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STUDIES RELATED TO WILDERNESS

Bureau of Land Management Wiiderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579, October 21,
1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduct mineral
surveys on certain areas to determine the mineral values, if any, that may be present. Results
must be made available to the public and be submitted to the President and the Congress.
This report presents the results of a mineral survey of the Mormon Mountains
(NV-050-161) Wilderness Study Area, Lincoln County, Nevada.
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sequence of clastic marine sediments derived from
erosion of the North American continent to the east was
deposited within a trough at the western margin of the
continent (much of this discussion of geologic setting is
based on Stewart, 1980). Sedimentation lapped onto
Early Proterozoic metamorphic and igneous rocks along
the eastern edge of the trough. Clastic and carbonate
sedimentary rocks of Late Proterozoic and Paleozoic age
were compressionally deformed in late Paleozoic time,
resulting in thrust faulting and folding west of the
Mormon Mountains.

During much of the Mesozoic Era the region was
blanketed with shallow marine and continental clastic
and carbonate rocks derived in part from erosion of the
continent to the east and in part from volcanic island arcs
farther west that skirted the margin of the continent.
Large volumes of plutonic igneous rocks were emplaced
in the crust underlying the volcanic arcs during the
Mesozoic. Compressional deformation events affected
the region throughout the Mesozoic, culminating with
the Sevier orogeny in Cretaceous time. In Mesozoic time
some significant zones of strike-slip faulting (essentially
nearly horizontal faulting along the direction of fault
strike) and a number of igneous complexes were formed
in the region of the Sevier belt of mountain building. The
complexes, cored by plutonic igneous rocks, were
reactivated sporadically, by emplacement of younger
igneous rocks, as late as the Cenozoic Era.

In ecarly Cenozoic time strike-slip faulting
continued, and volcanism spread widely throughout the
region. Volcanic activity reached a peak in late
Oligocene-early Miocene time. The Mormon Mountains
Wilderness Study Area lies at the south margins of
overlapping fields of igneous rocks, one a large, province-
wide ficld that ranges in age from 34-17 million years
old, and a smaller field from 17 to as young as 6 million
years old.

The youngest phase of compressional deformation
was terminated in middle Miocene time, and extensional
deformation commenced at that time in the Basin-range
tectonic province. This phase of tectonism, still
continuing, has been characterized by regional uplift
accompanying more crustal thinning, more strike-slip
faulting, low-angle normal faulting, and high-angle
gravity faulting that has delineated the present generally
north-trending mountain ranges of the province.

Description of Rock Units

The following rock units were mapped in the study
area (pl. 1, map and cross section; see Wernicke, 1982):
Early Proterozoic metamorphic and igneous rocks (unit
Xm); Cambrian clastic rocks (unit €c); Cambrian
dolostone (unit€d); Ordovician to Mississippian

dolostone and limestone (unit MOd); Bird Spring
Formation (unit P Pb); Tertiary volcanic rocks (unit Tv);
and Quaternary alluvium and talus deposits (unit Qa).

Early Proterozoic metamorphic and igneous rocks
consist of paragneiss, orthogneiss, schist, migmatite,
pegmatite, and granite. Cambrian clastic rocks overlie
the metamorphic rocks on a surface of low relief. The
clastic rocks consist of the Tapeats Sandstone
(correlative with the upper part of the Prospect
Mountain Quartzite) and the overlying Bright Angel
Shale (correlative with the Pioche Shale). Cambrian
dolostone consisting of the Bonanza King and Nopah
Formations overlies the clastic rocks. A thin Dunderberg
Shale lies between the Bonanza King and the Nopah.
Ordovician to Mississippian strata that overlie the Cam-
brian dolostone consist of the Ordovician Pogonip Group
(mostly carbonate), thin Eureka Quartzite, and Ely
Springs Dolostone, Devonian Sultan Limestone, and
Mississippian Monte Cristo Limestone. No Silurian and
Lower Devonian rocks are present in the study area. The
Pennsylvanian and Permian Bird Spring Formation of
mostly cherty limestone overlies the Monte Cristo
Limestone. Tertiary volcanic rocks that unconformably
overlie older rocks are lava flows and breccias of rhyoli-
tic, dacitic, and basaltic composition with minor volcani-
clastic interbeds, and silicic ash-flow tuffs. A small
intrusive latite plug lies 0.5 mi northwest of the Iron
Blossom prospect. Quaternary alluvium and talus
deposits unconformably overlie older deposits.

Structure

Rocks in the Mormon Mountains Wilderness
Study Area and in surrounding parts of the Mormon
Mountains are extensively faulted. Low-angle faults
divide the rocks generally into four major structural units
(Wernicke, 1982; structural cross section, pl. 1). At the
lowest level are Proterozoic metamorphic and igneous
rocks and Cambrian clastic sedimentary rocks that are
rooted to their basement (to which the term “autoch-
thon” is applied). Low-angle faults, locally at the base of
the Cambrian section and higher in the section, have
displaced overlying rocks (to which the term “parautoch-
thon” is applied) eastward an unknown distance. At a
higher structural level, the Mormon thrust fault is a
regional fault that has moved overlying rocks (referred to
here as the “Mormon thrust plate”) perhaps 7-15 mi
eastward or northeastward. The generally east-directed
overthrusting took place during the Cretaceous Sevier
mountain building event. A yet higher low-angle fault,
the Mormon Peak detachment, moved overlying rocks
(referred to here as the “Mormon Peak allochthon”)
westward perhaps 20 mi during Miocene extensional
deformation. The Mormon Peak detachment dips
outward an average of about 1,000 ft/mi around much of
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the periphery of the Mormon Mountains (Wernicke,
1982), indicating that the surface of the detachment has
been significantly domed since emplacement of the
allochthon in Miocene time. The center of the dome
(labelled allochthon dome on fig. 3, and cross section, pl.
1) lies near the south edge of the wilderness study area
and the Whitmore mine. Beneath the detachment fault
the Tapeats Sandstone, which overlies Proterozoic
basement, is domed (labelled autochthon dome on fig. 3,
and cross section, pl. 1) more than the detachment
(Wernicke, 1982), showing that doming was initiated
before the Mormon Peak allochthon was emplaced.
Numerous high-angle faults are present throughout the
map area (many are not shown on pl. 1). Some are older
than the Mormon Peak detachment and some are
younger than the Mormon Peak detachment.

Geophysics

Regional gravity and aeromagnetic data were
obtained to assist in assessing the mineral resource
potential of the study area. Gravity data are available
from files of the DMA (U.S. Defense Mapping Agency)
through the National Geophysical and Solar-Terrestrial
Data Center (Boulder, CO 80303) and from two
published complete Bouguer anomaly maps (Kane and
others, 1979; Healey and others, 1981). About 120
additional gravity stations were established during the
course of the present investigation with the assistance of
J.H. Hassemer of the USGS. Aeromagnetic data are
available from two residual total-intensity anomaly maps
(Saltus and Snyder, 1986; USGS, 1983). The surveys
from which these maps were compiled were flown north-
south at 1-mi spacing and 9,000-ft barometric altitude
north of lat 37° N, and east-west at 1-mi spacing and
1,000 ft above terrain south of lat 37° N.

Aeroradiometric data were collected from east-
west traverses (at 3-mi spacing) flown in conjunction with
the NURE (National Uranium Resource Evaluation)
program. No anomalies were detected within the
boundaries of the Mormon Mountains Wilderness Study
Area or in the immediate vicinity (J.S. Duval, written
commun., 1985).

Gravity Data

A complete Bouguer gravity anomaly map of the
Mormon Mountains Wilderness Study Area and vicinity
is shown on figure 4.

The Mormon Mountains are located near the
northern extremity of a very broad, generally north- to
northeast-trending regional Bouguer anomaly high of
some 3040 mGals (milliGals) amplitude, which
occupies the majority of the map area. This high is

sharply bounded on the southeast by deep anomaly
depressions produced by thick low-density fill beneath
Mormon Mesa and the Mesquite Basin, and on the north
by a series of east-trending step-like gradients leading
toward the Caliente cauldron complex that lies about 25
mi north of the Mormon Mountains. Three crests of the
regional high are seen on figure 4. The first and highest
maximum (labeled H1 on fig. 4) is located several miles
south of the topographic center of the Mormon
Mountains and the crest of the broad dome on the
Mormon Peak detachment allochthon. The dome on the
Mormon Peak detachment is labelled allochthon dome
on figure 3, and cross section, plate 1. Two lesser maxima
(labeled H2 and H3 on fig. 4) are positioned to the
southwest.

The regional anomaly high with its undulating
surface features is interpreted as the expression of a
broad swell, or arch, of the Proterozoic crystalline
basement and pre-Tertiary cover rocks, which consist
mainly of dense carbonate rocks of the Paleozoic
succession. In addition it is possible that the basement
arch has been locally deformed by high-level crustal
magmatism. We believe that the domoform uplift of the
Mormon Mountains is at least in part related to
emplacement of a granitic intrusive body of late Meso-
zoic or Tertiary age beneath the western part of the
range.

The dome on the Tapeats Sandstone (autochthon
dome on figs. 3 and 4 and cross section, pl. 1; Wernicke,
1982) lies slightly north of the gravity maximum. The
Tapeats dome and associated basement uplift are more
or less central to the collective systems of mineralization
mapped in the course of the present investigation.
However, the gravity field is inconclusive with respect to
the presence or absence of a postulated intrusion beneath
the autochthon dome.

Aeromagnetic Data

Figure 5 shows the residual total-intensity
magnetic anomaly field (drape elevation of 1,000 ft above
terrain) for the same area as that in figure 4. Because of
the inclination and declination of the Earth’s main
magnetic field, anomaly maxima generally do not directly
overlie the source bodies but are displaced slightly to the
southwest of them, and are accompanied by weaker
minima on the northeast sides. There are no known
anomaly sources in the Paleozoic sedimentary rock
section of southern Nevada; therefore, the map (fig. 5)
records only contributions from the Proterozoic
crystalline basement and from intrusive and volcanic
rocks of Mesozoic or younger age.

The basement arch inferred from regional gravity
data is expressed on the aeromagnetic map by two broad
anomaly highs, the more northerly of which (labelled H1
on fig. 5) is associated with the Mormon Mountains. Only

B8  Mineral Resources of Wiiderness Study Areas—Southeastern Nevada



’

114°52'30" 114°45' 114°30' 114015’ 114°00"
37°15’ L\
A
< X X
3
X
RoEZ
f % Dy
R ; Xy S
X x % E
o)
8%
129
15 (¥
T \T
O
g \
=
S
AN
2 —
/.
37°00' %'zgé
7%
@ 7
=
) 7
: A2/
= 0
N
15
X o) j
36945’
Q
N
N H3
/ ==
) Gleddale 877 S——
x VA /’_WHERN )
* g~ VRGN MTS
36°37'30" WH ﬁ/(\ N\ ﬁ' \ ”// 74

—-120—

EXPLANATION

Gravity contour—Contour interval 2 milliGals. Reduction density 2.67 g/cm3. Terrain
corrected from digital topography to 100 mi
Gravity high

Gravity low
Gravity station
U.S. Defense Mapping Agency files
This study
Approximate crest of dome on Mormon Peak detachment (allochthon dome)
Approximate crest of dome on Tapeats Sandstone (autochthon dome)

Approximate boundary of Mormon Mountains Wilderness Study Area

Figure 4. Complete Bouguer gravity anomaly contours of the Mormon Mountains Wilderness Study Area and vicinity,

Nevada.
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Figure 5. Residual total-intensity aeromagnetic anomaly contours of the Mormon Mountains Wilderness Study Area and
vicinity, Nevada.

a weak, north-trending nose of the more southerly relatively short-wavelength anomalies to the north and
anomaly is seen on figure 5; this anomaly is centered well ~ northwest of the Mormon Mountains are produced by
to the south of the map area. Clusters of intense,  Tertiary volcanic rocks, and a zone of extremely strong

B10 Mineral Resources of Wilderness Study Areas—Southeastern Nevada



anomalies in the southeast corner of the area of figure 5
is attributable to Teriary volcanics and additional sources
associated with the Precambrian core of the northern
Virgin Mountains.

Three local maxima (labelled H1, H2, and H3 on
fig. 5) delineate the Mormon Mountains acromagnetic
anomaly crest. The highest (H1) in amplitude is located
approximately over exposures of Proterozoic crystalline
rock on the western margin of the range and just west of
the Tapeats (autochthon) dome. A weaker maximum
(H2) is associated with crystalline rock exposed in the
basement window at the Whitmore mine, due south of
the apex of the Mormon Peak detachment (allochthon)
dome. The third and weakest maximum (H3) is located at
the southeast margin of the range and suggests the
presence of basement rocks beneath a thin cover of
alluvium,

A prominent east-trending local high (H4) occurs
near lat 37° N,, long 114°30’ W, on the north flank of the
principal anomaly of the range. It probably represents
either a discrete area of uplifted basement or a locus of
volcanic vents; the latite plug lies on its east nose and
other vents could be located farther west where bedrock
is concealed.

Another local magnetic high (H5) occurs on the
east side of the Mormon Mountains about 7 mi east of
the study area as a feature completely isolated from the
anomaly of the range. This high is centered over
exposures of Proterozoic crystalline basement rock in the
East Mormon Mountains.

In order to better delineate the basement
geometry, we present a map of the anomalous field
continued upward to a constant elevation of 12,500 ft and
reduced-to-the-pole (fig. 6). These operations smooth
out the contribution of near-surface sources and tend to
shift the positions of anomaly maxima more nearly over
the centers of the causative bodies, as though the field
were recorded at the geomagnetic north pole. The result
is an isolated “bullseye” circular magnetic high (labelled
H1 on fig. 6) centered directly north of the Tapeats dome
in the western part of the Mormon Mountains. This high
is coincident with the subcircular part of the gravity
anomaly and is offset to the west of the dome of the
Mormon Peak detachment.

The source of the bullseye anomaly must reside in
the basement, but it is unlikely to be basement relief
alone because of the unrealistically high magnetization
required. Rough depth-to-source estimates from figure 6
suggest a source depth of about one mile beneath the
Proterozoic surface. The fact that a magnetic source
body directly underlies the mapped basement dome and
systems of mineralization in the overlying Paleozoic and
younger strata in our view argues strongly for the

existence of a post-Tapeats (probably Miocene) intrusion
genetically related both to the uplift and to the
mineralization.

Geochemical Investigations and
Mineralized Rocks

Analytical Methods

Stream-sediment samples were collected from
first- and second-order drainages in and near the
Mormon Mountains Wilderness Study Area (pl. 1).
Sampling was conducted in June 1983 as part of a larger
reconnaissance geochemical survey of the entire
Mormon Mountains (Barton and Day, 1984), not just the
23,690-acre study area. For each of 191 sample localities,
a heavy-mineral concentrate and a minus-10-mesh com-
posited sample were analyzed. Samples taken for
preparation of heavy-mineral concentrates were selected
to give a high yield of heavy minerals that may be
associated with ore deposits. Following panning and
screening to minus 30-mesh, heavy-mineral concentrates
were processed through bromoform and an isodynamic
separator to obtain nonmagnetic heavy-mineral fractions
for analysis.

All samples were analyzed semiquantitatively for
31 elements by a six-step, direct-current arc, optical-
emission, spectrographic method (Grimes and Marran-
zino, 1968). Of the 31 elements analyzed, anomalous
concentrations of antimony, arsenic, barium, bismuth,
boron, copper, iron, lead, manganese, molybdenum,
silver, tin, tungsten, and zinc may indicate areas of
mineral resource potential. Analytical data for all of the
stream-sediment and heavy-mineral-concentrate samples
collected were given by Barton and Day (1984).

Twenty-five rock samples were collected in the
1983 geochemical reconnaissance by Barton and Day
(1984), and an additional 90 were collected in and near
the study area in November 1985 by Shawe and J.B.
Hansen. All of the samples were analyzed semiquantita-
tively for 31 elements by the spectrographic method, and
in addition the 90 samples collected by Shawe and
Hansen were analyzed for uranium, thorium, thallium,
tungsten, mercury, gold, arsenic, and antimony by various
radiochemical, chemical, spectrographic, and activation
methods of analysis. The analyses show that most of the
rock samples contain anomalous amounts of iron,
manganese,  silver,  arsenic, barium, copper,
molybdenum, lead, antimony, tin, tungsten, zinc,
mercury, gold, thorium, uranium, or thallium. Analytical
data for rock samples that have anomalous
concentrations of elements are given in table 1.

Mormon Mountains Wilderness Study Area B11
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Results of Studies are widely mineralized. The stream-sediment samples
and heavy-mineral concentrates from stream sediments
Stream-sediment and rock samples collected inand  indicate broad areas of lead, arsenic, antimony, silver,
near the study area show that the Mormon Mountains  copper, zinc, molybdenum, tungsten, and tin
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mineralization, summarized on plate 1 and figure 1.
More than 80 samples in and near the study area show
anomalous concentrations of one or more of these
metals.

Stream-Sediment Samples

Lead is anomalous in a broad zone that includes
much of the south half of the study area. Values range
from 200 to 30,000 ppm (parts per million) lead in
heavy-mineral concentrates. Anomalous concentrations
of copper in heavy-mineral concentrates from the
southern zone are locally as high as 100 ppm. In a smaller
zone in and near the north part of the study area values
are 200-5,000 ppm lead in heavy-mineral concentrates.
Locally in these lead-enriched zones anomalous silver
values range from 5 to 20 ppm. In the northern
mineralized zone anomalous copper values in heavy-
mineral concentrates are 200 ppm and in
stream-sediment samples 100-150 ppm. A zone of
enrichment in arsenic (500-1,500 ppm) coincides with
the zone of lead, silver, and copper enrichment in the
north part of the study area. Also coincident with the
northern zone and extending southwestward from the
zone toward the southern zone of lead and silver
enrichment is an area in which antimony values in
heavy-mineral concentrates range from 200 to 2,000
ppm. A zone of mineralization characterized by tungsten
enrichment (<100-200 ppm in heavy-mineral
concentrates) lies at the west-central boundary of the
study area, and a zone of molybdenum enrichment
(50-100 ppm in heavy-mineral concentrates) lies in the
east-central part of the study area. Surrounding this
central core of tungsten-molybdenum enrichment and
throughout the Mormon Mountains are local zones of tin
enrichment (50-500 ppm in heavy-mineral concentrates
and 70 ppm in a stream-sediment sample). Zones of zinc
enrichment in and near the study area are not related
particularly to concentrations of any other metal. They
are most abundant on the east side of the Mormon
Mountains where anomalous values range from 500 to
5,000 ppm in heavy-mineral concentrates.

Rock Samples

Analytical data for mineralized rock samples
collected around the periphery of the study area (table 1;
pl. 1) corroborate the evidence for mineralization
indicated by the stream-sediment samples and heavy-
mineral concentrates. They also provide evidence for the
sources of anomalous metals in the sediment samples.
Anomalous lead values were detected in samples 260
(1,500 ppm) and 283 (150 ppm), which were collected
from iron-oxide-rich zones (gossans) in dolomite in the
southern zone of anomalous lead in stream sediments.

Sample 260 represents material from a north-northeast-
trending high-angle fault that offsets the Mormon Peak
detachment fault. Anomalous silver (1.5-10 ppm) and
(or) copper (200->20,000 ppm) were detected in
mineralized samples (281, 282A, 282B, 283, 306B)
collected at and near the Whitmore mine, principally
from low-angle faults at the base of Cambrian dolostone.
Anomalous copper also was found in (1)
iron-mineralized silicified veinlets in tuff (sample 286,
100 ppm) that form a stockwork at the Iron Blossom
prospect (the stockwork is centered in the northern zone
of anomalous metals) and (2) an iron-mineralized quartz
pod in Proterozoic amphibolite (sample 270, 100 ppm)
near the west margin of the study area. Anomalous
arsenic (200-6,300 ppm) was detected in more than half
the samples (table 1) collected around the study area; it
is most consistent and high in samples collected at and
near the Iron Blossom prospect in the northern zone of
anomalous metals. Most of the arsenic-enriched samples
collected at the Iron Blossom prospect are from breccia-
ted rocks in or slightly above the Mormon Peak
detachment. Sample H31, iron-mineralized breccia of
the Pennsylvanian and Permian Bird Spring Formation
collected along a young range-front fault near the west
end of the northern zone, contains 450 ppm arsenic.
Sample 278, iron-mineralized Ordovician Pogonip
carbonate rock collected along a north-trending fault
west of the Whitmore mine, contains 740 ppm arsenic.
Antimony is anomalous in sample 274 (28 ppm), which
was collected from a mineralized, sheared, and brecci-
ated north-trending fault in Cambrian dolostone west of
the Whitmore mine, and in samples 284 (37 ppm) and
285 (27 ppm), which were collected in iron-mineralized
dolostone in a low-angle fault at the base of Cambrian
dolostone south of the Whitmore mine. Antimony shows
highest values at the margin of the hornblende latite plug
(samples 294, 83 ppm; 296, 85 ppm) and in jasperized
cherty dolostone and limestone of the Pennsylvanian and
Permian Bird Spring Formation (samples 298, 39 ppm;
299, 230 ppm), all collected about 0.5 mi west and
northwest of the Iron Blossom prospect.

Anomalous concentrations of other elements,
mostly metals, were detected in mineralized samples
collected around the periphery of the Mormon
Mountains Wilderness Study Area. Concentrations of
iron (5->20 percent) and zinc (120-4,200 ppm) are
found in many samples, and concentrations of
manganese (2,000-5,000 ppm) and barium (1,000-1,500
ppm) are sporadic. Sample H30, consisting of iron-
mineralized breccia collected along a young range-front
normal fault near the west end of the northern zone of
anomalous metals, contains 1,000 ppm barium. Sample
243, which contains anomalous zinc (240 ppm), is from a
brown algal chert layer in Cambrian dolostone in the
upper plate of the Mormon thrust fault and underlying
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the Mormon Peak detachment, near the east end of the
northern zone of metal enrichment. Sample 256, which
contains 880 ppm zinc, is from limonitic breccia at the
base of the Mormon Peak detachment southwest of the
study area and within the southern zone of metal
enrichment. Like antimony, mercury shows high values
(>1 ppm) at the margin of the plug (samples 294, 1.29
ppm; 296, 2.23 ppm) west of the Iron Blossom prospect,
and mercury is also enriched in iron-mineralized tuff at
the Iron Blossom prospect (samples 289, 0.69 ppm; 290,
1.09 ppm) and in jasperized cherty dolomite of the Bird
Spring Formation (sample 298, 0.50 ppm) northwest of
the prospect. Tin was detected only in Proterozoic peg-
matitic granite (samples 269, 20 ppm; 272, 30 ppm) at the
west margin of the study area, and gold was detected only
in copperrich mineralized rock (sample 281, 0.2 ppm)
from the Whitmore mine. Anomalous but low amounts
of tungsten and molybdenum (10-58 and 5-50 ppm,
respectively) occur sporadically, but separately, where
other metals are strongly enriched. Thorium, uranium,
and thallium are found in anomalous but low amounts
(15-25, 10-27, and 5-31 ppm, respectively) sporadically
throughout the mineralized zones in the Mormon
Mountains.

Mineral and Energy Resources

Mineralized Systems

The zones of anomalous metal enrichment in the
study area, both in stream sediments and in rocks, are
interpreted to represent three separate mineralized
systems. The first is the broad southern zone of lead
enrichment that includes two smaller areas of silver and
copper enrichment, one at the northeast end of the lead
zone at the east edge of the study area and one that
extends northwestward from the vicinity of the Whitmore
mine into the south end of the study area. Mineralization
took place in breccia zones along both high- and low-
angle faults, mostly in dolomitic rocks. Mineralized rocks
are chiefly in the parautochthon below the Cretaceous
Mormon thrust. However, anomalous lead in breccia
along the Mormon Peak detachment indicates that
mineralization there took place following detachment
faulting, and that it is no older than Miocene. Also, the
broad southern system is roughly centered on the apex of
the domed Mormon Peak detachment.

A second mineralized system is the generally east-
trending zone of anomalous metals at the north margin of
the study area. In addition to enriched amounts of lead,
silver, and copper, the zone contains high amounts of
arsenic, antimony, and mercury, suggesting that it is a
system distinct from the broad southern zone.
Mineralized rocks are concentrated near or at the base of

the Mormon Peak allochthon and along the Mormon
Peak detachment. Minor mineralization took place in the
Mormon thrust allochthon below the detachment near
the east end of the mineralized zone, and in a young
range-front fault near the west end of the mineralized
zone. Taken altogether, the occurrences of mineralized
rocks suggest that mineralization took place following
emplacement of the Mormon Peak allochthon.

The small latite plug lying 0.5 mi northwest of the
Iron Blossom prospect is centrally located within the
northern mineralized system. The presence of
anomalous enrichments of arsenic, antimony, and
mercury at the margin of the plug suggests the plug as a
source or conduit for mineralizing fluids that were
responsible for mineral deposition at the prospect and
elsewhere nearby. If so, apparently the plug was intruded
following emplacement of the Mormon Peak allochthon,
and the plug is therefore unrelated to the other volcanic
rocks nearby.

A third mineralized system is manifested by
enrichments of tungsten near the west-central part of the
study area and of molybdenum in the east-central part of
the study area. Tin is widely but sparsely distributed
around the periphery of the Mormon Mountains,
surrounding the study area. Much of the anomalous tin
was derived from rocks that underlie the Mormon Peak
detachment. However, some anomalous tin in the
northwestern part of the Mormon Mountains was
derived from the upper plate of the detachment, and it
thus must have been introduced no earlier than
emplacement of the Mormon Peak allochthon in Mio-
cene time. The tungsten, molybdenum, and tin
enrichments suggest a broad, zoned system seemingly
unrelated to the other two systems just described. This
third system may have been derived originally from a
granite pluton of unknown age (postulated from geo-
physical evidence and the presence of mineralized rocks)
underlying the Mormon Mountains.

Possible Metallic Mineral Deposit Types

The mineralized systems in and near the Mormon
Mountains Wilderness Study Area may contain several
metallic mineral deposit types. Only two deposits, those
at the Whitmore mine and the Iron Blossom prospect,
are known, but the geologic environment of the Mormon
Mountains indicates the possibility of others.

The Whitmore mine is in the broad mineralized
zone characterized by anomalous lead, which includes
the south part of the study area and is centered on a
domal structure inferred to be cored with intrusive rocks.
The Whitmore deposit, characterized by copper-rich
breccia that contains minor gold and silver, is localized on
a low-angle fault beneath the Mormon thrust that places
Cambrian dolostone upon Proterozoic rocks. Similar
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deposits could occur anywhere within the mineralized
zone along this fault or other low-angle faults where
brecciation has been extensive. Strongly brecciated high-
angle faults are also possible sites for this type of mineral
deposit. Perhaps carbonate layers in a favorable physical
environment, similar or analogous to the medial
limestone unit in the Bright Angel Shale or the
Combined Metals Member of the Pioche Shale at Pioche
(Tschanz and Pampeyan, 1970), have been extensively
mineralized by lead, copper, zinc, and silver minerals
along brecciated fault zones and in replacement mantos
fed by solutions moving along permeable faults. At
deeper levels in the mineralized system, within Protero-
zoic rocks and proximal to the inferred intrusive rocks
believed to have been the cause of the widespread
mineralization evidenced at the surface, stockwork or
porphyry-type mineralization may have taken place.
Deposits of this type may contain dominant copper, and
minor amounts of gold may be present, particularly in
contact (skarn or tactite) zones near intrusive rocks.

The southern area is judged to have a high mineral
resource potential for deposits of copper, lead, zinc,
silver, and (or) gold. The assignment is made with a
certainty level of C because the available data show the
presence of favorable geologic environments and
evidence of resource formation, but the extent of the
process(es) is unknown.

The Iron Blossom prospect is within the northern
zone of anomalous lead, silver, copper, arsenic, and
antimony, which extends into the north part of the study
area and is centered on the latite plug. The deposit at the
prospect is localized in brecciated, argillized, and
silicified tuff in and above the Mormon Peak detachment,
and it is characterized by anomalous iron, arsenic,
antimony, and mercury. Although no gold was detected
in mineralized samples collected at and near the
prospect, gold is to be expected in disseminated deposits
in such a geologic environment where the cited elements
have been concentrated. Gold-bearing deposits of this
character are possible in the volcanic rocks and in
underlying carbonate rocks where permeable zones
along fault breccias have allowed the flow of mineralizing
solutions. Relatively high amounts of arsenic, antimony,
and mercury at the margin of the plug suggest that the
plug was a source or conduit for mineralizing solutions,
and other mineralized zones may exist at deeper levels. If
a stock underlies the plug and it was a source for
mineralizing fluids, there may be tactite-type gold-rich
copper-, lead-, and zinc-sulfide deposits in carbonate
rocks at or near the stock contact. Stockwork or
porphyry-type deposits enriched in copper or
molybdenum also may occur in the vicinity of such a
postulated stock.

The northern area is judged to have a high mineral
resource potential for deposits that contain copper, lead,

zinc, silver, gold, arsenic, and (or) antimony. The
assignment is made with a certainty level of C because
the available data show the presence of favorable
geologic environments and evidence of resource
formation, but the extent of the process(es) is unknown.

An area of anomalous amounts of antimony partly
coincides with the northern mineralized system and
extends southwestward a few miles beyond it. The area is
considered to have moderate mineral resource potential
for vein deposits of antimony. A certainty level of B is
assigned because the available data suggest the presence
of a favorable geologic environment, but there is no
evidence that a mineralizing process occurred.

The sparsely mineralized zones of tungsten and
molybdenum enrichment in and near the west- and
east-central parts of the study area are suggestive of
mineralization related to an underlying granitoid
intrusive body. Their positions indicate that they are
unrelated to either of the mineralized systems to the
north and south; perhaps they are associated with a
buried intrusive body also unrelated to those postulated
for the other mineralized systems. Molybdenum-bearing
stockwork or porphyry-type deposits and tungsten and
(or) tin-bearing quartz veins are the types most likely to
occur. If the postulated granitoid intrusive is at a level
high enough to penetrate carbonate rocks overlying the
Proterozoic basement, tungsten-bearing contact deposits
may be present in the carbonate rocks. Disseminated
scheelite (calcium tungstate) occurs in amphibolite near
large bodies of tourmaline-muscovite pegmatite of Pro-
terozoic age in the East Mormon Mountains a few miles
east of the study area (Tschanz and Pampeyan, 1970).
Similar deposits may underlie the study area.

The central areas are judged to have a moderate
mineral resource potential for deposits of molybdenum,
tungsten, and (or) tin. The assignment is made with a
certainty level of B because the available data indicate
the presence of favorable geologic environments, but
there is no convincing evidence that mineralizing
processes occurred.

A manganese-oxide vein occurs in a fault between
Proterozoic rocks and Cambrian dolostone in the East
Mormon Mountains (Tschanz and Pampeyan, 1970) a
few miles east of the study area. Local concentrations of
manganese (table 1) are found near the study area, but
its mineral resource potential in the study area is
considered to be low, with certainty level B, because
there is no evidence of formation of manganese-bearing
veins in the study area.

Other Mineral Deposit Types

Vermiculite was found in Proterozoic granitic
pegmatite at the west edge of the study area (sample
locality 269, pl. 1; Tschanz and Pampeyan, 1970). The
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deposit is small and it appears to be of poor quality. No
other vermiculite is known to occur in the study area. The
mineral resource potential for vermiculite in the study
area is considered to be low, with certainty level D.

Thin barite veins occur in Proterozoic rocks in the
East Mormon Mountains (Tschanz and Pampeyan,
1970) a few miles east of the study area. Moderate
amounts of barium (1,000-1,500 ppm) are found in some
mineralized samples collected near the study area (table
1). However, the mineral resource potential for barite is
considered to be low, with certainty level B, because
there is no evidence of formation of barite veins in the
study area.

Energy Resources

According to Sandberg (1983), the Mormon
Mountains have a moderate potential for oil and gas
based on presence of suitable source rocks, maturation
history, reservoir rocks, and traps. Also suggestive of
moderate potential are indications of lack of high-
temperature effects on some rocks and the presence of a
dry hole with significant oil and gas shows drilled about
25 mi south of the Mormon Mountains, However, zones
in the Mormon Mountains where intrusive igneous rocks
are inferred and where hydrothermal alteration has been
extensive have low potential for oil and gas, with certainty
level B, as available information does not indicate where
significant thermal or hydrothermal effects related to
inferred igneous intrusions have occurred. The moderate
energy resource potential assessment is made with a
certainty level of B, as available information does not
indicate the presence of oil or gas.

The study area has a low energy resource potential
for coal and geothermal energy. No resources of coal or
geothermal energy are known in the Mormon
Mountains, nor is there any geologic evidence that they
might be present. The assessment of low resource
potential is thus made with a certainty level of B.
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DEFINITION OF LEVELS OF MINERAL RESOURCE POTENTIAL
AND CERTAINTY OF ASSESSMENT

Definitions of Mineral Resource Potential

LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical charac-
teristics define a geologic environment in which the existence of resources is unlikely. This broad
category embraces areas with dispersed but insignificantly mineralized rock as well as areas with few
or no indications of having been mineralized.

MODERATE mineral resource-potential is assigned to areas where geologic, geochemical, and geophysical
characteristics indicate a geologic environment favorable for resource occurmrence, where interpretations
of data indicate a reasonable likelihood of resource accumulation, and (or) where an application of
mineral-deposit models indicates favorable ground for the specified type(s) of deposits.

HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical charac-
teristics indicate a geologic environment favorable for resource occurrence, where interpretations of
data indicate a high degree of likelihood for resource accumulation, where data support mineral-deposit
models indicating presence of resources, and where evidence indicates that mineral concentration has
taken place. Assignment of high resource potential to an area requires some positive knowledge that
mineral-forming processes have been active in at least part of the area.

UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign low,
moderate, or high levels of resource potential.

NO mineral resource potential is a category reserved for a specific type of resource in a well-defined
area,

Levels of Certainty

U/A H/B H/C H/D
f HIGH POTENTIAL HIGH POTENTIAL HIGH POTENTIAL
-
:_f M/B M/C M/D
z
w MODERATE POTENTIAL | MODERATE POTENTIAL | MODERATE POTENTIAL
o)
a UNKNOWN
§ POTENTIAL | /B L/C L/D
>
2 LOW POTENTIAL
& Low Low
S POTENTIAL POTENTIAL N/D
-l
w
> NO POTENTIAL
w
-l

A B Cc D
LEVEL OF CERTAINTY =3

vow>

Abstracted with minor modifications from:

Available information is not adequate for determination of the level of mineral resource potential.
Available information suggests the level of mineral resource potential.
Available information gives a good indication of the level of mineral resource potential.
Available information clearly defines the level of mineral resource potential.

Taylor, R. B., and Steven, T. A., 1983, Definition of mineral resource potential: Economic Geology,
v. 78, no. 6, p. 1268-1270.
Taylor, R. B., Stoneman, R. J., and Marsh, S. P., 1984, Ar assessment of the mineral resource potential
of the San Isabel National Forest, south-central Colorado: U.S. Geological Survey Bulletin 1638, p.

40-42.

Goudarzi, G. H., compiler, 1984, Guide to preparation of mineral survey reports on public lands: U.S.
Geological Survey Open-File Report 84-0787, p. 7, 8.




RESOURCE /RESERVE CLASSIFICATION

IDENTIFIED RESOURCES UNDISCOVERED RESOURCES
Demonstrated Probability Range
Inferred (or)
Measured Indicated Hypothetical 1 Speculative
' T
ECONOMIC Reserves Inferred Reserves
L _ — —
' -
MARGINALLY . Inferred
Marginal Reserves .
ECONOMIC Marginal Reserves
1
—_——t— —_— e e —— —
sSuB- Demonstrated Inferred

. Subeconomic
ECONOMIC Subeconomic Resources Resources

Major elements of mineral resource classification, excluding reserve base and inferred reserve base. Modified from
U. S. Bureau of Mines and U. S. Geological Survey, 1980, Principles of a resource/reserve classification for

minerals: U. S. Geological Survey Circular 831, p. 5.



GEOLOGIC TIME CHART
Terms and boundary ages used in this report

BOUNDARY AGE
EON ERA PERIOD EPOCH IN
' MILLION YEARS
Holocene
Quaternary 0.010
Pleistocene
- 1.7
Neogene Pliocene 5
Cenozoic Subperiod Miocene
24
Tertiary Oligocene
Paleogene E 38
ocene
Subperiod 55
Paleocene
66
Late
Cretaceous Early - 96
1
Late 38
Mesozoic Jurassic Middle
Early
Late 205
Triassic Middle
Early
Phanerozoic ~ 240
Permian é::li
290
Late
Pennsylvanian Middle
Carboniferous Early
Paleozoic Periods Late ~v 330
Mississippian Early
360
Late
Devonian Middle
Early
410
Late
Silurian Middle
Early
435
Late
Ordovician Middle
Early
500
Late
Cambrian I\/éidcllle
£l
s ~ 570
Late Proterozoic
Middle P 900
Prot i iddle Proterozoic
roterozoic 1600
Early Proterozoic
2500
Late Archean
Archean Middle Archean 3000
3400
Early Archean
o ——— . . — e e e e w3800 2 e —
pre - Archean?
4550

'Rocks older than 570 m.y. also called Precambrian, a time term without specific rank.

? Informal time term without specific rank.
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