7s cii.i-: •":̂ :̂ v©^̂ iJl''̂ ®W;Sfej>^̂ '̂ -f v̂ 

' ,vari^^R&^a In Robinson' Canyon and Barton "Hollow,:"northeast';of';..Pass 
3cahed^|ftpuiyon, there are several, fine-grairied aplitic dikes irij ected'" betwe'en 
s c o n s i ^ ^ N brecciated pegmatite and the-riearly vertical mai-ble beds of the 
i.leng^^Kgoye-mentioned roof peridant. They not "only form irregular bands 
®̂ fo'^^^te^^^^h the . crystalline limestone's and the pegmatite-breccia zone 

gmatit^^g^Parating them from the riiaih granite mass," making up the central 
one-ha-T. ^rtion of the range, but they ..are also injectfed-into; and .between 
al, c ^ '. Parallel beds ,of the . marble >oof pendant. These bands follow a 

crj^ts r-'^*'*ction of N. .35°- E. paralleling the strike pf t he beds in the roof 
in arei , ^.S«ndant and'usually show a dominant joint system parallel to this 
ly littlifi «Wke and have - - - - - - . . . . . . . . . 

i--' 

ci f 

. r ..i" i -

[ed to 

e a "steep dip rio'i^;hwestward into the range. ;.-•• 
.'.— i " - ' 1 • < • • " _ - • • 1 : 1 - - r t ".•"^•' „ i- : _ i _ ' i _ - - _ 

1 ^ f* '. ^ ^ ^ ^ • ' ^^* iP.!<spme';cases ;they,. show\.;^^^ 
^®I'^- ' ^ ^^'^'^fi of iipm'e micrbscopic. ;cpristituerit! ;su^p,ected 'jas being- zoisite, 
feaWJf'i,̂  Ji '^^^^°'^^*^» '•> Prlppssibly piedmontite',.. deriySii^frpm/th^e^iiripiire lime-
™ " ^ ^ ' i v ' ^ ^ ^ assirriilafed*; by .,th^ . inyading- magma^;OtKei-s'1^^^^ distinctly 
P ^ ^ M ' f e l ^ ^ ^ J ^ ^ *i"̂ ê  to^'^lie: col6i-'q 

'^'•^^tificatioK'of which" iriust-await .petrograpIu<^^^^ 
^ . can ber^fbiind'.betweeri; these '\off;:color^^^taplrtes and .the ^firie- • 

fjj^^'^rring along the southeast flank of the mountain face northeast 
i ^ ? | s s Canyon," is a similar border facies of still finer-grained rock. 
L^^.p is tentatively regarded as a rhyolite intrusive connected with 
*t!o' granite body. It forms a relatively large apophysis with the 
' '^^Sated direction of its outcrops nearly at right angles to the range. 

7^7-y:^v&^?l 

•7<7:s-.-kt^^ 
-"-•:;•>.s<;#|, 

--•'."7ca:m. 
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* ,̂  I t is well exposed n e a r t h e p o r t a l of t h e tunne l of the oldj^jim., 
j _ ^ Hills Mine s i tua ted in Oak Leaf Canyon, a rugged ravine e ^ ^ § i_ „, 

po in t of t h e p r o m i n e n t spu r formirig t h e angle a t t he northeast ^ 1 ^ 
t h a t po r t i on of t h e r ange ( b e t w e e n Pas s Canyon and Oak B 5 2 
which h a s a compara t ive ly s t r a i g h t s o u t h e a s t front and m ^ ^ ^ 
t h e d o m i n a n t s t r u c t u r e s t r ikes N . 35° . E. Beyond this anrfs ^ 
t r e n d of t h e m o u n t a i n f ront a n d " the . s t r ike of t h e beds veer ^ 2 * 
t o t h e n o r t h and lose t h e r egu l a r i t y charac ter i s t ic of the s i s ^ ^ " ' ^ 
u n d e r discussion . ' - • ; " •-;..,••""' .:;, .;." ' "• •.• ^ S ' ^ n w -

The Oak Leaf "Canybri rhyol i t ic apophysis has a variable Ts<3t;s"s'' 
I t s out l ine was n o t t r a c e d ' i n deta i l , bu t i t s w id th locally, is bdir*'?*-' 
t o exceed 100 feet, arid i t is e s t i m a t e d .to h a v e ;a; length m cs*«-^'^^ 
of a t h o u s a n d feet. The i-avine in which the ; .King-of-the-HilIs Mi-*^"* 
IS located t r e n d s N . ; 6 5 ° . W . ( a p p r o x i m a t e l y t h e s t r ike of the d i k e - l ^ " 
apophys is ) hav ing ; -been eroded" i n ' i n o s t ! p a r t a long the coasl~-* ^̂  
be tween t h e d ike and t h e , ad j acen t ' crystal l ine limestones. ^ ' t * i i l 
d i rec t ion is roughly ; para l le l t o a f a i r ly ' p ron i inen t plane of s h e a i ^ ^ ^ 
and jo in t ing in th i s p a r t of t h e r a n g e — t h e . m o s t impor tan t s t f S ^ 
t u r a l plane, "however, "being a p p r o x i m a t e l y N . . 35° E. j 

The Oak Leaf Canyon d i k e is" ve ry fine-grained and is so VM 
formly h a r d and dense t h a t i t s individual cons t i tuents cannot | i 
differentiated, wi th t h e u n a i d e d , eye except , in t h e case of qutsh^'^-* 
mic rophenocrys t s , aboii t one-half mi l l ime te r ; i n size. In some wcatJ'"'- "̂  
ered facies they can be de tec t ed b y the i r glassy appearance in ^ / % 
o the rwise un i formly porcela in- l ike "rnaterial . This dike rock is naif^ ' ' 
w h i t e and m u s t be , viewed a t close r a n g e t o dist inguish it from UC'^ 
fine gra ined marb le lzed l in ies tones in to which i t is injected LSI* 
t h e apl i tes para l le l ing t h e s o u t h e a s t face of t h e inain in t rus ive^ 
Rob inson Canyon anti B a r t o n Hol low, the" Oak Leaf Canyon rhjolit 
d ike IS appa ren t ly a s s o c i a t e d ' w i t h a l a rge roof pendan t of IimesU* 
which h a s been b leach jd and recrys ta l i ized t h r o u g h t h e metamorpl i ' 
ac t ion of t h e in t rud ing ' r i i agn ia ; ' Conversely, t h e "'invading dikes hn'-" 
been affected by the.. ]^resence;"bf t h e .linie^ton'ekJiTTie' l a t t e r appe ' 
t o h a v e chilled the~m^g;maV6';k's . t o , r e t a rd -c^ thus I«v 

d u c m g an aph t i c "6i5feveri""'rh'yblitic ;textui-V/ratKe^^ tha t of-
typical granite f ^ ^ ^ ^ ^ m m ^ & ^ ^ T ^ S ^ T i T i ' ' " 

Still a n o t h e r b"p'rder2-intru'siye^,e sout* ' 
w e s t w a r d d o w n the;̂ ;soirtTi;̂ r̂idg^^^^^^^ which â '" 
loca ted t h e most';ri'oFth"ern-V'sch'eelite",',bccurrerices; ^^t^ B.̂ Pi" 
g r o u p The injecitjiorifbf ^^hi^^^ m crystoJl'.'. 
t h a n t h e Oak Leaf KCanyori;^ rhyo l i t e ) is believed to have bcw ' 
responsible for thefl 'ead-si lver ' - tungsten riiineralizatiori of the soiS' 
cen t s e d i m e n t a r y rdck'sJi'TOther s imi la r dikes a r e p resen t m the Wt* 
u n d e r discussion ^A'^r ibr thward t r e n d i n g dike, inore subsdidc s't 
cha rac t e r and a t leas t fifty feet'^iri w id th , cu t s t h e sedimentary strslrf 
c o \ e r e d by t h e "W'^ard'.clainis.- ' •^ icaceous h e m a t i t e ; locally abunofiPt _̂  

and m i n o r a m o u n t s of scheel i te ; 'and malach i te , we re observed <* |*^'* ^^ „,sauuj4iu 
associa ted w i t h t h e l ' i n t r u s i y e ; | ' A l t h o u g h n o n e of, t h ! ? ' ^ * ' S | dfication "^rs^s^itTi^'^^be""^ 

^ t h e m s e l v e s w e r e b h s e r y e d ' t o bje iriirieraliz'ed, this association of CJ*' JL ^ ' •y7r ,7 i7^7i i^^^ l^ 
-minera ls in t h e adjacent ' ; , i r i truded r o c k s ( usua l ly footwall side) ' * , ^ 5-ij;̂ „:. ,,.ivl-;'^-" i^" ' - '^-^^* ' 
t h e dikes is sigmficarit't as i s . l ikewise , t h e s imi lar ore-body relattft»% < 

S i s « 'oi t h e s ed imen ta ry 
L * ^ ; ^ a n u m b e r of di^ 

W ^ of t h e Credle 
- ^ ^ ' n o t examined t h e 
t i»era l associa t ion t o t 

/ " " Ext rus ive rocks fla 
1̂  ^ « n t volcanic ven t s J 
^ ' ^ u r e d ou t basa l t i c flooi 

k ^ s a long t h e souths 
r ' ^ m s v i l l e . B a s a l t also 

L the Blackrock Deser t 
Irtdge, agg lomera tes , t 

|"ii5jjcanic origiii, a r e wel] 
d jCnersvil le as follows; 

--. .^^.... 
^ "The oldest of the If 
gomerate are dark-colore 

* the Beaver region in the 
thcets, tuffs, and volcanic 

" }\-ing conglomerate. .,' 
"Above the andesitesi 

Thi.se are especially large. 
" sheets, tuffs, arid breccias, 

^ lites are best known loca 
Beaver Canyon and elsev 

" fine-grained, consolidated!'. 
"* easily quarried and dress 
<. building stone, lii many ij 
'̂̂ "'jind resemble beds of lighl 
* "After some, at least,; 

had been extruded they w 
of beds of conglomerate rc 
These conglomerates of" rl 

^̂  Bakers Canyoii, 5 miles eai 
'̂ Ĉ viell stratified,, but consist' 
J, Canyon they are several 
' pebbles and boulders of .n 

of rhyolite.!;!;-!?••".''•.̂ •'-•";:̂ ?|i'.' 
•̂̂ j "Basalt oyerii^ tKe'"'* 

^conglomerates" and in-6thc 
J black rock "used to ajconsic 
.„ It occurs ini sheets near t i 
^ Minersville,- in Black Moim 
^ the. volcaiiic'"cone^ one oJ 
^'another 20 rililes north of.] 
*•"*•« "-;--r4;;lS*|e;f®#^tS?$C-

tJL t^sdsfjbf,;;-tuffacepus^, 
»En utiUzecl'lpcaipiy'fe-a' 
^ g h t ; gray;col6red , extr"£ 
Moll be tween" B e a r s k i n I 
siantles th'e* grar i i te "over'; 
«W. The Ba ld Hiils":tp;th 
^ e rocks".' On ' the ' .wes te r 
aty-foot bed of heaut i f i i l ' 

kes IS siErn.fi^i;;^'" • - ^ usua l ly footwaU side) '.* 
' " ' ' ^ ' " ^ e ^ ? % ^ i 5 : f e ^ ^ « . t h e s imi lar ^ore-bodyrelatif^-. ', 

.- aS^^^'^---''M|'iS'fy:#^a^:;-r .' 
_ - ^il«^>;^;-;;5^W^^'^':-"-:.^^:?^^?'^-rs^$,:C:^iifi^' 7U7;7':=.7!M^t7'7'--Z' '77:'^;7A-7'- '?7: 'f^i7U^f,^-' .-r ^ . . 

Wennig, Verbal Coinmunicatlom^^^ 
""y* W. f."i "Water liesmrcraSif' 
,i^per 217 .(1908).»Qgga 
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in place, but . was examined in many float samples collected M 
foot of the range northeast of Milford. Similar material of r 
and banded reds, browns, gray-greens and blacks, some of 
contain christobalite inclusions, crop out north/ arid east of ^̂  
Rock and east of Pumice., The obsidiariis known locally as flijrf 
was vvidely used by the Indians as a source of material for ni 

"heads and other prirnitive artifacts. ., _ 'Ŝ  
. The origin of the volcanic glass of the Mineral Range ist 

knowri, but is believed to represent !remnants of. the great rh 
similar silicic flows that originated in the region north of.' 
Rock, rather than related to. the "flows bf the Cove Fort area.^ 
rhyolitic Twin Peaks, for example:, of .Millard : County, arê f̂  
.remnants "considered to be at or riear. the, oirifice df eruption'g 
least one of these niore acid .phases of vulcanism, and further-f 
ably have a common genetic affinity to the .pumice, obsidian, 
tuffs of that section of the Sevier Desert; ,;./• 

- ' •• ...••• J ' • - •• • " " - ' ' ' - : ' - ' , ' ' • . , • - ' • • • . ; , ' • • " ' : ' 5 ^ - ' , - • ' ' " - • ' • « r : v » 

The sedimentary rocks are'predoiriinantly Paleozoic limest'-
•-- sandstones, and quartzites; with mirior "amounts of" shales and in 
,̂  varieties representing transitional phases of sedimentation. Fo 

;.; are 'absent in rnuch df the strata, but there is reason, to believe* 
.- the rocks belong to the s a m e sequence as those found in the 
;. Francisco • District to the west where Butler ' has described 

;. .ranging iri^age from the Grampiari limestone .of lower Cambriai^J 
^vthe Harrington" shale of .Triassic,^Age. ,1 Th^ Mesozoic rocks of; 

'&0^M^M^M'iP''-'.^^---J^'^^^^^*^ rocks.""; Judging"'from -the lithologic .character 'oVi 
!|&f€$*ii';4i;̂ ?''';'; rock the-"tremolite deposits,".at ;the northwest porUiS 

' S i i^^i^l©'®''-^s"-°f •tij®-j^3rige,^",&e";'writers".feel..safe.in .assigning the" quartzites'tO,tl 
•sm iig^o;iS3^;';^^.^C'',Tinti6;gu^^^ rlow^r jCariibfiaSi ;age,;'"and. the limesw' 

!^SI*?y!^-'5^i .̂lf^tb • the'Ib-w^^ 
.^^^'^77-r"777 7. quartzi tes 'are ^fine'.gfairied; 'cpiripact,'^ mas'siye,°Va'ria^ pink *tb gi[^Jf| 
wSifj?'?-;:,:'^.'-' color.- The limestone's are massi've'bedded, dolomitic;iri part, sfliciSi 
WM'S^£^--7-'-':- near ;the,-top, and blue to gray in. color.;̂ f̂ 5*ji-̂ -̂ :fn;f?4.|̂ jau-;̂ t'î ^ 
yfŝ gi:«:...-._-;,•.. .,-.:-.. The" cxposcd'portion of the quart;zite'is"estiinated to navt^ 

& U S , con 
. ^ t h i c k n e s s 
l^^O feet and 
'•f^ The bed 
' • ^ and sou 

r S e north 
g-part , the 
^n is ion of 

^gjnohtizati 
'^soioic for 
•geless resi! 

Butler,' 
feat a fe"w ii 

quartzi 
^^^ fossil e 
^Ssnbers n̂  
' ^ ; b y inf' 
*rocstones 
1^ quartzi 
^goa the li 
Is'.age, rep 
,^ong youn 
lî Rjse Qua 

limestone, 
$«nge limi 
'Senes exp< 
|sF„.On tl 
;Cbk Basil 
l i t e r s hs 

'^Sttntary 
^Bfposits. 

g^jpiUieast 
' ^Sbed a 

"uestone 

J l ^ thicl 
. ,^ _—. —, ^ . -_- —. .>,—..-_.-_._^ .__.„-_-.— ,-- 'i^m^^Wrth en 

thickriess of 1,000 feet!̂  and frorii .the" cursory examination ™-?^^t Jbi^'e vmd %'&^~7i7'7'.7'7^ wri ters , ' i t "appeared comparatively" uniform throughout. Mu<?b̂ , 
SfeSi&.s-c"--'̂ ":='. the.Uiriestbrie is .also. quite uniform','.soine; sho-wing.a thin-b<»ft* 

/••/. character with riipttled.impurities characteristicrof the'Cambnaa,: 
:v''^"Ordiviciariliriiestones and^dolqriiites of the "Wasatch and Basin T 

Other variatioris "in texture notedr."wer'e;'"asso.ciated.'with faulting fl^ 
• - ' - - ^ ^ - — - • - a n d " ' - • • - ^ ^ - - - ' ^ - ' ' ^ ' - ^ ^ ' ^ • ' - ' - - ' - - ^ - ' " - - - ^ T — ^ " " " ^ i 

Sft|*«."i<%,;.?;-v. 

. . . . A.r 1 

....... m 
*Si>ffsl 

, ^s t . as 
.^£3osite 
p i i g n e d 

bl 

s j ^ i Ji3?53K^'&A??:"--'.''' i Bu't ier, 'B^ S".i GebloBy and Ore Depoaitfi of th'e" San,'Francisco' and 'Adiacent DiBtric**. . ^^ f s 
.A.-.f R«3&iH^.te;,-»...:.«..,rv=;?-. .JIT, :S.-Gebl. SufVey Prof. P a p e r - 8 0 . _ 1 9 1 3 ^ r j ; ^ . g j ^ ^ k g , i j ^ ^ ^ T i | * ; ^ ^ ^ ; ^ , > ^ „;•;.;. ^ j g ; ^ 
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l a a t u r e of t h e beds The uppe rmos t s t r a t a of t h e h m e s t o n e a r e 

r^-is. -nm :m /.ft 

'^ t .J ' f mottli^ f siliceous, con ta in ing lenses, of che r t u p to twe lve inches in l e n g t h 
Jome of -wlSi tT%e thickness of t h e l imes tone series was e s t ima ted to be wel l ove r 
llf^'^^'fl B'ad[ ['lOOO feet and is t e n t a t i v e l y regarded as 1500 feet 
i ly a s flint ad ^ The beds s t r ike n o r t h to northwest" -with gent le dips t o t h e 
I a ? *̂̂  ^^J^ I west and sou thwes t , w h e r e a s immedia te ly t o t h e eas t on t h e n o r t h 

•p"" * 1̂. eastern slopes t h e s t r a t a a re m o r e eas tward ly inclined w i t h s t r i k e s 
^^f^ i!^ ""f** t ^ '^^ n o r t h a n d n o r t h e a s t indicat ing a gent le ant ic l inal s t r u c t u r e 

t t f f n i J \̂  ^ ^ ^ ^ *^^ l imes tones and quar tz i t e s h a v e been affected b y t h e 
o r o t Blaa " {^trusion of t h e g ran i te , and a l though i t is ' ' riot unroofed in t h i s 

' o r t ^ a r e a Tk*^ -. - ' ^ , , , 
in ty , a r e flo^i 
[e rup t ion of li 

fur ther , prob 
obsidian, ao* 

- • # ^ 

oicflimestonS^i 
les jand impurf 
ta'tiqn. Fossih 
t o believe th.** 
nd" iri t he Sas 

described rocb 

area, its p r o x i m i t y t o t h e surface can be inferred by t h e s t r o n g 
Iremohtization of t h e l imestone The super jacent Pa leozoic a n d 
Mesozoic fo rmat ions a r e missing possibly because e ros ion h a s s t r i p p e d 
the less res i s t an t beds d o w n to the m o r e du rab le qua r t z i t e s 

pv' / , Butler , ' i r i 'h is deta i led descriptiori 'pf the' S a n Fraricisco Regiori, 
l i u t a few miles" t o t h e , wes t ; describes a si'milar series ' of l i m e s t o n e 
laiid quar tz i te a s be ing C a m b r i a n , ' Ordiviciari, ' a n d S i lu r ian ' i n age 
| 8 y fossil eviderice, h e . h a s assigned - the sil iceous "an'd';' 'arenaceous 
^members n e a r the" t o p of t h e l imestone- series t o : basa l Ordiv ic ian , 
and by inference, h a s suggested the . "gi-eat th i ckness of' i inder ly ing 

tUmcstones as. Ordiv ic iar i and ' possibly Cambr ian . F u r t h e r , b e c a u s e 
Uie quartzi te, which he 'designates" t h e M o r e h o u s e Qua r t z i t e , r e s t s 
*»pon the l imestone, h e suggests t h a t it is t h e Ordiyiciian a n d S i lu r i an 

' \ ^ 

^»e 

| r C a m b r i a n , ^ p̂^ jg j,gg^ represen t ing - a n o r m a l sequence of deposi t ion, t h e q u a r t z i t e 
. r o c k s ot t ^ i, |eing younger t h a n t h e l iniestone. Assuming t h a t t h e so-called M o r e 
pne j o u t i i err- |-feouse Quar tz i te is in fact t h e T in t i c -Quar t z i t e o v e r - t h r u s t u p o n t h e 

a n d mcluaH« ^^^jgtQj^g^ t h e n t h e descr ip t ior i given b y But le r of "the S a n ' F r a n c i s c o 
| e w a s a t c n î ^ , , | . , ^ g g Umestone-quar tz i te sequence cor re la tes J v i t h t h e ; ' s e d i m e n t a r y 

""'- %aeries exposed a t t h e n o r t h e r n end of t h e M i n e r a l Range . " " -

lar 'acter of tht M ' t t t ^ '^® ®^^* ^ ^ ^ ^ °^ *^^ range , ' i n t h e region e m b r a c i n g t h e 
t h e t Dortioa f f . ^as in and canyons riorth t h e r e o f to- abou t Bea r sk in P e a k , th< 

T ' t e t o t f c * " i j ^ " ' * ' ^ ^^"^^ h a d occasion t o examine,^various .outcrops;of t h e sedi 
t h e limestoRS* Sf'?*''**!'^ rocks in conjifnction -with invest igat ioris of ' cer ta in o r e 
cian Age T f c r ' ^ s f ? ^ ' ' ^ ' Here , the" s t r a t a s t r ike n o r t h e a s t w a r d wi th ' "d ips t o t h e 

• ' * j ; f^«eas t . T h e ' q u a r t z i t e (Tint ic?) exposed is s i n i i l a r ' t o t h a t de -
^ ^ ^ ° ^ at t h e n o r t h end, except t h a t ' i t appa ren t ly runder l ies t h e 
*"_«»'^to'^e and over l ies t h e grani te , t he r eby be ing in noririal s equence 

'^g^^jthickness of t h e qua r t z i t e is approxi rna te ly t h a t "given for t h e 
i^A ^°"^ exposures , a l though i t m a y ';be greater.'- The ' l in ies tones 
^ ^ ^ ^ ^ r g o n e severe m e t a m o r p h i c al terat iori , due' t o thie i n t r u s i o n 

° ^ „ "nain granite"mass, . 'ar id t o a lesser, degree, f r o m ' t K e in jec t ion 
* '%^- ° ^ ' ^}^^^^^ d i k e s . "?As a consequence, the ' ' l i r i i es tones n o w 

i y ^ ^ selectiye.iy replaced beds pf ;crystalline;jliikest6riey; garnet i te ,^ 
' ^ ^ i ^ ' ^^^ o t h e r h igh siiicE^-bearirig rocks'. A g e liriiits c a n n o t ^be"̂  

•̂ d these s t r a t a because of too. l i t t le" : j ^ ' ow^ 
out by comparisorT w i t h beds exposed bblEE t o tK'e lsouth arid^ ' 

••u„, w.-t-i:, -„ 4.- i.vli.uc;:-i..- i.:..JL^r> i ' * ' 
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, ._-^..v,>.xvs nanjfcs the inti ,„,..o uy .no me'aris^regulaF^^^^ to the bet 
,,,«:„.,:. • ""'• on the'contrary;'.H^'yery''^^^^ Projecs 
ĵ--j:?.--'V'.- of the grahite'eriibayed into;the sedimeritar3^''^bl3s at intervals, ' 

\̂ i;,'v;V.' " 'haps the largest of ;these" eastward ap;bphyseS':is,^he granite tea 
•̂'» j " ! " , of Beaurnont;. Basiri; wliich extends far-1bey.drid the hmits of. 
".:;'-;., '. exposedfsedimeritaryfofmatiohs.-V Other similar'granite masses" 

- ' . dikes separate.the orice "continuous, band of sedimeritaries. Ui 
tionably,'^the^lithologic aflinities of . the sedimerita'-" i-- ' -plex. Little"is'kriown w ' - - "— " 

Himm 
PW 

..,. ^ vvLiier similar • gramte masses ^M^ 
.wo aeparate,the once "continuous, band of sedimeritaries. U a e ^ ^ ' 

.:• tionably,"the^'iith61ogic affinities of. ^ sedim'eri'tary beds a r e ^ ^ " ^ 
•- -plex. Little is;kriown of sequential deposition and this, t oge the r^^^ ' 
'., granitic'''assirriiIation arid severe post-intrusive crushing and fauIjiS'^ 
;f .-make the interpretation of these rocks remain obscure until su^^Ttl 

".tinie when" detailed mar.'^'—-- " "'tuted. ,.;-:';; ' - ' ^~ "'• > 

. ...iw ocuimenta .„ ^^^ ern^J 
. _...,̂ *c rs unqwn of sequential deposition and this, together^^^ 

granitic''assiniiIation arid se-vere post-intrusive crushing and faulK?^* 
.. .-.make the interpretation of these rocks remain obser 

Si\;Ci>£•"; time when'detailed mapping is instituted, -.̂ i-;;̂  %'• • -, 
M ^ M ^ ^ i 7 i The low-lvinp' ridgp «!niith of Oak Leaf Cainyo: 
S gf "fi'" ;y. 'silifemria •' liiriestorie. - Samples obtairied. f'"̂ '̂  — 

•m^ 

I km 

tm;. W771 

. -,.A4j-. rifipre. smith; of Oak Leaf Canyon cont«m.,''fcI ^ 
^ siliferQ.ua"' liiriestorie. - Samples obtained' from an outcrop app^J^ 
,'-j^;_rmately .200. feet;-vv^ Mineral Range; Access Road _dgfî |ftjiil 
y";"" relatfii-these' rocks'^to ."the Mississippian. The" fprriiations consist*^^'*' 

thick: seri^"of.;bluish' gray::,hmestones,; which, weather to a jp^f-^ 
"• color-thari.that of a-fresh!fract"ure..;' Interbedded are occasional 1^^ 
• ^members'of shale. The strike of ' the; strata :is'"N. 35° E. •with v?^~" 

ing, although not too steep, dips to the southeast. This strike |««J^ 
vails, with only minor variations, for a distance of nearly one-flasATi, 
the length of the range, and is.remarkable for its consistency. E\̂ ''->''-« 
the rocks which are now completely altered, such as those w îg,̂ ^^ 
make up the coritact metamorphic band from Pass Canyon no*4l.»-*3 

;. ward for several nrules, and those of the Oak,' Garnet, and ConUi.'v 
clairns, hold true to this trend."' Close parting arid mineral comj 
sition'vof some" of the" ah«^»-°^ --•'imeritary strata indicate +'">• * 
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mth with easterly dips The faults also have ' a north south trend 
id eastward dip biit generally are more highly inclined as they 

ibhquely cut across''the sedimentary beds Butler ' assigns the hme 
tones m the vicimty of the Cave Mine about six or seven miles 
lorth from Minersville to the Carboniferous The hthologic simi-

ity of these rocks to those immediately to the north in the area 
the 2 R s holdings suggest that a more or less continuous ^belt 

if Carboniferous formations extend from the Cave Mine area to 
Pass Canyon road Permo Carboniferous rocks crop out easterly 

ifrom the Cave Mine to the area of the Lincoln Mine They consist 
limestones, quartzites and shales At the Creole Mine believed 

[to be m the metamorphosed sediments ' of the Kaibab formation 
;the strata strike N 20° 'W and dip to the northeast Granitic 
•intrusives, ramifying off shoot dikes apophyses and sills have altered 
ito a high degree much of the, sedimentary rocks to zones of contact 
stnetamorphism'in which rriost of the metalliferous ore bodies have 
;been formed. Such is the "home" or host rock of the Cave Lincoln, 
[Creole, and other mines of the regiori. ,. 

Mesozoic rocks are exposed at the south end of the range from 
[the area of the Creole Mine eastward to where the sedimentary rocks 
;are buried by the recent flow- sheets, tuffs and volcanic breccias 
and northward to Pass-Canyon." They include the variegated shales 

; and intercalated limestones of the Moenkopi the sandy conglom 
lerates of the Shinarump; the.variegated shales and sandy shales of 
I the Chinle; the typical cross-bedded massive sandstone of the Navajo 
jand the finely crystalline..limestories of the Carmel The measured 
fniembers are xriiich thiririer- thari those present in the type localities 
|of southern Utah. This is particularly true for the Chinle and Navajo 
^formations. '̂ .'•.v-':'-:-'-;;'j-':-;f;Y^.'̂ ;-'',:-;'. .-.,*' 

East of Minersville, the Triassic Red Bed formations (chiefly 
;Moenkopi) cross the Beaver-Milford Highway The north south ridge 
fUnrnediately to theweist' of the reddish shales and sandstones is the 
,.''*^sal Umestone of the Moenkopi. In general the strata are inclined 
| to the east at a comparatively low angle and strike dominantly to 
Ltte north or northeast; ' . 

rjVr. The Big Pass property. (Strategic Metals Inc ) is tentatively 
fi^^^^filit t o b e in Pernio-Triassic rocks Approximately jone quarter 
-;w a B){h. =̂;p«̂ | fr"m the main tungsten workings reddish to chocolate 
^|°'j?rpd Ishales cross the Big Pass road Because of the abundance 
g 2 .'^^rty nodules in the shale, so common to the Moenkopi and 
?y"ile hori7.r>Ti«8 of southern Utah, the writers feel safe in as.sipning 
|]^Se_CQcka-to the Triassic. Whether the shale represents a portion 

the Moenkopi or the basal Chinle is not kriown. The. Shinarump '•',;;\t̂ ^̂ ^̂  '̂i,* i ^ '"'iiff* "% T^SE 

S; and others;. Ore .'Deposits of .Trtah:.;U; S.'-.GeoloKi'ca!'Survey'Prof." .Papei 
-..' - • - - ' S - ; - - ' - . . ^.. j .-.\ i .^-iai '-. .- '.:: • r-.-. . . ' • ' -- .-'..-t.-..'-'y •-.. 

' V -•^•f'-" •", ' • ' ' : ' - '-.• '.>'''. •- • . • ^ : ^ f ^ ^ ; 7 ' ' . r . - , : : • , ^ { ' ' : ' ' - r \ . . ; -^•:\Cr'-'i"t;' . . ; ' 
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^ in which the gold prospects have been driven, is an interim 
.phase. The severely crushed nature of-the limestone, however' 
'cates movement of rnore thari' minor,' 'faulting.' The ' low anrip' 
of the fault contact plus the considered direction of movement L 
giests ihr.ustal rather than^narmaL fault..Hispincpment. and niayi 
celatsd* in. part at least, to the imbricate structure of the s " ' 

•tarv block fioiith of the Pass Canyon road"as recognized by 
The altei-ed limestones, sandstones and shales of the main wor^j 
of the Big Pass property, are , possibly Perniian. a's the strike 

• dip' indicate that they uriderlie the shale. The north-south ft 
."•which terminates the east-ward extension of!.tungsten ore, could" 
:" of sufficient magnitude tb" abut older rocks, perhaps Carbonifero 

;.;-'ag"ainst the Triassic," and consequently this possibility should not 
;;'".precluded.; .The rugged expression of the topography, plus the 
• plex faulting of the strata, makes-reconnaissance geology dif 
. , 'The shale and sandstone phases of the -"Red Beds," near the gc 

prospect, however,-represent-the nor thernmost . extension of Jm 
triassic rocks known 'to the writers, "although inconspicuous rem^ 
nants of these beds may extend several "miles~'northward along th{# 
east flank of the range. Several pieces of reddish sandstone, lithii 
logically resembling the Navajo sandstone -of the south end of 

. range, were'fourid as float "approximately three.miles north of 
"Pass Canyon'Road near ithe head of Cotton-wood "Canyon in 

',; locale of the old Bismuth prospect and immediately south of tiip 
Oak group of -tungsten claims." A search was rriadei;t6 "locate thfi 
sandstone member in "place, but i t -was not found. SliQuH_Jm2;l|| 

"" Triassic, formations 'exist in thp higher rearh' '" pt "^h" IT'PH oft 
,7^ ^Jottonwood Canyon, then, the'thrust-^-faiilting rUcplgyorl c1cp^.|,p,yl 

MMiy^'J''J-. niaiy have extended at least to this point' find pprba'pc f^rfhar a1f̂ p<>| 
lifjf.i-iS;",•-"''.-. the east side.iof the"jrang.e. This" explanation is"tentatively"suggested.! 
"1^^ :̂?"^^$'.4l;Sii''̂ }^5®-,;.P|f.̂ î̂ ® '̂-?^ dipping Mississippian rocks; (deter»;i 
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SmS '̂J?-v>S?w.ŝ ';•f•'f iSmic'ture" and Faidts; The' Mirieral Range may be classed as f-f 
i^tSj^^^'--'.'*^^'typical Basî ^̂ ^ Range"^mountainous highland^—its long direction;* 

oriented approxiniately north-south and its" shorter axis nearly east* ?; 
. ' - j ^ i . - t -v^s^L l . •:-:r-:l '* '- -• • ' i . . . .-- ' . - .r : . i jCT... ' n c - L . . . - . ^ _ - : i - - •»/r --.^".-J> " x l . - - . ^ 

ii§;^^°i.'S^''i'"''the north o'r" northeast" strike'arid easterly dip "of the" strata werc;^ 
j3.VJSy=;;,J;;..-a,1-T --.---_,_ -_ _'. j r m . • * . ' • . - l . •••• 1 •!• - i i — ' * - ' • • - . I . -- : - - - l - ' • - : • • • ; i * ' ts t i l „ l ; _ i _ _ J ;-*s 

rnK'-^-.ti-'-'-.i'--'-: 
fpJsti^:'; % 

observed. The"north end of .tjie^range,, ho'wever," Ibse's.-its^consistent.';?* 
.'easterly dip. - Here the^beds -are gently arched iri-t6'̂ "ari' anticline, the;;| 
' I-I .b» l ^ ^ _ £ —a-I- 1 'AL . _ JL "- 'T.-.. .^^1 — — J ^ J. ' 1 — . . ' ' - ^ . _ ! _ •' -'X ^ ' ' . J. Li. *'~'> ' 1.- J . • ' .«• .n. -mmi-V^rmrt^CT •J''. i'"?,'', . l i m b s of -which are'inclined at low"anglesi;t6' thei^we"st,-"northwest,K: 

^ 7 ' Z , 1 ^ ^ ^ northeas-t,',"respe"cti'yely;s;5i-rj'i";.;;ii:;j^^^ • " - ' : 
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terbeddec 'minor scale Butler ' is also of the opinion that ' The front of the 
^'ver md^ range is determined by a strong north south fault with downthrow 
angle dî , | to Uie west * The presence of hot springs along the west flank as 
ment sug ' described by Lee ^ suggests that either frictional tension forces still 
1 may ^ 'interplay along the fault zone or tha t residual heat from effusive 

sedimeo- J rocks is still being emanated ^ East west faults cross the range in 
y Dennii I Pass Canyon and at the south end in Beaver Canyon Butler men 
workingi {bons the latter fault but does not elaborate upon it Other major 

trike ano J transverse breaks are suspected The abrupt change in the range 
-ith fault, t trend from Bearskin Peak northward and the eastward projecting 
could bt * grjuiite tongue from this peak toward the Fortuna Mining District in 

the"Bald Hills,-"are "iridicative'.'qf;'ianpther Hmpp e"a"st--west fault. 
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| i s obscure,, but there"';is.\valid;rea"s"on to believe .-that the two phenom- '7z.̂ ia'i!777^-

#;^:The; rela-tionship'ofi tlie}gr'arulie^;infrusiye -tb\t^ major uplift 

'difficult |;ena were iaffected by each "other, arid that mountairi buildirig forces 
the gold jwere during .or. iirimediately subsequent ' to the intrusion. However,, 
of,"Jura-" I at least three (irriport ant epochs of faulting have. been recognized; 

oils; rem- i;They are subdivided as follows: (1) pre-iritrustve faulting (2) fault-
dbng the I ing duri'rig- or. immediately subsequent to the intrusion, arid (3) 
ne,,-litho- ipost-intrusive-faulting. . ' •; ;, ',. -• -,;-n?•? " "' "̂ - "/• " 
id of - the I •"' .Pre-intrusive movement has" been noted at both the north and 

t south portioris of the range. The great,thrust block of Tintic quartz-
[ ite of the riorth erid, in the vicinity of the tremolite deposits, is ' 

arched to a slight degree by the near-surface granitic intrusive. 
Further, the thrust plane-consists of a breccia zone approximately 
10 feet in thickness -which has, been rriineralized by solutions rich 
in barium, sulphur, and lead. Several prospects along -the fault, 
contained galena crystals embedded within a'garigue of .brecciated''^ 

^;..umestone, quartzite and iriterstitial barite.- Accordingly, the writers . • 
^.feel safe in assigning this fault as pre-iritrusive—r-perhaps related to . 
fetne great Laramide orogeny-of late Cretaceous time that affected 
ri so much of the .iBasiri and Range Province of Utah. In this cori-

; S-?^*'̂ on it is of interest to note the Laramide thrusting as mapped/ 
<; |r.by Maxey and Dennis* in the Pavant Range, east of Fillmore .and _ 

ied as a' frJ^^nosh where Tintic quartzite is faulted against Navajo sandstprie." ^ 
irection, |.: ~*rnediately to the north of this area at the south end of the Canyon ; 
•ly east- }^;."^ge (locally called the Oak Creek Rarige). observations "of the ; 
e range', pj-^riters indicate that the Tintic quartzite here too overrides we l l ' . / 

;^P*er one thousand feet of younger Paleozoics. The quartzite block "•" 
IJiniakes the "capping" "or upper reaches of the range and is plainly 
^ v ^ b l e from U. S. Highway 91 ,a few miles north of Holden. Fur-
•'Hier,. .the flanking foothills of;-the southwest portibri of the Canyon 

•ft;V^;tWQ5(,therm.al-producinff-criteria; the-writers are inclined' to favor-the. emissionYof-'Keat'-'.;'^ -""^/^^''i'".'^!^^] 
^^^^ t f - i i s ive* igneous'-rocks^'as-Jthe hot' spring zone extends fair, to ,the* soutIiVfnto"'-^the'-: '*'-''>':̂ "-'-̂ ='̂ -'-" ^ - . ^ l 

- . - - - . . . - . — "--•is^•^r>^Ci^^T,s^u^wl 
^ ^ r \ •=*^ru8ive. Igneous;-rocks, -as,>the hot' spring zone 
g-Jj^'antejDesert, towlandffi" Thermo, ,'a: station on; the Los Angeles-Salt Lake'RaJlrbad..:was 
'of. J^^ed>:becau8e of . 'tbe/presence of 'hot springs." On the other.,hand,-the recency, ,of'r some -J :..j^..^.^j.„,--i^ r. 
Kii>» 5 ^ ^ ^ ' ' ' '^*"' ' '*"™^' also :reflects the possibility of present adjustments; along the-.,Oi§J'?;ivij;%3rv3rL | 
._^Ke^frOTit':;fault*. wHrch'undoubtedly would "generate heat. . .--^'-\ ..•," '•.̂ K-'-'l'̂ -'S-' --r'-'.-̂ " '•---''':5l^^"v'^^-.-.^'?^*1 

wsbnal'^Communicatmn—"G.'.B. Ma.xey anci 'E. P . Dennis; U:; S. Geol. Survey.~'-^-^ -'-'"' • - • S ^ l l ' M ^ . ' - ' - ' i ^ ^ 
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|^^a*;|^|'i'§":^" "zone."w'as . inineraliz^^^—subjected -',toi'app'arently' weak solutimS 
|^fe%%:^?v/- copper,~ silyef/rj'aii 'Over certain area's;- "Mariy a u t h o » ^ 

contributed ""to the" literature on the" regional'Lararriide def ore 
of late Cretaceovis^br early Tertiary time 'with respect to its 
upon B"asiri-and; Range, structui-e, but merition of; them iind' 
works,'i's'"^pu'rpo"sely omitted because of their"-wide'recognitioic' 
above ci-tations" are brought forth because they jpertain to a s&_ 
of Utah which" tintil recently was not recognized as having " ^ ^ 
gone severe"thrustal adjustme'rits." ••'-•" ."•'/£";i .̂',.J-'«fe.>••.,; t-.-'iM 

^ . ";.As previou'sly. described, the sedimentary strata south of iS'' 
Canyon; are offset by ,a riuiriber of overlapping faults that cauj^' 
imbricate repetition "of the beds at least three'times. These faults i«' 
a gerieral north-south strike" •with an" average, dip of approxiinati 
45° to the east, are more highly inclined than the strata, and 
the north-end -thrust are believed to have resulted from "Kê L, ., 
compressive stresses during Laramide times. Since-^-then, the s b ^ S 
graphic units have been tilted to the east, perhaps due -to the jr7^3 
itic uplift. Other pre-intrusive faults may exist, but as yet corr^^^ 

' tion is 'tindeterniined:;s7:y;''^ \-- - .77.-:^y^'7^^^ •̂ •-#̂ ^ 
.".'.;'. ;- Faulting during-or"'imrriediately.subsequent to " the intru^&l 
- i s difficult; to interpret. Determinative criteria which form the ba^ | 

for such'a" classification are: relationship to kno-wn pre-intni8\^| 
riioyement; - effect of the intrusion upon belie-ved contemporani 
displacement, and structural and rnineralogic. setting for fau 

.S.-.BV ,-*•*'=•'a ••- roofrpendant uriits. The first of the above factors can be" express^! 
^^s^^SS^-:". ; with a fair degree of certainty. The other t-wo factors are tentaUi% 
K^:S^i t^I ; - ' ra l though suggested by field e-videncer."J-T'•''/•''.•'̂ •...•;--->.i--'f;;̂  "*''8 
^^'^^Slgls^'^^iS'L-'T^o'yrid pos'siblyrn'orenoi-mar faults cut across the thrust-f^i 

, ' ^p r : . ' J i ^L77? i ; , . •.-•; j " . •- '• • 

$^iy7-^-7 

..._ .̂ , , , . , . . , ,. iy; acted'as; ascension charinels. for; rriineral-laden soludca^l 
^S|*?^f^;?^?-''Si^?P^^•'®4'-froin';•••& magm'a as, .bo-th" thei' normal and.ln*! 
i&fi% Ŝ̂ >II»̂ i thrust, faults';'shb-w"soirie "degree, of ore deposition.. Compounds;«f| 
^J^Ai^&f'ai'^.XiX^=-/'-^.-lli'-^.l:"-'i'^l ^-A *--.-1"-: ll '-i---"•-"__ J -J--11'* ' - ^1 . r - •' J.- . ' a J • J - - 1 * ' 1 'A i -* i . 1 . - /«»*'li-^ 

PS^^XKJS^,^*"-. are -considerably .faulted,";folded and, cru'shei ;.:Tygical^.examples. 
^^^3C;^Ksl i t t | \ e 'Oaky Big 'Pas's;^\arid'Oak; Basin;properiies^^^^ Iri .hp' case was Um 
JSS*S:s^*fe^gS:>;;"faultiiig traceahle"°butw'ard into "the'iritrusive':""iC6nseau 
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It I . Post-intrusive faulting" is apparent at various places in the 
j{ i;frange 'arid is more easily recognized than either tha t considered 
re|_K^ eontemi)oraneous with or prior to the intrusion One of the prom-
a^f^inent faults^ of this group" Is the'low-angle thrust (of granite upon 
't I f ^gramte), as mapped by Dennis,^ of Minersville ^ The fault is plainly 
ir J visible^ from""the Beaver-Milford Highway approximately five miles 
le'; ^;:,-nbrthwesterly^;frpm; MinersyiHe.' 1 ^ east-̂ ^^vest fault of Pass Canyon 
n*; | | i s also;R6st;iritrusiv^";'iNear"the Pass .Canyon"granite 
01 fe-is faulted "agairist' lirrie""stp'ri'e.'}r-Topographic "expression" rie.Eir" the;di-vide 
'if' fcisi"suggestive';"'.of" anothei- fetatW fault that veeirs, to the riorihwest 

yB itfrated ";b"y': "blickensides''' iri-V-o're-̂ ibb'dies," i-alprig7'the^;'coritact ~i.ofj|̂ ihe 
e: • fegraiute 'arid-'sedinien-t^ m'joint";frjictufes 
y-| si'jspf'.the. graiuter.- A' fault;..scarp'."irii;,'th'e.';exl^^ rocks of- the ''sbiith-

-••••••'•-••-••- •••'• •" • ' e'vi'dericie.i'of.vyerj 

;SMvV;, The Contact Zone iri the vicinity of the chief tungsten""prop-
n̂ .̂  II ierties strikes approximately north 35° east parallel to the general 
* .v; I .^^'^^ of; the rnid-sbuth" portion of; the range. Ori the east flank It 
e 7.- ^ is associated' with the large roof pendant which occupies the foothill 
s'~ t:;/helt at the base of the nioimtain slope and -which, particularly 
1 • ,. in the area between Pass Canyon and Barton Hollow, is 'conspicu 
1 : ously -visible from the Milford road a few miles, west of Beaver City 
..', lfp,.From the Milford road the;-wide band of white marblelzed lime-
>* ^ ; stone flanking the mountains northeast of Pass Canyon strongly 

f;; l̂ r. impresses the geologist -with the strength ; and character i of ; the 
' i Ki<'̂ '̂ ^ '̂̂ t riietamorphism caused by the intrusion, and prepares :his 
5 .| g;mind -to"expect the garnetites, epidosites, and other tacti-ve bodies 
' ' If" which are found between the marble and the intrusi-ve. North 

|.ifrom Minersville and a l s b i n the yiciriity of the 2 R's property,, the 
|,"-'',contac-t zone ismbre". irregular as ithe. in-trusive has "generally em 
Ij"; bayed and" replaced the sedimentary "strata across rather than paral 
^"-;lel to their strike. Ne.vertheless," a definite' garnet, crystalline lime 
R*:'.;. stone zoning o f t h e sedimentary rocks is e-vident. ' . ,' '.-!;̂ -.:,.;-.". 

M*f•'[••''. The Tactite Bodies vary frorii thick," dark brown, hard, massi-ve 
^i«.gamet lenses,' usually on ""the inner .side next to the granite, to 

,M li? r ^ , relatively even-barided zones of pale yellowish-green epidotized 
•;-,and.zoisitizedmarble b'eds within the crystalline limestones in ,the 
l-?^ter • contact • zone" next^jto^ the . marble and away from the ligneous 
''^mtrusive.. iWhere these. 'tactite zones have been subjected ^tp sui 

emirieralization, ' the oxidation o f t h e sulphide minerals, "causes 
^ . general ' decomposition ""of the • more soluble constituents o f . t h e 
I'ifually .tough compact tock",^resulting in a> softer,' brownish-yellow 
^M black'mass contairiirig sinall amounts of copper, lead,, zinc,.gold, 
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occurrence is shown in the plan view of a portion of the prnM=.rw' 
known as the Garnet group of Claims being operated by the l s \ '•'* 
Metal Mines Incorporated shown herewith as Figure 5 f '^ 

The Mineralization, where the contact is comparatively reini '* 
as in Figure 5, and where the' ore channels have not been d e f l ^ \ 
and complicated-by too rnany faults, seems to have followed 8%'.* 
sisfent pattern. The zonal , arrangement. goirig . outward fronflj* 
intrusive indicates (with irregularities arid exceptions) a seqQ§ 
of tactite' beds (corrirnonly "called dikes by the" prospector) sho#. 
progressively a dirhinishirig grade' of metaniqrpihism. " ,The pail' "* 
may he idealized as follows:;, -.•"•"h-:li.^7.7ff!7^.j^t-r^--~' - . - \1^ 

--(-1) "Nornial grariite;--j;.;:~/iV:.- •.7c.-.'^:y7:-':7-(^7^i77^--'. . . ;f;^ 
(2) An irregrilai 'band "consisting of. kjirriarginal facies ofjx 

granite usually marked by the absericeof-bioti te and the relai 
abundance of pyroxenes, amphiboles and minerals of the epidt' 
clinozoisite group '. ; • 

(3) A narrow, more or less crushed,- zorie, occasionally maA * 
with sehage, giving evidence of "pneumatolitic arid hydrothcru 
alteration, and characterized by such minera ls , as fluorite, muf.-
•vite, tourmaline scheelite, and molybdenite along •with later hyi' 
thermal minerals such as chlorite, damourite, pyrite, chalcopynli 
and galena, which seem to have followed older channels of esc'li* 
of the mobile constituents distilled from the crystallizing magi* \. 

(4) Garnetite often massive and hard if composed of gajT ' 
alone or intergrown with quartz, epidote, etc , but sometimes f i i 
and crumbly due to weak or partially dissolved interstitial cemenli., 
minerals, such as calcite, chlorite and biotite Diopside is a pron 
nent associate near the intrusive and epidote near the limestone. T 

(5) Calcite-wollastonite marble, occasionally with fibrous tr»-
t ^ 
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(6) Garnet-vesuviariite-epidote tactite band 
(7) Crystalline limestone '• A^' ' 
(8) Epidote clinozoisite tactite band ^ ' 
(9) Crystalline hmestone 
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The number of tactite bands is highly variable Instead of OB * *••-. 
three bands as shown in Figure 5, there are, as in the case at »>» 
Big Pass Property, often several On the other hand, .there ma>b' 
only one The intervening crystalline limestone be"ds\"are then n i i ^ 
ing so as not to separate the different facies of'tactite'iritp differt^ 
tiated bands "When, as was" observed iri one case.iri.^WeU Canr^ 

' ' the tactite zone is thus telescoped into-a^ narro\v7barid..^f,transit 
Irom the 'inner intrusive to-^th'e^'oute'r;;liiriest6rie'rcbiinlb,i^i'r'ocKi^ 
relative positions of the coritact silicatesJ^-witb.Vefer^rice "to 

^ sion may, in general, foll6-wi-i-the''"sairi'eif pat tern :"-witH 
"band as described for the s"u'c'c"e"ssive'b"arid^"^pfovided'the''comp- ,, 
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The scheelite ore is found to a greater or lesser degree through 
^«ot the successive facies of the contact zone Characteristically, how 
:*^cer, it is best developed in Zones 3 and 4 It is often in high grade 
'"ijtreaks in Zone 3 where it is concentrated along channels that appear 
^to have been feeders for pneumatolitic tungsten which often became 
^pounded or entrapped within the confines of wider zones along 
with garnet masses forming disseminated intergrp-wths of fine grained 
scheelite withiri the'garrietite,' or even'(less characteristi"cally)^-within 
{he epidosite of Zories' &^or"8;i Ori iDutch Mountain in ;the Gold Hift 
District the writers have observed high-grade rnasses of ;pure scheelite 
Isolated -within marble ribbf"pendants "a-"considerable; distance";from 
ony garnet or other 'cbritact silicates." Howe ver,''. rib ̂ isu'ch exairiples 
were found ih "the '^'Mineral .Range " everi" though "the ""relatibriship ot 
the roof pendants ' to the ' tactite zone', and "the iritrusiv'e body is 
otherwise very siniilar.'"Prospecting with" the -fluorescerif- laihip riiaj 
yet reveal in ' the Mineral Range the existerice of such high-grade 
"pockets."' .;.''.H^A^: .̂i,i4^v'̂ •'y^:•.-;;-; =v. ^.l-'-'-iV '--7•7'.')'7Si^:'7'T77.^-77:'^': 

The tungsteri" deposits of. the Mineral Range are sitrikingly sim 
liar iri both the characteristics 'of the scheelite (the only tungsten 
bearing mineraLnoted) and thie inanrierin which the scheelite occurs 
All of the deposits examiried"". are-located in ""contact "inetamorphic 
rocks adjacent to the. granitic intrusive. Nearly a l l of the scheelite 

' occurs in tactite as small disserninated crystals tha t -fluoresce" cream 
to yellow in color -under the ultra-violet ray of the "Mineralight, ' 
indiciting the presence of molybdenum isomorphously replacing par t 
of the tungsten in the scheelite. Pure scheelite which fluoresces 

J blue-white and occurs in large euhedral crystals is present in relative 
, abundance on some of the claims,,but this -variety i s rare when -the 
- deposits are considered as. a whole." " a ".-..;... .1; .,•-,". '- ';""• 

Because of the presence of scheelite in most of the tactite zones 
.^examined, it "is not urireasonable to assume tha t pne.umatblitic solu 
bons containing tiirigsten were expelled along the periphery o f t h e 
Rranitic intrusi-ve and that wherever physico-chemical conditipns were 
favorable, scheelite was deposited." Thus the possibility exists, tha t 

ij'.'weelite also may be present iri other cpntact rocks of -the north 
^ e a s t , south, and west flanks bf the range. ' '. ' ' ;. .' ^ . / -
^ ^ - I . ; ,- . - • • • ' - ' - - " • - • ' • ' - ' " -^ ' • - . ' . . . . . ' . . • 

' ' DESCRIPTION OF-INDIVIDUAL TUNGSTEN PROPERTIES . 
' ' --7.r. 7 OV THE MINERAL RANGE r':7.:,.7.-'.: .̂  . 
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The tungsten occurrences of the Mineral Range are by no meanb 
^ Restricted to one or , two properties, and no doubt turigsten deposits 
m \a r e present other than.described in this report. Tiine did not per 
ffi* Silt an exhaustive study of eaich deposit, nor w"as the re opportunity 
l^(*P even -visit all [of "them. The original assignment"[w^as to .make 

^^wminary examiriatibris; of the Big. Pass, the Garriet' and the Cpn-
•jjct properties.-.However, because of the close relatipriship of'these 
^ree deposits in geogra~phy,; structure, ..mineral associatiori, and gen 
^ ^ to others iri the imriiediate--vicinity, it* seemed adyisajjle to iriclude 

Drief summary of srich facts as; are knowri regarding the'adjacent 
^•Posits. iFurther incentive was to gain a better "perspe'ctiye'.ofthe 

Posits in question^ with relation to. the'mineralizatibri as "a whole. 
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-i .-> . .C--BIG PASS GROUP 

The location of the Big Pass group," consisting of twenty ovet 
jing unpatented claims is on Tihe north side of iEast Pass Canyon 
s IS near the southern end of 'the Mineral Range east of where 
• prominent canyons draining in^opposite directions have by head 

R^ard erosion formed a low pass "in the mountains over which ore 
'•and supplies "were once freighted with teams between Beaver and 
iMilford The town of Beaver lies approximately ten 'riiiles to the 
|east of the property See Figure 2 for location of the Pass Canyon 
iRoad and Claims " " , ~ " -̂ .̂  ̂  

I Ownership of the Big Pass group was, until recently very in 
|volved People interested in three overlapping groups of .claims were 
Pin litigation I n order of the chronology of their location these groups 
f were the Hope Chest group of three claims the Contact group^ of 
twelve claims and the Lucky Lu group of five claims Consolidated 

I as -they ' now are * they " coiripf ise "-approximately 'the " equivalerit of 

i
right fuU claims: -• r7'"^^,'7''^!f^7'' &-^^-!.'7:'7-i-'. 
^ The.-property is not a rie-wly-discovered""mineralized area Prior 
fc 1900 Claim No.-.5 o f the Contact group was worked for lead, silver 
and some gold. A large portion of the underground workings shown 
on Figure 4. was developed during this early activity However, 
*"ith the .cessation of the- original mining operations, the property 
.«fas idle until 1937 when the Lessirig faniily of Beaver County opei 
ated a certain section of" the prbpefty for gold which occurred in 
.high grade'biit "sp'ptty". pockets along' the """contact zone in a white 
ttystallirie'lirnestone.' After the , discovery "of scheelite on the prop 
^ y three sets of claimants asserted" their alleged rights and became 
.Oivolved in a lawsuit for bymership-. By stipulation, it was agreed to 
*nd the suit by cbriipromise so tha t the three contesting groups of 
parties shared" iri- the legal title. As' a result, a comparatively large 
;aumber of persons now own fractional interests in what is tentatively 
, ^ e e d shall be known^a^ the Big Pass group of claims Mr Ambrose 
f^cGarry has recently acquired a ten-year lease on the property 

.^ ,? ' ^ ; "Hie ore deposits of the B group of claims consist of 
f '̂.gfpical "contact rrietainorphic" deposits, together with some later 
-* ̂ ^ re-replacement depbsits containing gold, silver, lead, copper, zinc, 

J*d na^g^riese.-Iri many-respects these ore bodies are similar to 
we ore-bodies" of the Garnet and Contact properties (to be described 
,'?tet)".\The„;yi^ues occur in'zones of. tactite varying in composition 
; ^ ^ texture frbni those composed" chiefly of garnet (either the tough, 
" S ^ yariety ;pr the;'altered," Eriore.Jriable.type) to those which con-

-̂  :i»..-.i-^_:ii„4.-.!v.->,n^of^n-<.p' tremolite fluorite pyrite, anc 

h'H^^T 
'Efs-

""' p } . .̂ „. 

- ^ 

eranite extend irregularly 
.^.. . . .ongues-irom ^ f ^ - ^ ^ ^ - ^ ^ ^ ^ S % & m this vicinity form what 
!metamo,iKosed sedinientary. ro^kyj tocn, ^^^^ ^^ ^^^ ^ ^ ^ ^ ^^tru 
i h e l i e v ^ t 6 ' h ^ t large roof pendant ,op^.^ 

I 

:',?Contact Fraction".;.discussed unaer i^ 
-•^specUvely. . ~ ^ , « / • " 

l u ? c X ' = s r <=?'»»?• 
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/sive It i s near the'contact of the intrusive' rocks with the _ 
(tary formations, ' that the tactite zones were formed extendi^^ 
erally arid uipward along favorable beds as metasomatic replac 
deposits.;:"Nb.;"pfomisingmineralization was noted in. -the 
proper! Dikes^^and sills of .pegmatite^ aplite, and a dark i . 
appearing' rock-;(rich iri "ferromagnesiari minerals) are riot uncor 
as apophyisesbrthe parent igneous body, and occasionally they 
small arriburits,;of-ore"..'niineralsi, • . - • ; • .'. ,., ' 7-.^'''.-' .v-if̂  

Ori the "east side; of ;a ' r idge between the old gold "workin^i-, 
the Lessing fainily arid the area where most of the "tungsten de^S 
opment is now beirig;"carried.. on is a prominent zone of cot 
metamorphism. Here"; the original: sediirieritary rocks . have 
changed -to ian .area^rbf-beautifully colored (predominately 
yellow,-and brown")"i-seriSentine, ophicalcite, and finely cryj 
marbles containing wollastbriite. and short-fiber chrysotile (asbe 
This area . was "lariaped" during the investigatiori, but no sd 
was found. • . -. - - -̂  " - . 

- - • . - • - • ••Sism 

Prospecting of the surface by a number of trenches which cn^P 
cut the tacti te bodies has; exposed scheelite in every instance. 1^* 
tenor of the ore,'howe-ver, is variable .^fromiplace'-to place. Most^""' 
the ore exposed in" these trenches" will average less thari 0.50 p e r o 
WO3, biit it is riot' uncbmnion; to ge t ' small, higher' grade st 
carrying froiri 1.0 .to 2.0 per cent;"Using fluorescence as a" cri' 
to estimate quaility, it'seeriis apparent that much of the o re ' in . tS 
operi" pits and trenches can be classified as a' good grade mil] io^^ 
Although the geology of: these tact i te zones; has riot been worl 
out" in detail, there apparentlyi^exists 'a' considerable tonnage of" 
type "of "material.;";.The"niajbrity: of:these' tactite zories strike' norftf 
30°ieasf";and dip "steeply;to the^'southeast, although 'a lesser num1»̂ f̂ 
. . . + . . . I.-r^"-'»*^^-.-ri4- —.-.4- •*-. y^..4-1-» .^ T^ rt-• -r t .T- . .1 / - \—l- i 4-.-. . + 1 . . - . v^.-. .W-1^/-. .^ ^ . + - -. I V, . - , , . . OS.O^^BWS^ 

zories;;vary considerably;in 'a'ppearancb.; Some, containing large quMS 
titles of - irori'.*brigiriall-y ̂ 'as "p-yrite. ihaVe been oxidized and weathere8| 

iu]l|i: _,, - ^to a-brownish yellow" pofoiis rock, while others composed chiefly,;«f 
f if- '.̂  j ^ ^ ^ .̂  2. treriiolite_;fliiqrite. s'cheelite,-"^"and c"alcite'. "'are riiore 'massiYe..;-A. tKroi 
\)P'7i7.1.'^~.. " t-vpe", 'a brown": t(^ greeriish-bro-wri''garnetite, is"e-veri"*rnoriR riias'sive/_a^ 
i'r̂ ^ f̂-̂ v -̂.-•."" resistant to;, weathering; "formirig bold dilte-like outcrops^' and ndgi^' 
rj'-'-^.', 'ifjl All," however,'" represent "riietasomatically feplaced^'irripu're liiiestoB^ 
.1i.^'i':7'lZ'.' and"most of them coritain tungsten" in the form of scheeliteiVj^^i'i;?^ 

,̂,, _ ,^,^ " Developinent was originally carried ori, as meritionedpreviou^i^rf 
i'^'^^'-i-d"!^'' , i n search of gold, sil-ver,;'lead,, and copper. F igure 'Nbr4 shows ^ j g 
'^^J:''"s^i^'i "workirigis-of the largest of .'these bperatio'ris. The inairi "'tunnel p r i * ^ 

'-•"•• ^ - pected;,a. fissure"carryirig' the..;silver-lead pre. - Stopes .iand'-winii^p 

f \ J -

m. i^ '-V---

; , * K " - A— ... 

^%S^At.^\i.-L,'.. turther,';pr6spectedT>-the'. ore" irerids/'-iHand" specimens"; ;taken.,,B^-i:f| 
i.jf-'rfe-^t''^?:"' stope*'apprp"xiiriately.''4QPJ;.^feet frorri'ithe'. portal of 'tlie.'.riiaini a ^ i f 
yi''ts^J!_^" ^""consisted .of malachite,""'^aurichalcitie,'''galeria;;J^ J^roat&| 

'•"^'l/^'"'"'-''""' ^^Possibly'";"arg"eritojarosite)'"'-'iri a '.rar,;̂ ;-^--"--''-'"-

E" ^̂ *̂  the character of 
i P ^ ^ concerning th< 
' # ^ - „ of these gold, s 
7 ^ ^ However, as in 
M ^ ^ n r e h a b l e . . As n 
i f ^ ^ p s t contains con 
i ^ ^ ^ r and scheelite. 
i S S ^ ^ e i y 50 feet 

-S^exposed on the 
v^-^rs) a s s . a y e c L S ^ 

^ > f 2 i t to the high 
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fom the character of the exposures examined and from the facts 
^aned concerning the history of the deposits, it is evident that 
rtain of these gold silver lead and copper stopes were very high 

as^noted m the graiMrade However, as in similar contact zones, they proved spotty 
te, and a dark green!Knd unrehable As indicated in Figure No 4, a lateral drift to 
"rais) are not nn^^—"Id!... „ cat- nrvntams fnn<!idprablp amounts of pyrite associated with 

as^noted m the 
d a dark green.^1}nd unrenaoie ."-b iiiuii.-<ii.<..u m j-igmc .L,^ ..., c* ^— - -
are not uncomm^'lhe west contains considerable amounts of pyrite associated with 

a occasionally they . . . ^ t. i. j .....A „ +l„o Ar. ff fnr Buonte and scheelite One such body is exposed in this drift for 
'approximately 50 feet and the scheelite showings are among the 
liest exposed on the property Grab san;Eles__lnot_iaken_hy—the_ 

iters)^ass^ed 3.65,.2.75, .and 2^4g"'Be£L-centJZIX^_The limestone 
i;«nefra€e3"15y this drift is completely marbleized -arid :highly shattered 
JiSdjacent to "JJthe '".high-grade ;"zohe',; sec'tiori's ' ;bf " the;'; limestone are 

4
|;(Krt.remely crushed'and broken,'.'some of which .coritairi sriiall crisscross 
ISssure system's filled with limonite. "These veinlets i occasionally con-
|tain isolated blue-fluprescing'sch'eelitecrystals.: Evidence of faulting, 
i'chiefly parallel to. the "ore-drift (.also parallel to the grariite contact) 
fa indicated by the slickensided "hanging wall" exposed by the drift 
feto the ore zone. Other mirior fault zones'are ialso exposed most of 
which strike wiifch the drift, but "vary iri dip from steep to gentle in 
^southerly;direction,-; F ii,"^^';i.i;;^''^^."'';f;;;;: . \ 
:;.ij Duririg a-iiight'investigation'with ari" ultraviolet lamp, the writ
ers located the source of scheelite "float" found" on the. west side 

^rescenceas a ~ •+ ^'-*'' ^ ^ prominent ridge some 500 feet east bf the nearest tungsten 
ucH of the ore ' ^ tin RS°'^^*'^S^- This newly discovered, outcrop. was prospected and now 
good grade m'lT K'^'^°^^^ ™ a .short open" cut "and" a shaft 50. feet ,in depth a very 

has "riot been Kaf Rf^ '^^^ '^S blue-flubrescing scheelite orei zone which it is believed will 
arable tonriaee ^f"thii B^^T^ ^ excess of 2;0i per cent WOV. ;The scheelite occurs as coarse 
te 'zones istrike' rti l i ? ^ * ^ crystals embedded ih green, Urne-rich. cbntact rock, adjacent 
ough a lesser nu h& B J I P * ^l^ite crystalhrieriiarble bed i-which parallels the ridge. The better 
:heast. .Their-avera^^^^B^*^^ scheelite ore is irivariably associatied with fluorite, the latter 

.^^"^ineral often surrounding the scheelite crystals. ; ;•-.""-

^ ^ ; : Production of .tungsten-ore corisists of 50 ton's of scheelite bear-
^J™g tactite" -which was hand-sorted,' sacked, and stored on the prop-
_j*rty ready for shipment -when" road facilities can be provided 

^-Transportation facilities are good. Appi:bximately.3500 feet of 
"^d frona thie Pass Canyon road to the main, workings were con-
.wucted lindfer the auspices of the U. S. Grazing Service during 1943 
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^eretofore, î the property has been inacc|ssible because; m o s t of -the 
B*^elopment has been ;cpnfined to an;area roug:hly 500 feet above 
^ f Pass .Cairiyon road'."; Ultimately,. i f ' t he prerbodiies''.riow exposed 
^ . . t he higher ei evasions prove of' econorniic ;iriipprtanceV-sinking must 
^^cessarilylbe idbrie to .follow the; steep>pitchirig ore 'zones At such 
P ^ e it. inight; be wis'e to drive a tunnePin a nbrtherly;'direction from 
^^suitable" site at the base of.the hill, preferably "on one'of the. tactite , ,. ,....-̂ ..,..ya,. 
S*"*^^' ^^^'^^^^-"nier the' ore-bodieis riow .exposed. Such .a •pî roject''.;;-ii;.:;4;'|!"̂ C|̂  
•&. ould Kave58b;twbfold advantage, fc>r rt Would "not only develbp o r e ' T;,^5A ii%l 
1̂ -1 *epth, ^rriiittingstbpirig;riiethods' of" mining to be utilizedji 

ari "additiorial advantage of ̂  servirig ' haulage laterals 
i could intersec ' ' ' ' '^ 

apparent on the property 

„ - - - . „- , ,, - ^ . - . - b"*v.'''?d*'?i!«5* 
L*ould' ha?e ari "additiorial advantage of" servirig haulage laterals -7.i~yiP-' 

^ ^ d e p t h which could intersect 'each tactite ..(northeast-southwest) 
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THE MOLLY GROUP" 
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The location of the Molly group of claims is on some lovp-i^ 
foothills drained by the intermittent stream of Little .Well G 
The claims are immediately southwest-of the Oak group. - See 1 
2 The property is covered by three urip'atented." clairns" cont^ 
by Joe Fotheringham of Miners-ville arid as"sociates."5i,t•Ji.%;i|.A'̂ ;;JĴ ^ 

•'••̂ ••'••- '-•-•.A • ' - 5 ^ ' ^ - - = i - ' ^ ^ ' O f S i ? 5 ? l • ^ " * ; ' ; % ^ S , a 
Occurrence of the scheelite is confiried "to-'tactite"zories i n ^ ^ 

morphosed limestones near the main intrusive.'• It is*'typical of*S 
tungsten deposits of the region The liriiestones of Little 'Well:! 
yon have been subjected to varying degrees of .imet'amorphisia)#i 
the spur southwest of the wash; and below the old lime kiln,^ 
hmestones have been little changed arid some,bf'the'iri coritain P^' 
ZOIC fossils At and near the lirrie kilni-"' and' farth'er "up -the cany 
in the vicinity of the scheelite bearirig' tactite^" niu'ch of tlie 
stone has been recrystaliized into a snow-white marble. The la 
tactite body observed is located several huridred feet nbrth-R'est? 
the lime kiln and is exposed by surface trenching and a shaltJ 
shaft It consists of a vertical band of massive, brownish game 
approximately eight feet in thickness" which . strike's to" the nor 
east Small -vugs in the massive garriet'are lined with brilliant eu 
ral and subhedral crystals Green, "coritact silicates" were notedlf 
accessory minerals but they coniprise only'a; minor percentage 
the rock mass The garnet body ^was,̂  offse.t.Ĵ by - a. small' fault -wi 
may have permitted some post-garnet mineralizatipn.' SulphidS 
chiefly pyrite and their oxidation prqducts,'r-were noted in this'ME,* 
The work on the garnet body uridpubtedIy)^as"^dbri'e'''X 
in a search for gold silver, copper,.:{ete'lV ŝugges.ied>b^^^ the partifliB}. 
oxidized sulphide mineralization 'expb'seji'̂ in.'-srirface -̂̂ ^ 

Grab samples collected duririg TtlTe •'i^daylight;^%ariiinationwCJ* 
subsequently "lamped" under ult"ra-yiolet;,;light" and'Jshowed' appA* 
ciable amounts of scheelite Although'the~.sa'rnple's;werie riot assa^a, 
the fluorescence of some speciiriens;iridicated: approximately-0.7.*) 
per cent Wp3 : ^ J ^ P ^ I ^ ^ ^ l ^ , ^ , ^ 

One hundred feet to the ribrthe'ast, acrpss ;a '̂isrnall ravin^| h 
tactite body is exposed on a low-ridge".'̂  ;lt;, cori'si|ts^j;hieflyi;;o|| * -
greenish yellow mass of silicate .minerals teiitatiy-elyjidentified^*-* 
tremolite vesu-viemte and epidotfe, "iri a'"ground-'riias's-of quairt̂ ^̂  

__ 1 I. 1 ''-'-'*' -----°,--.,"«»«-• •T̂ ii'fisV̂ -̂̂  -'.''iSti ? SS>'" ocneein.c 
calcite The trend of this tactite "was similar to'the- garnet WW'' ,§ '̂ m̂ A cirfnpp 
previously described, l e the strikei;being'. ribrtli'eas^^--with a^ 
(almost vertical) dip Because of irisu'fficiJri^fexjT^^res, .the ttl^^^^-!;t^|^ and al 
ness of the tactite could not be accuraibely '̂d^l'̂ rriiiri.ed'ra a ^^J^^^^ ' ^c t i t e pres'ei 
mum of four feet Grab samples^'takeiff2sve^e^_negatiy^ parallel 
ultraviolet ray but this does not'mean tMt*tfie*-whole "zorifi'D^^fe^^K^lensiori of 

u. ._ u rm. t'-j.^:. .jL..L-̂ .-':C-L -̂ji--î -.'Mi.-.--iii::i,MHMjmm.̂ m6 property.. 
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sarily is barren The nearness of this tacEte;'bodyi'tdl;the'_.to.^,^ 
zone which has fairly strong cbiicentratibnsi*<rf^^scheelit^ 
that the fd"rnier should bp tVir>rr. crV.̂ .. "i-ii:-- - i>i^--' «• 
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OAK GROUP „ ^ 

The location of the Oak group of claims is immediately north
east of the drainage channel of Little 'Well Canyon To the south
west hes the Molly group and to the northeast the Garnet group of 
sJaims See Figures 2 and 5 The Oak group comprises two full 
unpatented claims side by side with the long direction northeast 
Jouthwest The northeast claim is the Oak and the southwest is 
the Oak No 1 
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.. „. ,--.-.*_̂ c; snarts and a 
, .*v,i..cs.. ifte" exact relatibriship between the 

P ;̂s.«uute andthe" sedimentary rocks is not. known,i but there is reason 
R ^ believe that the sedimeritary series now being prospected are a 
p*o^-pendant isliver of.irather narrow, -width but" of."considerable 
K j " ^ ' the long-direction, being northeast-southvv-est, the apparent 
BPP being to the. southeast^. The sedimentary rocks no-w existing 
@ i ^^'^tites and coarsely crystal riiarbles,. have been impregnated 
|S«h'tungsten-bearing solutions and have been subjected to rather 
fr^'^re stresses. This is well exemplified iri the" underground work-
•'^S ^^ere it was noticed that the sedimentary, rocks vary consid 
^^Wy in dip even, over short . distances arid in places have been 
^Pjwited to crushing and faulting. i" i ; , - - :. ':•:;•.; ••'̂  

t Scheelite is exposed iri most, of the workirigs, both underground 
surface, occurring as fine disseminated grairis ,in a,i, light buff-

'^ garnetite. .This tactite is locally known as the. "upper.garnet 
' and,aJthough'.ifts .strike is consistent with the 's tr ike. |p ' f ' the 

te present on thei i.Gamet group of clairiis, iti.lies strat igraphi- , 
, ^ ^ P^allel and several',hundred feef west of where tlie 'southwest . -
Fil5^P^°n of. the tactite of the Garnet group of,claims outcrops bn 

f ; ^ P e r t y . Thus far th'e latter zone has not been prospected here 
'^tne main workings .consists of. a riinety-fobt vertical shaft with 
5®. • exposing but ' l i t t le ore,. and a new shaft,; located a short 
'fi'^ .. '7-'7'''̂  . -7'.-... .-.;;. . " • • - - ' " ' !:% -' 
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distance to the west now being developed Thus far the lattc*!'^'^^* -' "^^ geologic s 
been sunk to a depth of thirty five feet a t -which point an eashiS . ^ ^ ^ ^iSarently the^ .9°^ 
drift was run follo-wing a garnet ore bearing zone 
five foot level of the new workings fhe ore body althougb^s, 
grade appears promising Structurally however the ore zone to^ "̂  
ates changing from a gentle southe-^stward to a steep N 63* *•'' 
dip with a northwesterly strike Because of this fact a -winze"!.' 
been started at the fice of the drift on the thirty five-foot h* 
following the ore If a continuity in strike and dip of the ore ju rO 

'^«,tA.#^«o">«;'°'''' 
, |J 'sedimentar^ .ser 
SS-cfopment. " 

being followed downward by the winze should be proveri'-'-Mt' 
downward extension of thisf*!,-*-i 5flti^ely connnea j | 

ety foot level of the old w o r k j ^ ' ' ' f ss^cr the ultrayw^ 

Howe-1 
-^bottomed at comj 
'f^ be an advantagi 
| 3 l o w but relativel 
g jUons perrneate,,vj 
- • ly confined " 

, 

further development then the 
could be inteisected on the nincuj j . ^ ^ . . x.^,^. yĵ  ^..^ v̂ î  yŷ jinuum , x JBKW i, • -
short distance in an eistward direction from the face of the ; ^ » *-^ ^ ' o p e n tren^^^' '̂̂ ' 
eastward trending drift Naturallj accur ite surveys should be nu.' '. ' '^ Onlj' local' hign-gra 
before any contemplated development of this t>pe should progr?- " '̂ '̂ ^̂ ^ ^° J°'^V.+ rn''" 
also because of the rolling n i t u i e of the ore zone thus far deivi^ S should undoubtedly 
oped enough work should first be done in the winze in the at.. ., X X'i'̂  
shaft to assure a continu ince of dip at a consistent angle. Caĵ f., . S ''̂ 7>. 
consideration must be given these points .- ;';?"J "^'t 

On the ninety foot level of the old workings a tongue of ;!}•-•.,,* 
granite has been exposed The granite mass frnble and somevili.* % 
decomposed has a porphyrytic texture with large phenocrysts «*,'' » 
reddish feldspar The -̂ wo main drifts on this level have been'̂ TX.''''''* 
in a southeast and south direction respectively Here again slnii * *"j 
tural variations of the sedimentary rocks are apparent.- Measijft ,»%£ - ' ,. ., .-•-••.-
ments taken showed a strike of N 10° E with a dip of.'SO^- tS^tht,' | <sipatented claims,. V 

ce of the southeast :dRft*-i "spproximate tandem 

} The location ot 
gaiik of the Mineral 
^ t i o n of the Pass ( 
isat side of the "rang 
isAme from ithe; iabui 
«mtact m^tariibrphicj 

% " ^ '• 

southeast Between the shaft and the face -,. .. - -
there is e-vidence of the beds being overturned, the latter ^^bcir" *^ 
adjacent to a distinct faulted area Fault gouge c'ontainingisericitiiti-'i'.ji? 
chlorite white to greenish colored slickensided surfaces^arid flattens "1 
pellets of serpentine are pre\ alent in the fault zone approxiiriatdy -a 

» , -^^tx^'-'i'M ^ *-A 
. .c A.. . . . r . j i^^. . .^^ . . . X 

twelve inches in thickness 

l i ^ ~ . ^ 

The south drift encountered only non tungsten bearing- inaJTJ't'v ^| 
ized hmestone I t is inteiesting to note tha t if a down-ward^jxtcB^-s 
sion of the ore bearing tactite exposed in the winze of ittnelncff^, 

' workings does exist at depths the southeast and southijtreridiiy, 
drifts of the old workings have actually been extended'jawaytfT'"^'^*' 
the ore bearing tactite On the other hand if the sedimentary .toe 7 * 
series do not continue sti atigraphically eastward over a great 'enpHjP?*, 
distance the ore bearing zone could be bottomed bef ore ̂ reaching tJrf-
ninety foot level ^̂  f ^ ^ i '^Siff^- » 

A short distance southwesterly from the main worki^s;,.a sn™* 
low shaft and open cut have also exposed tungsten bearing„tactitfc i ' 
The open cut is approximately one" hundred feet in lengtlTextending^^ 

•in a S 55,^J3^direction from the portal of the shaft Thc!'first;;fo>+V 
feet composed^ chiefly of garnetite averages 0 28 per||ceriVf"v' 0 
-which is followed by an interbedded resistant limestone""and.;sua^sai 
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.^The geologic setting is indeed interesting and very complex 
.?^l4ppareritly the complexity and change in structure is duet to hea-vy 

7iro,g 'stresses 'during the intrusion and possibly post mineralization 
fefeulting of the roof pendant sedimentary block To what distance 

tfcc'sedimentary series may extend can only be proved by further 
''development However, it is well to bear in mind that they may 

act, a -winze lu-P̂ fei* bottomed a t comparatively shallow depths However, this could 
"^.y-five-foot lertWaJso be an advantage, for the ore bearing tactite"^ may exist over a 

of jthe ore zoslif ihallow but relatively rich lateral zone The original ore bearing 
•~"proven wiL*^'wFutions permeate favorable areas for hunerahzation resulting fn 

' relatively confined but rich ore deposition ^ The ore, as observed 
'̂  ander the ultraviolet lamp and assays made on tha t exposed in 

ihe open trench, indicate rather large thicknesses of mill grade ore 
,Only local high grade bunches, however,^ observed by the writer, 
could be considered shipping ore, thus the-"ore body as a whole 
ihould undoubtedly be classified as marginal 1 
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\ The location of the Garnet group of claims is on the eastern 
Sank of the Mineral Range and is three miles north of the inter
section of the Pass Canyon Road with the new access road on the 
<TSt side of the range See Figures 1 and 2 The group derives its 
Rame from the abundance of the mineral garnet existing in the 
"'fit.ict metaniorphic rocks of.the area. The group consists of three 
'ipatented claims. Garnet No. 1, Garnet , 'and, Cpntact Fraction, m 
•Pproximate tandeni position,.from southwest to riortneast; "respec 
'•rtJy. The Garne f is a fuU claim;;;60Q; feef^by; I 5 M feeij^Thb^Con-
'Ct Fraction is a.short clairii;pf;pnly...il-^^ length" but having 

"̂  full claim width.,,oifi 6()0...fe^et;;,,Garriet'''"Nbr.il-i^^^ aV,.;fractional 
•̂̂ lun. Its southriastyprnei-:is;":iri;corhmon withi^th^ coiner 

f" '" 'irt ^ Garnet^, claiiri,'., Hbw-eyer,';.-it; is" wedge-sh;apfeid,i. fieirig less. than 
•• t» W feet in, lengi;h"'iand about *5.00yfeeV^w^ end 
• f 1? approxirriatiely 300 feet Vidie"af:thriiisiouth\^i^ 

* v- ftt\_ - - -*-- ^ . i ^ V ' ^ * - - . " - . i . ,}b. .a ^ - . . -, — •- -'-....f ... i- . . - - .-—.. •'.^.^.:'--'-- -• . ' . . - - ' . . . . ' . 

4 ' iJ n l^ o-wnere, :i;Ariibr'osei.-^McGarr'y 
J . «1 Dr. Harti'ejr ;G; vD êvŝ .ey'.M ;Arigeres;'i;have pleased i the 'claims 
«. ' _ - * fl nO*'-I/-\j-I ' ^ / ' ' - ' O r i - " " - " - ^ ' - : . ^ _ ^ i ' .^ ' " ' -Aii .U ' . I 'T^ ' . ^ ' l l Jv ' TV T ^ . * - r t l ' TV^;*ii.rtr. " ' T n n f ^ v , n n . ^ n 4 - I ^ A 
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lexn ex î.cu>^ - ^ , 'rhenl Co of Chicago John Bestelriieyer' is mine superintendent 
Vhe first f o ^ I V " ' . ' ^^^'npany was granted a $15,000 00 loan by the Reconstruction 
CUT- ppnt ^ ^ ' "a^" *'. '*^^ Corporation in 1943 to assist in the development of the tung-

da§ "*»?, '"Ore bodies on the Garnet group of claims 

e very ^ .4 .^ Vft^r?^^ . «e ore "deposits l)f the Garnet claims consist of a number of 
'^1^ 1̂ lortheast-southwest, nearly vertical scheelite-bearing tactite 

]i l^^ ^ l u c h ^ a v e been prospected on the surface by a number of 
'* ' *^st-southeast shallow trenches Because of the nearly flat 

- ^ --4," . 
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surface of the topography, two vertical shafts have been SUBV 
prove the ore-bodies.*"at depth. The new shaft, now in use h a ^ ^ 
sunk on the middle.'garnet zone to a depth of, 100 feet with 
drifts' on the 40 and il()0-foot levels. iFigure 5 ' shows a 
plan -vie-w of a portion of the claims with the workings of the 
level superirriposed. .'>-". • ; - • . - . •• •" - ' -li.̂ ? J-"'- i S 

• On the 40-fbot level the scheelite-bearing'garnet contains-^ 
types of scheelite deposits:"{.(l) a finely disseminated scheeliib" 
garnet, which has thus far yielded.two cars of 0.70 per cent VS 
and (2) a richer but much more spotted vein-type of scheelite, \̂W 
apparently deposited in shear" zones'and joint planes of the tad 
host rock. . iBoth types of ore fluoresce "yello-w." to' cream, under i 
ultra-violet; ray indicating the presence of molybdenum. The sh 
zones ha-ve a" general northwest strike, with steep almost vertJi. 
dips." A less promiinerit"system .strikes N. 25°- to .30° E., paralldii 
the dominant trend of the sedinientary'beds in this vicinity. T ^ , 
high-grade occurs along these breaks -with disseminated coarse schotfe 
ite crystals penetrating approximately one-half inch into the adijjifj 
cent wall rock. "Whether or not these high-grade streaks represciSi 
a second phase of rnineraijization is not, definitely known. It wmt 
noticed that the finely disseniiriated typ'e of pre was usually confln ;̂̂  

; to a softer and iriiore altered garnet rock than the tougher 'Ic^S' 
friable rock adjacerit to the .high-grade streaks, . This may indi 
that the disseminated - scheelite was associated'with pyrite •</:] 

splaceî ^ the''tbughef;. type." - _ 
oily i of" relatively;'insoluble; .'silicaifesr.rj.It, .'î ^ ;l"tl̂ .̂t thesjj, 

contact silicates were "not" replaceable 'to ari appreciable^ exterit beyond 

face;s The vertical 
ot. level "has beea 

Sricountered. oil the left.'side-of the;'mairi"xirift*;pn. the' ilOO-fbpt level 
fs "shipped• .(133,208 tons):^;frbrri_ tKis'>"zone.;;_ass"ayed L(6* 
) per cent .'WD3j;res"pec"ti-viely:i;;Some; sulphide ;(iron7;^ynt6) 
' ' .. fluorescerit_ calcite" iis. 'associated' ^ i t h ? .the';"pre.,, Minor ^ 

copper^" gold; and silver "are "also"'reported, present; Mala-
bbseryed" "on the 

erid of the * 
as iia body 

ISS'^.^fe'rJvi." too. lpw^?'iri'grade;tq''be considered "ore';- According to ; Bestehneyer, ^ ; 
1^®!"*% ;̂ i?-;iî 7 sarriples" taken" assayed.; ().-30 per cent.WOa. ' 
iM '̂!̂ ^̂ ?>f-'.-5̂ -C\ rather large arid .'appears' prbriiising.' 
lMit5^':-^Mi£jp^-"^''^'"'erals froTrT' Vy7c '1-^0;'^.- .l.-;f4- -v a 

This, zorie,"" however, is 
North-west arid southeast lat-



,-.*. '^v-'- T„ 

? f ^ ^ * ^ - ^ 
.-* > - . . , 

37 

FIGURE 3Z: ^^ ^^ 

PLAN VIEW OF PORTION OF GARNET NOo I „-

iCHEELlJE ORE-BODY OF ^DAO MINES CORPORATION 

MINERAL RANGE,BEAVER COUNTY, UTAH/^ 

W :̂.. 

ADAPTED FTOM MAP Bi" 
JOHN BESTELMEYER . 
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'MiiW^^7Hi£^iK^^r7F6xir."such' "g'arriet-epidbte' (tactite) ' z"ories roughly 
^Wm^?ffi-^^%^^^.ii'^77^^K'i^'' ^ll-."^,re;tungst"eriiferous. The;tihird;;and.:'^^fburth z o n ^ 
*'|Ki|f|^fe>1?;';^f sepa^ of marbieizedliiriestbrie arid are s^' 

lfeS%%^"i^SM^,^^-vP^^^^ered as-a'sirigle zorie.'-- See_Figure.'5.'^ Th'us'far, the » 
|§^>Et|f|fecsii|^^deve;io"p rii.iddle zpiie, althw' 
f^MMa'7^^$7'-7C-.̂ ĵ7f''̂ ^ .̂ :-zone-; (adjacent t o - t h e ;'granitie.) -;haYi'beeri' prospected 
?ifeM&i'̂ -;iS?-''̂  *some^;ex"tent by ' the iU. .S. ,"Yariiadiuni','Corppr'atibri,;;^the! pre-vious 1 

W»7: 

parallel* 

. . . . . . . . . . . . . . . . . . . . . - . criteria 
for w h a t ; may-be 'expected -of further development," a longevity' 
rnining" operations seeriis"" promising when 1943 tungsten pnnv-^l 
prevail. However, if large tonnages are contemplated, the a\cri}rt.' 

'̂ J.,";,*''-,.,':- '•- grade of tungsten ore is lo-w, and less than 0.50 per cent WO;, shojil 
Hi*ifi.i.̂ -it;'"'"". ; 1̂ ? assumed. Thus the deposit as a "whole should be cbnsidered m a ^ 
"'"""'"'"'"'"'"" ginal under;'norriial" economic coriditions. Much-of the ore prescsî '' 

iri the-"garnet"bodies cannot be profitably mined and shipped at pre * 
"ent, ,but-,iif sufiiciient'tonnages of the lo-wer grade ore can be bloctc 

Jife"!?-^?r "S"-̂  - °^ the^iriining of the higher grade, bodies, the erection o! 
il|"S*S?̂ î ..̂ J5-r?'.V - riiillat the projierty'might well be justified in order that these low 
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[Barton, Dr HartlO 
Vthe tungsten b e a r ^ 
l ly these claims w ^ 
I d others who P « ^ 
Vesen t owners » . 
I t , three shafts h ^ 
t o f t h e o r e b e a ^ 
[jacent to this s fT , 

i briefly f ^ ° ^ ^ ^ 
lenience, * ^ f f ^ 
h No 2 B n d f P ^ 

The shaft b ^ 
Imost^shaft on t ^ , 
l o o feet f /%:^ 
•^rnet epidote r ^ 

S e g a r n e t - e P | g ^ 

^Covier O? P^-"*"" T,.„ce . ^T 1 t h e 

075 - " . the northeast oi Shalt p , 4 t e ,^ 

ningsten bearing '̂̂  consists ot a ,1^ r side ot tn« , Certain 
v i r ion of the ^^ f^So te x n a r g m r ^ ^ - . j f t n d - o r ^ ^ . ^ ^ S e e n assayed 
' Mule the garnet eP^'J ^^ deconvpo^^J^^ch which have oe 

«e thm banded P f l exposed in the tre ' i O^ Shaft No 2 
5.rticns of the tactite e^P^ ^ , 2 pej ^ ^ , ^ , open cut Sha^ ^^^^,,g 
.Ic reported to carry ^^^^ riortheast ^^^^^ ^ o s t ot ^^n 
-. Approximately < ^j 40 ^^f^^^Xhxnestone as the 
Wbeen sunk to a Q ^ niarblei^ea ' ^ ^ ^ 3 has been 
^ in coarsely crysts material ^ gy, {t No i^ ^^^tite, 
^ almost entirely 01 ^^ „j ^ \ ^ ! l penetrated limestone ^^^ 
, , Some 40 ^eet nortn , j ,^^^ ^ ^ l a t described m the o p ^ . ^ s e 
' 4 ik to a depth of 80 te ^^^^^^ ^„ that a recording t o ^ 

r K e » k ' S S " f t r S i ^ „ r e r i o n oi the 

p h a H No 1 T h f T t O encounter the a ^^^^ 

% ^ . ^ n T l ^ ^ S . h e C o n t a e t ^ f f S ^ l : : , : | £ - £ 
^i?^ The ore ^o^^^f ° ' Both p r o P ^ ^ r ' t strikes and diPS g ^^ ^ 

iame The ^bara ^^^ ,n the i properties is 

, 4t:s&>swo»r„ 

^ 

Jtt^'of the latter is an e^ ^^^^.tely know^, ^ „ ̂  ^^ . 
a the Garnet'group « " ^ ^ „ e l a t i o n . . U _ 

sngly suspectjsucn '̂^̂  „ 
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~^ THE SCHEELITE GROUP ^ ' | #* -

The location of the Scheelite group of claims is between tht 
Contact group on the south "s'outhwest and the Burnt Hollow grojn,* 
on the north northeast The Scheelite group is twelve claims (1800jj"'3 
feet) long and two claims (1200 feet) wide and has been sur\ej{3" 
as a N 35° E extension of the tactite zone exposed on the CJoa 
tact group of claims However except for granite knobs quartj 
veins and resistant pegmatite outcrops few exposures can be fouiuj'l. 
on the scheelite group The elongated plan of these claims extends 
like a chord across the arc of the Beaumont Basin embayment o<V 
the mountain front Beiumont Basin is a partially covered pedj 
ment which judging from the outcrops available is eroded chiefij 
in granite The Scheelite group was apparently located in the beb^ 
that the scheelite beiring tactite zone extended northeastward -mth 
the same consistency exhibited to the southwest in the Contact, 
Garnet, Oak, and Molly groups, respectively. The limited explor„ 
tion beneath the soil mantle, however, has failed to find such tactile 
bodies and there is some doubt as to whether they have been offset 
by faulting in this vicinity or may have followed a different tr^nd 
being deflected by a change in strike or an irregularity in the margin 
of the granite intrusive 

The Scheelite group is here discussed because it acts as a kev " J 
to help tie in a number of claims which extend in a northerly direc 
tion from the Contact group to the Oak Basin group " 

To the" northwest of the Scheelite group are located the "Ward, 
Rattler King of the Hills and Oak Basin groups from south to 
north, respectively The Epidote Barton, "Wild Bill and Big Twô  
are other groups of claims which have been located southeast of 
the Scheelite group ^ " " .. A. <. 

The owners of the Scheelite claims Ezra C Barton and Am
brose iMcGarry have leased their holdings to the New Majestic 
Mining Company '' -̂ -̂  ' ... 

" Development consists of two shafts located approximately one 
mile north of the Contact group in the mouth of Beaumont Basin. 
They were sunk to a depth ^if 68 and 80 feet^ respectively, by the ^ i 
New Majestic Mining Company Neither shaft encountered anything 
but sand and decomposed granite Knolls of resistant gramte and 
pegmatites are exposed near the shafts One pegmatite obser\ed 
(in Section 2 0 T 2 8 S R 8 W , S ' L B & M ) contained smaD 
(one half inch)'"euhedral crystals of pale sky blue beryl a complex 
silicate of berylhum and aluminum This mineral is reported to 
occur as crystals up to four inches in length on the Mahogany claims -
located a short distance to the west of the shafts ' , ^ -
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4 "^ ^THF WARD GROUP ^ _^_^ - . 

' T ^ ^̂ ^ 1 > ' - , f the Ward group'is . L Z a m p f S g ^ S J i ? ^ "J^ 
of Claires IS between ^ | Jhe loca t^^^ /B^ . f .^ i I rBa!^^ The f ^ ^ t n g ^ h of the latter ^ 

d U e Burnt Hollo^v ^ f p ^ ' ^ f ^ f . S e group about midway f j ^ s t of the Contact group 
^ P : I S twelve claims ( i f ^ ^ ^ *« H e n J f t L Ward gro^^^^^^^^ the Major Faul ^ ^ 
Ide and has been survej^. K h w e s t of the Scheelite grouP a ^^^^^^ 2 « ^ ^U ^^ 
'=one exposed on the W J S i the Rattler groups respective y ^ ^ , d and daughter ^̂  
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The ore deposits are similar in most respects to those occurs, 
elsewhere in the district The scheelite occurs as disseminated » I c ' 
throughout the greenish epidotized contact rock which varies fc**^ ' 
the tough massive to the more friable crumbly varieties the W ^ 1 ^ 

*Xbe locatioi 
Canyon, mn 

type usually being associated with the better ore Occasiondly^ • ^ P ^ ^ ^ 
scheelite occurs in lenticular masses which are so oriented that t^^W* The owners 
long direction follows the dip of the tactite zone During a a ^ ^ ^ ? vuates, conti 
investigation of the 'property it was noted by means of the t fe j i^ *-"'*i-' 
-violet light that the best ore remaining in a shallow inchus H ^ ^ elopmei 

i-^^ensue Appi 
r j i c n t . of whi< 
f,**!rnne at the 

^ r * S w Canyc 

shallow inchog 
present near the bottom of the workings The scheelite fluor^tei' 
a cream color and occasionally is associated with a pink to -? * 
fluorescing calcite Although local high grade areas are present ^ 
tenor of the over all ore body exposed is rather lean 

THE MAJOR FAULT GROUP that 
-;XJ too "spotty 
sr .i%nt\ tungst 
gl Kcheehte m 
iguch amount 
^ The presen 

'"m, **̂  "̂ "̂  "^°' 
The count 

l^in that of ol 
i^nes metamc 
j,jtite zones -w 
tjjoming prop( 
/(j^ke north 35 
^5lisi%e tenti 
^ apophysis 

The location of the Major Fault claims is adjacent to and Wew-
of the Rattler feroup Reese Griffith and associates control the claffiji ' 
designated as Major Fault No 1 and Major Fault No 2 and th * 
other claims comprising a group of five The principal de\ elopi;^^* 
work has been carried on near the floor of a small southeast dramW 
ra-yine which empties into the broad mouth of Beaumont Baste -f̂ -̂
bhort distance to the south 

The country rock of the area consists of limestones exhibi^£ 
metamorphism varying fiom limestones which are slightly altered *>• f 
those which are highly so Tactite /ones have been formed chji 
parallel to the bedding planes Several hundred feet down the cany^ 
from the mam workings is the remains of an old hme kiln wfeW" 
apparently utilized local white and gray marbleized limestones fe> „ j ^ ^ , npopnysis 
the production of quicklime Intrusive rocks are npt exposed ttt^ * . »ii"^est cuttu 
the workings but the rhyolitic apophysis eiifs^pB^near the sadto*''S '̂ ^ 77* 
at the head of the ra-yine *along the road to the King of the-HiT* 
M i n e •* ' •..- . _ ^ J »-

The tactite bodies comprise a zone roughly twenty four feel ik 
thickness separated Tsy several feet of shaly limestones No typlsM-
garnet -was apparent in the tactite bodies which are best descrifa^ 
as greenish epidotized limestones similar to the tactite of the RoH»^' 
claims On either side of the mineralized zone, the" country-it»i£»^ 
consists of a gray to nearly black compact limestone The genf^^^ 
strike of the beds is N 28° E with dips from 55° to 65° to^tW j 
southeast One small tactite zone was observed to strike southc^.., 
northwest roughly parallel to the rhyolite apophysis, but contraO' *»* 
the general trend of the tactite zones previously described '' | 

.̂  Development consists of a shaft approximately fifty feet in dej"^ 
(with lateral drifts-^'), one hundred feet of track, including da&F 
extensions an inclined shaft some fifty feet in'^Iength (which foiJe*J'' 

The struct 
|» the mam ir 
^ !ch mmerali 
locally replaced 

^̂ !s«faon, howey 
J-3mmercial''co 
".SlSgsten rema 

, J - ' ^ - • • 

.s* The schee 
^ also a he 
*%Undance on 

i'^'^Jantitles und 

the tactite in''a' 'northeast directibn), and a shallow'^open pit ^°^^„^^ 
*some'^ne huridred feet'^to the northeast of the mam shaft Ol^*-" 

-.*^The local 
* ^ n e x t drzui 

^ l ^ property-: 
some one nundred teet to tne nortneast ot tne mam snaii " ^ %̂ ifif" A 
prospect pits -vvere^^also observed nearby No_de-velopment was bw^ 3 ^ J^ ^rry an 
carried "on at the ' t ime of the writers' investigation and consequcc*^ v^^ -tff«L,, ^ T ^ ' l 
no examination was made of the undererround workinf^ iiowt^^r^t^ur -̂̂  ^ ^^ 
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^ M ^ ^ ^ 

- t .^C^THE KING OF THE HILLS GROUP 
5> f^~>7-Jt ~-'^- ^ ' ' -

«..J.-»-:» - V ^ « • in- - g ^ 

iThe location of the King of the Hills Mine is at the head of Oak 
af Canyon, immediately north of the Major Fault group^of clairns ' 
:e Figure 2 "̂  -" ;̂f/ "̂  1 •> . -"- „-- ^̂  ^ 

^-ir^ 
The o-wTiers, Roy Harris Tom Harris Collis A Huntington and 
ciates control 22 claims known as the King*'of the Hills group 

ff — ^ ^ - J" ' * "^ J-" V " '••Sl*.- ^ «^ ' i s - , - J, ^ . . i 

incline W Development of^the property during World_War I had been ~' '"' wA'.a 
flu.oreso^§ttensive Approximately 3000 feet of undeirground workings are **• _ -l^-v^ 

ik^to represent of which a portion is still acc'essible by means' of ^the adit 
esent tiC^ntering at the bottom of the steep face of the hill at'"tlie headjaf " i%^% 

- ^ "* MOak Leaf Canyon" The early development -was done by A T^ Burton"" ""*"" * 
"^ EJUid R H Strickland in search of copper gold and^silver I t i s^ 
'^ ->- K^Ported' that although high assays were often obtained the ore 
? , "STK îs too "spotty to justify commercial shipments During the mine s 

, ^ ^ ^ ^ activity tungsten was not recognized in the ore but the presence 
rT +?"«.*'' scheelite in boulders on the dump has been recently discovered 
a tnre'^m such amounts as to indicate the possibility of commercial ore 

pmers "pĵ g present owners contemplate reopening the mine and explor 
ramin'T ,ng .̂ĵ g ^ j j workings for tungsten ore bodies 

rsasin iK. 
K The country rock in the vicinity of the mine differs but little 

xhibitin-E '""^ ^^at of other parts of the range ah eady discussed being hme 
Itered t fi 'tones metamorphosed by the intrusive However no prominent 
1 p},jefli P^'^'^'te zones were observed by the writers such as are present on 

J, -RJadjoining properties previously described The dominant structures 
n whiciR**'^^^ north 35° east and dip steeply to the southeast A fine grained 
Dnes fcKl'i**^^^^^ tentatively regarded as a rhyolite extends as a tongue 
ed neS'K L ^Pophysis to the southeast from the mam east granite body to 
=• saddl '^ west cutting the sedimentary series 

he Hufc^ The structure is significant The apophysis almost at right angles 
K ' " t h e main intrusive appears to have formed a sharp angle along 

feet c fe ^hich mineralizing solutions ascended north of the rhyolite dike and 
typicst I ^ y replaced the adjacent hmestones The strength of the mineral ^ 

hei I'^^tion however seems to have been insufficient to develop a large scri-^ ^ Cn - - , .f~-
RattJef t- ""''"nercial copper deposit "Whether the solutions were stronger in ^ j '" 
ry rocfc ^ ™ogsten remains to be proved by further development ' ^ 
general 
to the _ . „ „ ,^ j J _ r c r - - 'i 'l '^f^ 

%• ooa also a hematite rich ferro magnesian rock which was noted in ""̂  
The scheehte is apparently associated with the copper ore zone 

ea ""Undance on the dumps and is reported to- occur in considerable " ' . ^ - i ' ^ ly, i, .... **i"-c Ul i Llie u u i t 

^ary » |,qttantities underground n. 

dep th^ , 
duriP 

ollov**' 

THE OAK BASIN GROUP 

^ - "c lucauon of the Oak Basin group of claims is in Oak Basip ^ T-Si"if' 
} ^ next drainage* channel noVth of Oak Leaf,„Canyon See Figure 2 ^ ' ^ ^'--P';^ 
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t o w n of Milford lies approx ima te ly t e n mi les b y r o a d t o t h e northe,-^ * I 
f rom the p r o p e r t y - "" ». •' ^ T^-"* 

O w n e r s h i p of t h e 2 R ' s g r o u p is i nves t ed in Reese Griffiths'' 
R a l p h Meye r s of Minersvi l le The p r o p e r t y cont ro l led consists of tt.'i''' 1 ̂ '''"rf te zoa 
full u n p a t e n t e d c la ims 2 R 's , 2 R ' s N o 1, 2 R ' s N o 2, and 2 R ' sK^^ ' l r ' ^ u g h T | 
so a r r a n g e d as t o completely cover t h e r idge conta in ing the tuns j l ^ w ' ^ ' n i e n t 
depos i t s T h e b lock of g r o u n d is 1 2 0 0 feet w ide and 3,000 f e e U ^ m ^ r e d 
w i t h t h e long d i rec t ion a p p r o x i m a t e l y ea s t w e s t The property %i «-"£̂  f^ing r* 
d iscovered a n d loca ted b y Reese Griffi th i n 1940 and production «/»S' * ^ i p i t 
d a t e a m o u n t s t o seventy t o n s of o r e sh ipped t o t h e Seger s l r r ;v^ ^ ipheryl 
mil l a t Milford in t h e s u m m e r of 1942 T h e sh ipmen t averaged 0 SS** ^ h S ' r e m a 
W O , I ^ 
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T h e r o c k s in t h e immed ia t e v ic in i ty cons is t of b o t h igneous fej^'?i| 
sed imenta ry \ d r i e t i e s F r o m t h e i n f o r m a t i o n ob ta ined by Ihe \\rilr»» 
dur ing t h e inspec t ion ot t h e p r o p e r t y t h e s ed imen ta ry s t ra ta e\ist fi, 
a roof p e n d a n t i n t h e Minera l R a n g e g r a n i t e T h e contact betft t» ' 
-the s e d i m e n t a r y rocks a n d t h e i n t r u s i v e is wel l exposed on ^ v ' 
p r o p e r t y a t severa l points , a n d m a y b e t r a c e d over an irregu^fi j 
p a t t e r n f rom t h e open p i t d o w n t h e r i dge t o t h e south and e l j V ^ 
a long t h e r idge t o t h e eas t T h e l i m e s t o n e s wh ich have been htx -̂-
affected b y t h e i n t r u s i o n of t h e g r a n i t e b o d y a r e b lu ish in color ap^ ""-S 
w e a t h e r t o a d r a b g ray Severa l h u n d r e d feet t o t h e eas t of the o j a g ^ i 
p i t a smal l o u t c r o p of redd ish q u a r t z i t e -was observed I ts stratigrapii'*^ ' 
pos i t ion w i t h reference to t h e h m e s t o n e s w a s n o t positively delcr 
mined , i n fact, t h e age of t h e l imes to n es c a n only tentat ively be cc* 
s idered as Pa leozoic A careful s e a r c h for fossils was made, but nos k 
w e r e obse rved Because severa l r e m n a n t s of l imes tone exist near ^ f 4 
p r o p e r t y a t a j h u c h lower e levat ion, m i n o r faul t ing may be presfSS^ r l 
o r a n i r r e g u l a r ass imi la t ion of t h e s e d i m e n t a r y rocks by the graruit -S"̂  
m a s s m a y h a v e occur red " "̂  ,;:̂  "* *• .A ^ ' 7 " "V 

. ^ - ^ "" ' . . ' " " ^ / ~ j ' ' 

D e v e l o p m e n t of t h e p r o p e r t y cons i s t s of several open pits tUtsA 
a ser ies of t r e n c h e s T h e l a rges t o p e n pi t , approx imate ly 20xl0»l t „ 
feet i n l eng th , w i d t h and d e p t h respec t ive ly , is loca ted on the noris., 
s ide of t h e ridge^ a n d h a s y ie lded t h e s even ty torTs of ore, thus ii-t 
p roduced " A s h o r t d i s tance t o ^ t h e n o r t h a n d a t a n elevation wa**" 
fifty^f ee t b e l o w t h e open-pi t is a s h o r t ^ tunne l which also cont«^1| 
some scheel i te V ^ "̂  "- " '•""̂ -f--̂  C l X ^ 'r^-'---' -" ^ " \ 

T h e o r e depos i t s of t h e 2 R ' s c l a ims cons i s t s of soft decompoote« ^j 
t a c t i t e rock va ry ing from g reen t o b r o w n in color Some of the tacww f 
IS a h a r d m a s s i v e \ a r i e t y , especial ly t h a t o u t cropping t o the soU^ ° 
from t h e m a i n open p i t T h e scheel i te""occurs as small c r y * * ^ 
d i s s emina t ed th roughout , J ;he t a c t i t e U n d e r t h e u l t r a violet ray ^ B ^ ^^ 
fluoresce a c r ean i color^_^ The t a c t i t e exposed m the open pit * 'S^ 
" l a m p e d " exh ib i t ing scheeh te c rys t a l s a s de sc r i bed ' above ^ ° ^ ^f _̂ '̂  
m g this"^ a r e a f r o m t h e s t a n d p o i n t of an'i^ore body , t h e tenor ol *••-., *, 
o re w o u l d p r o b a b l y b e m a r g i n a l b u t cons i s t en t for .^the ^ " ' ^ ' ^ ^ ., 
c rys ta l s a r e d i s t r i b u t e d "very u n i f o r m l y t h r o u g h o u t t h e rock ro^^" 
Assoc ia ted m i n e r a l s in m i n o r a m o u n t s cons is t of fluorite, malacwi. ^ 
o - , 1 « P r n e n t i n e - % ^ " ^ \ . , - - ' « ' ^ / V C - ^ , t ' H v " : 7 C ' . ^ . V , 

•'ca ..^ ^ - ^ i , . . * ' ^ 
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^^Lunestones, imrnediately*^ above ^the ^open pit, strike N 30°^ E^ f7< \̂ 
IndMip 60° aha less^to "the'southeast' The tactite zone has an appar- "̂  , 
|nt*parallel positionNvith reference'to the roof of the intrusive and ^^"C ^ ^ 
Jibhque m reterence"~to''tlie'sedimentary'beds In most instances,"the":.;;" i.^V~.. 'k^f\ \f\*^ 
'fectite'zones examine'd t h u t far iri thie Mmeral Range hkve paralleled" ^ '^Z; ' p W . ^ IVJ ' 
^ r roughly paralleled ^sedimentary^ bedding planes A numbeV df 
mcipient joint planes, sdine of which show movement and are fiUfd , 

JSnth reddish gouge material, strike almost east west and dip at 
ll^^rying degrees"to the south These measurements" were taken^m the 
l^pen pit and apparently the tactite zone follows the slope of ^the 
l^efiphery of t he mtrusive_ The dip, as measured here however, may^ 
| | | o t remain, consistent, for if the tactite 7one does exist under such 
lifconditionsj'it may vary considerably even in limited local areas 
Kin general, however, there is evidence to confirm the southward dip 
l^of the tactite body as both the tactite zone and the mtrusive can be 
l|lraced dipping in this general direction from the nor th side of the 
llndge at a high elevation to the south side a t a much lower elevation 

1^ 
CREOLE MINE 

The location of the Creole Mine is approximately five miles 
I to the northeabt from Mineisvilte, Beaver County, Utah The prop-
l^erty is situated on the south slope of a resistant knoll which is p a i t 
l^|ot the southern foot-hill extension of the range proper To the west 
^ i s the drainage channel of this area, heading almost to the Pass 
i^anyon region to the" nor th A short distance to the southwest is 
^ the old Lincoln Mine, one of the firbt developed mineral deposits in 
'Sthe State of U t a h During the early Mormon settlement of Beaver 
l^County lead ore was obtained from the Lincoln Mine and some bullion 
^^tilized m the making of bullets „ "" _ , "̂  " ^ 
^ - A dirt road in good condition, connects the Creole Mine wi th 
SJlinersville - "> , 

i^-" . Ownership" of "the Creole Mine is invested m the Croff Mining" 
'jfe^mpan"^ which„ has had control for many years The Nevada-

'Mass'achvisetts'' Company acquired a lease on the property in 1942 for 
X'S purpose of developing tungsten ore, bu t activity ceabed in t he 

^ttnuner^of 1943 ' ,, ^ ; -r . - - - . , 
^ ^ ;The property Vas'locate'd by Ben L Croff prior to 1900, a t which 

Fj'ie'^the'quest was for lead-silver ore Later the mine was worked 
J^efiy for copper" Although the tenor "of the ore obtained by the 
^AsCppera tors is no t known^ a large toinnage of̂  material must have 
^ « a ^ n e d and shipped, as indicated by the extensive underground 
S^orkings aind comparatively small amount ""of "dump" 

%! \?he„*geblogic'formations in the' immediate^ vicinity consist of̂  
^^ffiaorphosed hmestones ancTshales'^ and mtrusive granite roclis ^ 

^ ^ h e focalized, b u t main gramte mas's lies sou th^ ly from ^the main 
^ o r k m g s " a l t h o u g h a portion of the granite is*exposed^in the m a m 
^ ? t near j^e portal Contact metamorphism resulting from the intrvi-
^ P ^ ' ^ o t i ^ . . ' granite has resulted in a huge contact zone Although 
^B^»}>eading strikes approximately N 20° "W and dips 40° t o the 
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48'' 

northeast, the prominent, mineralized bel t exposed on the sur* 
follows the east west contact of t h e granite, with replacement" ' l- '" ' ' 
ore bearing minerals to the nor th along t h e sedimentary series, /-r**** 
short distance to the east of the m a m workings a tongue of grar-^ 
extends at a'pproximately right angles t o the nor th from the ms « 
intrusive This sdl has been injected between the limestone strfij"^ 
IS approximately fifty feet in thickness and is flanked on either s ^ 
by a hard resistant non tungsteniferous garneti te The age of ^^W^'* 
sedimentary rocks, accoiding to Denms ' , is Kaibab To the e a s ^ ^ ^ S i 
short distance is metamorphosed Moenkopi 4 .^*5T* 

a- V a 

The mineralization of the Creole Mine is extremely interestiR*! 
because of both the intensity and varied mmeral content Gar^t 
hematite, magnetite, hmonite, pyrite, chalcopyrite, bornite, malachitw 
azurite copper pitch, chrysocolla, scheehte, cerussite galena, dendrrtk] 
m-3nganese and manganiferous materials suspected to be wad, ami 
minerals present m the dumps and underground workings Olhe*^ 
minerals associated with those listed above obtainable in fine hin^i 
specimens i re opal quartz calcite, vesuvianite, tremolite and grees 
jellow, blown to black garnets #.|'^ 

The scheehte occurience is confined to a limonitized conta^"""' 
rock, in many cases altered to a yello-w gossan material, locaM"**!^' 
approximately 100 feet easterly from the portal of the adit of tht f '̂"c 
main workings The scheehte occurs as (1) spotty high grade | ^f* 
"bunches" with indnidual crystals measuring an inch or more acrosj^fC 
and (2) disseminated small crystals following definite feeder chat»t4^>'" 
nels Measurements taken of the oxidized tungstenif erous tactit&l>^^^ 
showed the ore zone to be variable in strike and dip, but the genera! I ^ H i 
trend approximates a strike of North 10° W and dip 45° to th*. J ^ ^ 

, .,'^'^^''northeast The latter being a rough equivalent of the sedimentarj J . ^ ^ 
' j r i " series The fluorescenc'e of the scheehte is cream in color and although f'sM"" 

"̂̂  '^a caireful lamping investigation was made no blue fluorescent scheehl* 1y^« 
' w as observed - - — - ' • < ; ^ ^ ^ . . . ^ ^ „ t .-( ^ , ' «f ^^^^ 

g.. ' From observation, the scheelite ore body is confined to a rela* 2 i ? : 
lively^ iiarrow zone and may possibly be in the form of a pipe-likc J-•-;!, 
body or kidney ^ The area immediately to the east of the tungsten 1 1 ^ , 
workings contained no scheehte with the exception of a trace not<» i*./t.„ i 
in a shallow open'^cut several hundred^ feet away This is also t rue^^^^; i 
of the extensive underground workings located immediately to thu ^ S ? 
west Se\eral hours'~were spent lamping this maze of drifts, stopCS. |* 
etc , and even though most of this area is composed of mineralized "^a&Z* 
tactite no trace of scheehte was observed 
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MINERALOGICAL NOTES 

HELVITE NEAR BEAVER, UTARi 

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

INTROOUCTION 

^*5 Helvite [(Mn, Fe, Zn)4Be3Si30i2S] from the Miller mine was identified 
^i i ta l''56 by John Miller, a prospector from Beaver. In 1957 the writer 
fc:'- n!jp[>cd the workings from which the helvite was obtained. Further work 
f*?,(in the specimens was deferred until 1960, and as no description of the 
Rs-"dcjxHit has yet appeared, it seems worthwhile to record briefly the geo-
^'t«j;i>. setting of the deposit and the x-ray data on the helvite. "Very few 
^•'{lubli.-ihed it-ray data for helvite are available. ' 

f7> ' LOCATION AND REGIONAL GEOLOGY 

£ ' The Miller mine is, about 14 miles from Beaver, Utah, on the west side 
f«-;;,o( the Mineral Range. The property originally had been prospected for 
pf *il\t.r, and two shafts were sunk. Beryllium mineralization was recqg-
^-""mztti in the old workings by John Miller, who leased the property to 
f!i intirests in Los Angeles. During the work that followed, one of the old 
tw*"'hafts was deepened and relagged, and a few trenches were excavated in 
l ' -fi'inium nearby. 

1 'If country rock at the property consists of marble and tactite, both 
(̂  "' ^̂ "hich are intruded by granite dikes. Granite of the Mineral Range 
j'^fops out a short distance east and continues eastward to form the core 
gof the central Mineral Range (Earll, 1957). Theshafts are sunk near the 
^iwtwall of a granite dike, and drifts from the shafts 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 
|n:ghly-birefringent mica, pleochroic in shades of greenish gray, and 
|snnor chlorite. The minor accessory minerals include magnetite, fluorite, 
gwd ananite(?). The dike and enclosing rocks have been irregularly 
p^gillized. • 

GENERAL OCCURRENCE OF BERYLLIUM MINERALS 

I Helvite and beryl occur in close proximity both in altered dike rock 
|»nd in sugary-textured marble. Neither has been identified by the writer 
P* tactite, although three samples of tactite gave strong beryllium lines 
R^lh the flame spectrometer. The largest helvite fragments were ob-

*•" Publication authorized by the Director, U. S. Geological Survey. 
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FIG 1 PhotomicrOj^raph of he'vile (H) in alters d grinite As'^ociated minerals are 
quartz (Q), and a highly birefringent green mica (M). Section also contains• specks of 
galena, pyrite, magnetite, and fluorite, -ivhich are not marked. '•' 

tained from brecciated marble 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, aJMack uraniurnjnkb^ 
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. 

HELVITE 
o . 

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-green mica in replacement (Fig. 1). 
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TABLE 1. OPTICAL AND X - R A Y DATA OF HELVITE FROM MILLER M I N E 

Optical properties: isotropic, n variable 1,72 to 1.75; absorption—none; pleochroisra—none 
i-ray diffractometer data (main lines) 

I 

d.(A) ,1 

>0 9.935 
3.678 
3.363 
2.60 
2.20 
L94 
1.68 
1.455 
1.415 
1.373 
1.272 
1.124 

7 

•Sa 

4 
4 

100 
12 
15 
30 

3 
4 
2 
3 
4 
3 

Other lines too weak to be positively identified 

In one specimen of altered dike rock, helvite replaces carbonate formed 
I'rom altered feldspar, and hence it appears that the helvite is later than 
• he general alteration of the dike. The helvite is tawny-colored and the 

Iins specks o: t '"•'̂ .ttr vitreous. It contains small grains of a black, opaque mineral, pos-
? ."ibly magnetite, and locally small grains of glassy.topaz. 

minerals art 
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dike roc 

|nt (Fig- '^ 

OPTICAL AND Z-RAY D.A.TA 

The pertinent optical and x-ray data of the helvite are shown in Table 
'• The ;v-ray diffractometer pattern of this helvite is very similar to that 
"̂own by Neumann e/ al. (1957). The patterns of helvite from Iron 

Mountain, New Mexico (U. S. National Museum No. 104,724), and from 
Sa.nony were compared with that of the Utah helvite and found" to be 
*'most identical. 

Several specimens of the Utah helvite were examined by x-ray fluores
cence spectrometry; all gave strong peaks for iron, manganese, and 
^^c, indicating that it contains some of each of the three end members 
"' the helvite group.(Glass, el al. 1944). 

C0NCLUSI0^fS 

'he occurrence of helvite and beryl in a geologic environment similar 
** 'hat of known deposits of beryllium minerals is of mineralogie and 

J f̂naps economic interest. Tactite and marble are extensively developed 
" the west side of the Mineral Range in this area, and beryl has been-
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found in small amounts in both granite and small pegmati te dikes in the 
granite at scattered localities. The area seems to have escaped investiga-
tion in recent comprehensive surveys of beryllium CWafner et aZ., 1959) 
and might warrant detailed examination to assess its beryllium poten
tial. • 
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JE2EKITE IS MORINITE 

D . J E R O M E F I S H E R , Rosenwald Hall , Umversity of Chicago. 

I t is stated by Frondel (1947) tha t x-ray and optical s tudy of morinilc 
(presumably from Montebras, France) showed it to be identical with 
jezekite. This was confirmed by Fisher and Runner (1958), who howevei 
considered that the name jezekite should be dropped, since morinite ha; 
priority. 

I have recently completed a detailed optical s tudy of the tvfo mineral', 
together with the Black Hills morinite, on the temperature-controllt-iJ 
spindle stage (Fisher, 1962); the results are given in Table 1. Precessior, 
a:-ray pictures were also taken of the French morinite and of je^ekii'-
from the type locality, samples of both of which were supplied me by 
F. Cech of the Mineralogical Ins t i tu te of Charles University. (Pragui,* 

TABLE 1. 

Mineral 

.Morinite 
(Black Hills) 1. 

.Morinite 
' (.Montebras) l . l 
Jeiekite l.f 

Note. These resu| 
on the right) measutj 
Hills morinite. TherJ 
crjstal studied was 
slope of the birefrinJ 
Hills morinite). 

' Ihrough the kind| 
Intensities of ma 
fact that these rej 

I t is clear thai] 
are closer to one , 
ing that jezekite 
.smaller indices oj 

'iltidy is that the 
entirely-different 
Fig- 1, which she 
indicates the rela 
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<-.A<.jrUS 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 ofthe 
San Francisco Mountains. 

Drill Core: Drill core from four drill holes totaled about 9,000 ft. The AMAX project ended in 
1973. iMr. iHarry Olson, Vice President Steam Reserve Corporation and former AMAX 
Geothemial 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 documentation, a copy ofwhich is 
provided here. 

M . c i . e z 4 j ' ^ - ' ^ ^ " ^ ^ / / V s y 
Howard P. Ross ^-^ 
Research Professor/Senior Geophysicist 



October 8, 1985 

Mr. Phillip M. Wright 
University of Utali Research Institute 
Earth Science Laboratory ' 
391 Chipeta Way, Suite C 
Salt Lake City, Utah 84108 

Re: Cactus Data 
Beaver County, Utah 

Dear Mike: 

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

As I mentioned, the Cactus files were never completed anji as a project 
discontinued in 1973 and were dumped in dead storage. 

I managed to find 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 in 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 S78QW and a dip of -S80 from the horizontal. All the 
other holes are vertical. Total drilled depth of the holes are as 
follows: 

Hole 

520-1 
520-2 
•520-3-
520-4 

Total Depth in Feet 

-2975 
2454 
2777 (angle depth) 
875 

I couldn't find the lith 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 (?). 



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 geothennal functions shortly. 

Best regards. 

Sincerely, 

STEAM RESERVE CORPORATION 

H. J. Olson 

Vice President and Operations Manager 

HJO/c 
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Area/Hole Hame 

ROOSEVELT 

TPC-14-2 

Cactus 520-1 

Cactus 520-2 

Cactus 520-3 

Cactus 520-4 

Diamond #1 

Diamond #1A 

Diamond #1B 

Ryan Springs 

UT State 24-36 

KGRA 9-1 

HFI 

HF3 

HF3b 

TOO 

Location 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

Beaver Co. 

UTAH 

Sec. 2 

Sec. 3 

[ cont. 

T26SR9W 

T27S R13w1y 

Sec. 10 T27S R13W / 

Sec. 3 

Sec. 4 

T27S R13W 

T27S R13W 

Sec. 34 T26S R9W 

Sec. 3 

Sec. 4 

Sec. 4 

Sec. 9 

Sec. 8 

T27S R9W 

T27S R9W 

T27SR8W 

T27S R9W 

T27S R8W 

Sec. 25 T26SR9W 

Sec. 2 T24S R9W 

Sec. 16 T26S R9W 

Footage 

Chips 

Core 

Core 

Core 

Core 

Core 

Core 

Core 

Core 

Chips 

Chips 

Core 

Core 

Core 

Chips 

0-6100 

0-2975 

0-2454 

0-2777 

0-875 

10.8-201.8 

20-217 

133-231 

215-331 

0-5600 

0-6883 

101.7-503.9 

29.0-489.3 

17.4-498.3 

15-245 

Drilkr 

Thermal Power 

AMAX 

AMAX .V1^/" 

AMAX 

AMAX 

Thermal Power 

Phillips 

Univ of Utah 

M ' " " 'J 

L 
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