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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness 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 Behind the Rocks Wilderness
Study Area (UT-060-140A), Grand and San Juan Counties, Utah.
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soluble gypsum and fragments of siltstone, shale, and
dolomite, and has led to collapse of the crests of these
structures, resulting in northwest-trending valleys whose
walls are the boundary faults of the collapsed crest. The
boundary faults are not thought to extend below the level
of the salt. Salt thickness in the core of the anticlines may
exceed 10,000 ft, and the salt shows complex deformation
and internal faulting (Hite and Lohman, 1973; Cater,
1970). Collapse of the crests may have occurred as late as
early Pleistocene time but not earlier than Miocene time,
in response to regional uplift and dissolution of near-
surface salt (Cater, 1970; Richmond, 1962; Kitcho, 1981,
Sugiura and Kitcho, 1981; Biggar and others, 1981).
Structures of this type include Spanish Valley along the
northeastern side of the study area, Salt-Cache Valley,
Fisher Valley anticline, Castle Valley anticline and Lisbon
Valley (fig. 2).

Upheaval Dome, in Canyonlands National Park, is
apparently a salt diapir in which salt did not reach the
surface (Mattox, 1975). Nondiapiric structures, or salt
swells, have less deformed salt cores but still show
thickening of salt, and salt has moved closer to the
surface in these features (Hite and Lohman, 1973).
Examples of this type of structure include Shafer Dome,
Cane Creek anticline, and Rustler Dome (fig. 2).

Other possible salt-related collapse structures are
so-called “breccia pipes.” These are subcircular, vertical
structures along which upward movement of brine has
stoped overlying beds, causing their collapse. These pipes
now appear topographically as mounds of brecciated
rock fragments derived from stratigraphic levels above
those of the surrounding rocks. Structures such as these
are mineralized with uranium-copper ores in the vicinity
of the Grand Canyon (Huntoon and Richter, 1979;
Sugiura and Kitcho, 1981).

The La Sal Mountains, just east of the study area,
consist of igneous rock intruded during Miocene time
(Witkind, 1975; Hunt, 1958). Pebbles of diorite porphyry
typical of the La Sal Mountains found on the Moab Rim
indicate transport by streams that flowed across what is
now Spanish Valley, prior to the collapse of the Spanish
Valley salt anticline.

Geochemistry

Methods

A reconnaissance gecochemical survey was
conducted in the Behind the Rocks Wilderness Study
Area during the summer of 1986. Minus-80-mesh stream
sediments and panned concentrates of heavy minerals
contained in stream sediments were the primary sample
media. Stream-sediment samples represent a composite
of rock and soil exposed in the drainage basin upstream

from the sample site. Their analysis provides information
that helps to identify those basins containing unusually
high concentrations of clements that may be related to
mineral occurrences.

Chemical analysis of heavy minerals concentrated
from strcam sediments permits the determination of
certain elements in the concentrate that may not be
detectable in bulk stream sediments by the analytical
methods available. Some of these elements, in turn, may
result from, and therefore indicate that, ore-forming
processes have occurred.

Both types of samples, bulk strcam sediment and
heavy-mineral concentrate, were collected from alluvium
along stream courses at 17 first- or second-order stream
sites to give a sampling density of one per 1.4 square
miles.

A gamma radiation detector was used to assess
radiation levels at all sampling sites to determine the
presence of possible uranium or thorium minerals.

The dry stream-sediment samples were sieved
through 80-mesh stainless steel sieves, and the minus-
80-mesh portion was saved for analysis. To produce the
heavy-mineral concentrates, bulk stream sediment was
first sieved through a 10-mesh screen. Approximately 10
pounds of the minus-10 mesh portion was panned to
remove most of the quartz, feldspar, clays, and organic
materials. The panned concentrate was scparated into
light and heavy fractions using bromoform (heavy liquid
of specific gravity 2.8), and the light fraction was
discarded. Magnetic minerals were then separated from
the heavy fraction on the basis of magnetic susceptibility,
and the nonmagnetic fraction was hand ground and
analyzed.

Rock samples were collected from four sites in the
study area. Samples that appeared unaltered were
collected to provide information on geochemical
background values. Altered and mineralized samples
were collected to determine suites of elements associated
with the alteration or mineral deposition.

Stream-sediment, heavy-mineral-concentrate, and
rock samples were analyzed for 31 clements using a
semiquantitative emission spectrographic method
(Grimes and Marranzino, 1968). In addition, stream-
sediment samples were analyzed for arsenic, antimony,
bismuth, cadmium, gold, uranium, and zinc by specific
chemical methods (Crock and others, 1987). Analytical
data, sample sites, and a detailed description of the
sampling and analytical techniques are given in Bullock
and Barton (1987).

Results

Anomalous concentrations, defined as those above
the upper limit of normal background levels, were
determined for each element in the various sample media
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by inspection of the analytical data. Few samples (17 each
of stream sediment and heavy-mineral concentrate) were
taken, and many elements had only a few measurable
concentrations. Uranium analyses show a normal
distribution of values. One heavy-mineral concentrate
contained 30 ppm silver and 200 ppm gold; the sample
site was just outside the study arca in Pritchett Canyon,
0.6 mi north of Pritchett Natural Bridge. This stream
sediment may have been derived from or represent a
palcoplacer gold occurrence; the likely source of the
silver is unknown.

A heavy-mineral concentrate from a site near the
northwestern boundary of the Behind the Rocks
Wilderness Study Area contained 5,000 ppm lead. The
sample site is 300 yards south-southwest of Kings Bottom
Spring in a small drainage about 2 mi long near its
confluence with the Colorado River. The site is
accessible by vehicle and is in an area used for camping,
and the anomalous lead concentration may be due to
contamination. No anomalous values were found in any
of the rock samplecs.

Geophysics

Interpretation of Regional Magnetic Data

East-west magnetic traverses were flown over the
western part of the study area (fig. 4) at an elevation of
about 8,500 ft above sca level and at a spacing of about 1
mi. The survey of the eastern part of the study area was
flown at an elevation of 12,500 ft at spacings of 1-2 mi in
connection with the La Sal Mountains survey (Case and
others, 1963). The magnetic data were subsequently
continued upward mathematically and merged by
Hildenbrand and Kucks (1983) to an clevation of 12,500
ft. Additional magnetic surveys were flown as part of the
National Uranium Resource Evaluation Program
(NURE) along flight lines spaced about 3 mi apart and
about 400 ft above the surface (Johnson, 1983), but the
widely spaced data provide few details pertinent to this
report.

Because the sedimentary rocks are regarded as
virtually nonmagnetic, most of the anomalies of the
region arise from contrasts in magnetization within the
Precambrian basement or from changes in depth of the
basement. Magnetic heterogeneity of the Precambrian
rocks of the region was determined by studies of exposed
rocks on the Uncompahgre uplift (Case, 1966).

Just south of the study area, a 200-nT (nanotesla)
ovoid magnetic high is interpreted to be produced by a
highly magnetic body within the Precambrian basement.
Diameter of the body is about 3 mi. Available drill-hole
data indicate that the body also lics partly on a northeast-
trending basement structural high (Case and Joesting,

1972). An associated gravity high is also present in this
area, indicating that the body is probably mafic in
composition. In the region of the wilderness study arca
itself, the magnetic ficld trends about east-west, and the
magnetic values increase smoothly northward, despite
the northward increase in depth of the Precambrian
basement. As discussed at length by Case and Joesting
(1972), these circumstances indicate that the regional
magnetization of the Precambrian basement must
increase substantially toward the north and northeast. A
similar conclusion was drawn by Johnson (1983) from
the widely spaced NURE data.

Interpretation of Regional Gravity Data

No gravity stations have been established in the
wilderness study area, but stations in immediately
adjacent areas provided data on the gravity in the study
area (fig. 5). A reduction density of 2.5 g/cm? (grams per
cubic centimeter) was used for the data, and the gravity
interpretation is from Hildenbrand and Kucks (1983).

The region has three patterns of gravity anomalies:
(1) an east-west zone of steepened gradient, south and
west of the study area, whose source is principally related
to density contrasts within the Precambrian basement
and northward thickening of salt (Joesting and others,
1966, fig. 3); (2) a northeast-striking zone of steepened
gradient near the La Sal Mountains, which is related to
deep-seated contrasts in density between Precambrian
and lower Paleozoic rocks and to less dense salt and
Mesozoic rocks (Case and others, 1963); and (3) the
northwest-trending gravity low associated with the Moab
Valley-Spanish Valley salt anticline. Regionally, the
gravity ficld decreases northward by about 40 mGal
(milligals) from Lockhart anticline to the flank of Castle
Valley anticline (fig. 5), a change which is consistent with
increasing thickness of the sedimentary sequence toward
the deepest part of the Paradox Basin.

A gravity model for the region just northwest of the
study arca was constructed by Joesting and others (1966)
to provide constraints on the configuration and
dimensions of the Moab Valley salt anticline (fig. 5). The
shape of the southwestern flank of the anticline and the
salt thickness are espccially pertinent to evaluation of the
mineral and energy resource potential for the Behind the
Rocks Wilderness Study Area because of the possibilities
for the occurrence of oil and gas on the flank and
potash-rich evaporite deposits. Within the constraints of
our assumption that the regional gravity field is planar
across Moab Valley and Spanish Valley, a residual
gravity low of about 22 mGal can be isolated across the
Moab Valley salt anticline. Because the evaporites crop
out in the valley floor, the upper width of the anticline
must be about 6,000 ft and it must increase
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Figure 4. Residual total-intensity aeromagnetic map of the Behind the Rocks Wilderness Study Area and vicinity, Utah.
Contour interval 10 gammas. Hachures show closed areas of lower magnetic intensity. Original magnetic data continued
upward to an elevation of 12,500 ft. From Hildenbrand and Kucks (1983).
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Figure 5. Bouguer anomaly map of the Behind the Rocks Wilderness Study Area and vicinity, Utah. Contour interval 2
milligals. Hachures show closed areas of lower gravity values. Dots are gravity stations. Some surficial structural features

shown. Modified from Hildenbrand and Kucks (1983).
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in width with depth to 13,000--15,000 ft. The thickness of
the salt core above the top of the little-deformed salt
sequence would be 8,000 ft, which gives a density contrast
of -0.35 g/cm? between the salt and enclosing rocks. Such
a contrast would exist if the evaporites have a mean
density of 2.2 g/cm3 and the enclosing rocks a mean
density of 2.55 g/cm?® (Case and Joesting, 1972). If the
density contrast were greater, 0.4 g/cm3, for example, the
thickness or amplitude of the salt core must be less.

Interpretation of subsequent drill-hole data
requires some modifications in the conjectured deep
structure along the profile constructed by Case and
Joesting (1972). (1) The Pennzoil Co. No. 27A Hatch
Point (well 1, sec. 27, T. 27 S., R. 21 E,, fig. 3) penetrated
about 3,300 ft of the Paradox on the southern flank of the
Cane Creek anticline. (2) The Skyline Oil Co. No. 1
Hunters Canyon Unit (well 2, sec. 1, T.27 S, R. 21 E,,
fig. 3) bottomed in Devonian rocks 1,831 ft below the
surface, and the May Petroleum, Inc., No. 1 Hunters
Canyon-State (well 3, sec. 16, T. 27 S., R. 22 E,, fig. 3)
bottomed in Mississippian rocks 1,665 ft below the
surface. The depth of rocks of Mississippian age (before
salt deposition) is about 500 to 1,000 ft less than at the
Cane Creek anticline, so the Mississippian rocks are
higher beneath the Kings Bottom syncline, south of the
wilderness study area. (3) The No. 1 Hunters Canyon
Unit well penetrated 638 f{t of evaporites, so that
complete flowage of salt out of the Kings Bottom syncline
and into the adjacent anticlines may not have occurred as
postulated by Case and Joesting (1972). (4) The Cities
Service No. 1 (well 4, sec. 28, T. 26 S,, R. 22 E,, fig. 3)
penetrated 5,800 ft of evaporites on the southern side of
the core of the Moab Valley and Spanish Valley anti-
clines and bottomed in Mississippian rocks at 3,523 ft
below the surface. Thus, the thickness of the salt core is
probably somewhat less than calculated by Case and
Joesting (1972) along their profile to the northwest at
Moab Valley, and the position of the postulated pre-
Pennsylvanian (before salt deposition) fault, if one exists,
must lie farther northeast than originally thought.

Unfortunately, the available well data are not
sufficient to permit accurate configuration of the surface
below the salt, underneath the Moab Valley and Spanish
Valley anticlines. A pre-Pennsylvanian scarp along a fault
downthrown to the northeast has been postulated from
analogy with other major salt anticlines of the region
where drill-hole control exists. Also, by analogy with
other salt anticlines of the region, Joesting and others
(1966) and Case and Joesting (1972) inferred that the
salt may have flowed completely into the Moab Valley
and Cane Creck anticlines, leaving an area without salt
beneath part of the southern extension of the Kings

Bottom syncline (fig. 2), but the more recent drilling
indicates that some salt is present just south of the study
area.

Remote Sensing

Landsat multispectral scanner (MSS) data were
processed digitally to map variations in surface limonite
and to map lineaments. These data were interpreted by
Lee (1988). The MSS data were used to identify hydro-
thermally altered areas associated with mineralized rock
and to-identify limonite anomalies associated with either
uranium deposition or hydrocarbon seepage. MSS data
also were used as the basis for a lineament analysis of a
large area of western Colorado and eastern Utah. Linear
features recognized on the images were interpreted to
make up longer trends of parallel linear features called
lineaments. Lineaments were studied, along with geo-
physical surveys and deep drilling data, as possible
indicators of basement structures. The methods used are
described more fully in Lee (1988).

The Behind the Rocks Wilderness Study Area is
bounded by three northeast-trending major lineaments
(fig. 2). One, consisting of faults just to the southwest of
the wilderness study area, at the Cane Creek uranium
mines (fig. 2), controlled deposition of uranium in the
Permian Cutler Formation. Another lincament, on the
southern end of the study area, reflects a series of
Precambrian basement faults that make up the Colorado
lineament (Warner, 1978). The third lineament, north of
the study area, is known as the Roberts rift (Hite, 1975).

Reverse limonite anomalies (areas of low limonite
concentration within limonitic rocks) that might
correspond to areas of hydrocarbon seepage or uranium
deposition were sought on the Landsat images. One such
anomaly was identified, but field examination indicated
that the lack of limonite was caused by an extensive grass
cover, and samples collected showed no anomalous
radiation.

Aerial Gamma-ray Data

Aerial gamma-ray spectroscopy is a technique that
provides estimates of the near-surface (0 to 20 in.
(inches) depth) concentrations of potassium, equivalent
uranium, and equivalent thorium. Because the uranium
and thorium measurements utilize radioactive daughter
nuclei that are chemically distinct from the parent nuclei,
the results are given in equivalent concentrations. These
concentrations indicate a partial chemical composition of
the near-surface materials. For a typical aerial survey,
each measurement gives average concentrations for a
surface area of about 634,000 square feet to an average
depth of about 12 in. The regional surveys that include
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the wilderness study area were flown in 1975-83. The
flight-line spacing of the surveys was 3 mi. The study area
has generally low radioactivity with concentrations of
1.2-2.0 percent potassium, 0.5-2.0 ppm equivalent
uranium, and 1-4 ppm equivalent thorium. No gamma-
ray anomalies were recognized within or near the
wilderness study area (Joe Duval, written commun.,
1987).

Mineral and Energy Resources

Uranium, Vanadium, and Copper

Uranium deposits containing variable amounts of
vanadium and copper occur in the vicinity of the study
area at Kane Creek, Lisbon Valley, Indian Creek, and the
Seven-Mile Canyon area. Host rocks for these deposits
are fluvial sandstone and conglomerate of the Moss Back
Member of the Chinle Formation or other sandstone
units in the Chinle and the Cutler Formations. Deposits
in the Chinle contained 93 percent of the ore produced in
the Moab uranium district. The deposits are tabular,
structurally controlled, or a combination of the two types
(Johnson and Thordarson, 1966; Chenoweth, 1975).

Tabular deposits are generally nearly parallel to
bedding in the host sandstone, although in detail they
may be irregular in form. Thickness of ore bodies ranges
from a few inches to 20 ft or more, and widths from a few
feet to a few thousand feet. Some deposits are irregular
in plan view, but most are elongate parallel to sandstone
paleochannels. Favorable ground for ore deposits
consists of sandstone bodies, especially the Moss Back
Member, which contain coalified wood (carbonaceous
trash) or green mudstone in the Chinle Formation, and
altered or bleached zones in sandstone units in the Cutler
Formation. In the Chinle, deposits are at or near the
basal contact with the Moenkopi or Cutler. Favorable
zones in the Cutler are in areas of marine-fluvial inter-
tonguing (Campbell, 1981); deposits in this type of
favorable zone include the Seven-Mile Canyon and Kane
Creck deposits in the Moss Back Member, and in the
Cutler Formation at Indian Creck.

Structurally controlled deposits are in Kane
Springs Canyon, where uranium minerals occur in a
series of nearly vertical, northwest-trending faults along
the crest of the Cane Creek anticline. The ore is mainly in
the Cutler Formation, but minor amounts are in the
Moenkopi and Chinle Formations (Chenoweth, 1975).

The deposits of the Lisbon Valley mining area
occur along the flank of a northwest-trending salt anti-
cline in the Moss Back Member and the Cutler
Formation. These are the most productive deposits in the
canyonlands area of eastern Utah and have yielded more
than 60 million pounds of U,O4, or 78 percent of the

total production of the area as of 1975 (Chenoweth,
1975). The uranium-bearing fluids appear to have been
localized along the southwestern flank of the anticline
near the crest (Wood, 1968).

Primary ores in the uranium districts around the
wilderness study area consist of uraninite (uranium
oxide) and coffinite (uranium silicate); pyrobitumen, a
uraniferous organic material; several vanadium silicates;
and copper as the sulfides chalcopyrite, bornite, and
chalcocite. Oxidized ores are brightly colored compared
to the primary ores, which are dark. They include
carnotite and tyuyamunite (yellow uranium vanadates);
malachite and azurite (green and blue copper
carbonates); and a wide variety of less common uraninm
and copper oxides, carbonates, sulfates, phosphates,
arsenates, and silicates, and also vanadium silicates.
Pyrite and marcasite, both iron disulfide, are common in
primary ore. Upon weathering, they produce rusty red
iron oxides (limonite).

The grade of uranium in the deposits ranges from
0.2 to 0.5 percent U,04. The fracture-controlled ore
contains little vanadium, but other ores average 1 to 2
percent. Copper values increase to the west, from a few
thousandths of a percent at Lisbon Valley to 1 or 2
percent in mines in the White Canyon district, 75 mi
southwest of the study area (Johnson and Thordarson,
1966).

Investigations for uranium, vanadium, and copper
resources in the study area consisted of stream-sediment
sampling, especially of the minus-80-mesh fraction, upon
which uranium will adsorb (Wenrich-Verbeek, 1977).
Additional studies consisted of stratigraphic and sedi-
mentologic analysis, traverses with a hand-held scintil-
lometer, especially over fracture zones, and visual
examination for mineralized areas.

The studies revealed no geochemical anomaly
indicating uranium, vanadium, and copper minerali-
zation; all absolute values of uranium, as determined by
delayed-neutron activation (Millard, 1976), were below 3
ppm, and no other elements of interest were detected by
semiquantitative spectroscopy (Bullock and Barton,
1987). Scintillometer readings never rose much above
background (25-50 cps) except over isolated sandstone
lenses in the Chinle, just outside the northeastern
boundary of the study area, for which counts were 2 or 3
times background levels, but not indicative of
mineralized rock. Measured paleocurrent vectors
suggest that these small sandstone bodies might extend at
depth under the study area. Only the uppermost part of
the Chinle is exposed near the study area; stratigraphic
studies indicate that the Moss Back Member of the
Chinle, which normally is found at the base of the Chinle
in this region and is the most favorable host for
uranium, is not present under the study area
(Johnson and Thordarson, 1966). Green, reduced mud-
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stone, also considered favorable for uranium and byprod-
uct vanadium and copper minerals, may possibly be
present in the Chinle under the study area. Structurally,
the study area is similar to the Lisbon Valley area, but the
Moss Back Member is not present to be a host rock. The
Cutler Formation, if present, lics many hundreds of feet
bencath the study area.

Because of the absence of geochemical or radio-
metric anomalies and the suspected lack of favorable
host rocks in the Chinle, the mineral resource potential
for uranium, vanadium, and copper in the Behind the
Rocks Wilderness Study Area is rated as low, with
certainty level C.

QOil and Gas

The Behind the Rocks Wilderness Study Area is in
a region historically productive of oil and gas. Fields in
the vicinity include, as of 1987, Bartlett Flat
(abandoned), Big Flat (shut in), Big Indian (producing),
Cane Creck (abandoned in favor of potash mining),
Hook and Ladder (shut in), Lisbon (producing), Long
Canyon (producing), Little Valley (producing), Lion
Mesa (shut in), Little Grand Wash (abandoned), Salt
Wash (producing), South Pine Ridge (producing), Shafer
Canyon (abandoned), and Wilson Canyon (producing).

The Lisbon ficld has yielded 98 percent of
production from the region, mainly from rescrvoirs in the
upper, porous zone of the Leadville Limestone, but also
from the Cane Creek marker, an informally named
clastic unit in the lower part of the Paradox Member, and
from the Upper Devonian McCracken Sandstone
Member of the Elbert Formation (Clem and Brown,
1984; Spencer, 1975; Parker, 1981). Big Flat, Big Indian,
Little Valley, and Salt Wash ficlds also produce from the
Leadville.

Traps typically consist of a combination of strati-
graphic and structural elements. The principal structures
of the region are salt domes and anticlines, many of
which trend northwest. Impermeable salt encases tilted
porous zones, forming traps for oil and gas (Parker,
1981). Ol source beds are thought to consist of dark,
organic-rich shale within the Paradox Member, but oil
may also have been generated from the Devonian and
Mississippian rocks. Drill cuttings from most reservoir
rocks within the Paradox Basin show oil. This oil is
thought to be a residuum from the passage of oil into,
through, and out of beds as tilting of the basin caused
extensive migration of hydrocarbons (Spencer, 1975).

The structural setting of the Lisbon Valley field is
similar to that of the wilderness study area, and a similar
reservoir may exist in the study area. Production would
be from the Cane Creek marker or the Leadville
Limestone. It was previously conjectured that the
Paradox salt had flowed completely from under the study

area, which would reduce the possibility of an oil and gas
reservoir, However, recent drilling indicates the presence
of some salt just south of the study area.

Eleven wildcat wells have been drilled close to the
study area, including two test wells for the Texasgulf,
Inc., potash-mining operation. All had extensive shows of
gas, and some had shows of oil. An example is the Union
Oil/Cities Service well drilled on the northwestern
boundary of the study area, which, due to slant-hole
drilling, tested formations 8,300 ft below and 2,400 ft
within the study area. This well had large but short-lived
shows of gas from unknown clastic intervals within the
extensively faulted and deformed Paradox. No
productive horizon was found, and the well was shut in.
The Mississippian Leadville Eimestone beneath the
study areca has not been fully tested. Molenaar and
Sandberg (1983) have rated this area as having a medium
resource potential for oil and gas.

The energy resource potential for oil and gas in the
Behind the Rocks Wilderness Study Area is rated as high,
with a certainty level of B. Suitable source rocks, trapping
mechanism, and shows of gas and oil indicate the
presence of oil and gas deposits, but complex structure
and lack of production from wildcat wells suggest a low
certainty rating.

Gold and Silver

An anomalous concentration of gold and silver was
found in one panned-concentrate sample from near
Pritchett Natural Bridge just outside the study area.
Possible sources for these metals include (1) sedimentary
rocks underlying the basin of the stream-sediment-
sample site (Butler and others, 1920); and (2) an un-
known vein under the wilderness study areca related to the
La Sal Mountains or northeast-trending fractures similar
to the Roberts rift (Hite, 1975). Additional sources for
gold include (3) gold deposits in the La Sal Mountains,
from which gold was eroded and deposited by streams
flowing across what is now Spanish Valley, prior to its
collapse; and (4) gold-bearing gravels of the Colorado
River, deposited there during an earlier stage of erosion
of the area.

There is no evidence for sources 1 or 2, and these
are thought to be unlikely. Sources 3 and 4 are
considered to be equally likely. Small clasts of diorite
porphyry from the La Sal Mountains found on Moab
Rim could have been emplaced by either method. In
either case, the isolated, singular occurrence of this
anomaly gives little suggestion of a possible gold or silver
resource
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in the Behind the Rocks Wilderness Study Area.
Therefore, the mineral resource potential for gold and
silver is low, with certainty level C.

Other Metals

No evidence of deposition of other metals related
to fractures of the Roberts rift type (Hite, 1975; Fischer,
1937) or from breccia pipes was detected. Therefore, the
mincral resource potential for other mctals in the study
arca is low, with certainty level C.

Geothermal Energy

No sign of geothermal activity was noted during the
investigation, and no geothermal springs or sources were
found within the region. Regional heat flow is low
(National Oceanic and Atmospheric Administration,
1980). Therefore, the potential for geothermal energy is
low, with certainty level C.

Coal

Any coal-bearing formations have been eroded
from the study area, and no coal-bearing formations exist
in the subsurface. Therefore, there is no resource
potential for coal, with certainty level D.

Braitschite (Rare-Earth Mineral)

Braitschite, a rare-earth borate mineral, was
described by Raup and others (1967) from the saline
facies of the Paradox Member, which is probably at least
1,500 ft beneath the study area. Whether this mineral
occurs under the study area, especially in concentrations
sufficient to constitute resources, is unknown, with
certainty level A.

Potash and Halite

Potash and halite resources were discussed
previously (see the section on “Appraisal of Identified
Resources”). There is no mineral resource potential,
with certainty level D, for undiscovered potash or halite
resources beyond the inferred subeconomic resources
described in that section.

Suggestions for Further Work

Oil and gas potential beneath the study area could
be more adequately evaluated by a seismic survey of the
study area, particularly the northern part near the Colo-
rado River.,
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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, gecochemical, 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 mincralized.

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

HIGH mincral resource potential is assigned to areas where geologic, gecochemical, 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 arca requircs some positive knowledge that
mineral-forming processes have been active in at least part of the arca.

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

NO mincral 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/8 M/C M/D
z
w MODERATE POTENTIAL | MODERATE POTENTIAL MODERATE POTENTIAL
o)
a UNKNOWN
§ POTENTIAL | | /B L/c L/D
)
2 LOW POTENTIAL
x Low LOW
& POTENTIAL POTENTIAL N/D
]
> NO POTENTIAL
w
-

A B o D
LEVEL OF CERTAINTY e

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 thg level of mineral resource potential.
Avuilable information clearly defines the level of mineral resource potential.

vow>

Abstracted with minor modifications from:

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, An 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 {o -
Measured ] Indicated Hypothetical 1 Speculative
] T
ECONOMIC Reserves Inferred Reserves
S } — e —4 —
MARGINALLY Marginal Reserves !nferred
ECONOMIC Marginal Reserves
—— —t — 71— “Inferred B T ]
SUB- Demon§trated Subeconomic
ECONOMIC Subeconomic Resources Resources

Major elements of mineral resource classification, excluding reserve base and inferred reserve base, Modified from McKelvey, 1972, Mineral

resource estimates and public policy: American Scientist, v.60, p.32-40, and U.S. Bureau of Mines and U.S. Geological Swvey, 1980,
Principles of a resource/reserve classification for minerats: U.S, Geological Survey Circular 831, p.5.




Terms and

GEOLOGIC TIME CHART
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 38
R Eocene
Subperiod 55
Paleocene
66
Late
Cretaceous Early - 96
138
Late
Mesozoic Jurassic Middle
Early
Late 205
Triassic Middle
Early
Phanerozoic p . Late’ ~ 240
ermian Early
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 Mid(lila
Ear
Y ~ 570!
Late Proterozoic
900
Proterozoic Middle Proterozoic
1600
Early Proterozoic
2500
Late Archean
- 3000
Archean Middle Archean
3400
Early Archean
r— e — s — e — — —— —=3800?— = — — o
pre-Archean?
4550

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

2 Informal time term without specific rank.
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