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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 Black Canyon (CO-050-131)
and South Piney Creek (CO-050-132B) Wilderness Study Areas, Saguache County, Colorado.
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dolomitic limestone conglomerate, thin-bedded, fine-
grained limestone, and quartz sandstone, 40 ft thick; (2)
a lower member of the Leadville (which he called middle
member of the Leadville), composed of thin-bedded, lo-
cally stromatolitic and fossiliferous, fine-grained lime-
stone and scattered beds of limestone conglomerate, 143
ft thick; and (3) an upper member of the Leadville, com-
posed of medium- to thick-bedded calcarenite and fine-
grained limestone, top removed by faulting, 43 ft ex-
posed. The Leadville is mineralized locally, especially
where it has been brecciated by faulting and folding. At
the Orient mine, south of Black Canyon, limestone brec-
cia in the lower member of the Leadville is strongly
mineralized with limonite iron ore (Stone, 1934). The
breccia extends across Black Canyon barely into the study
area, where it contains small amounts of limonite. In the
study areas, unfaulted sections of the Leadville are about
300 ft thick.

Middle Pennsylvanian Minturn Formation (unit
[Pm).—This unit consists of interbedded sandstone, siit-
stone, and shale. The lower part is gray to red, contains
coaly shale in places, and may be correlative in part with
the Middle Pennsylvanian Belden Formation. About 6,000
ft thick, the Minturn makes up the main part of the Sangre
de Cristo Range east of the study areas.

Oligocene(?) intrusive igneous rocks (unit Ti).—
These rocks are dikes and sills of felsic to mafic composi-
tion. Gray to tan and porphyritic, the dikes and sills are
as much as 10 ft wide and 100 ft in exposed length.

Quaternary surficial deposits (units Qpt, Qpf, QOrg,
Ql, and Qal}—These deposits include glacial till (Qpt)
and alluvial-fan deposits (Qpf) of Pleistocene Pinedale age
and rock-glacier deposits (Qrg), landslide deposits (QI),
and alluvium (Qal) of Holocene age.

Geochemistry

Analytical Methods

Stream-sediment samples were collected from first-
and second-order drainages in and near the Biack Canyon
and South Piney Creek Wilderness Study Areas (pl. 14).
Sampling was conducted in 1982 as part of a larger recon-
naissance geochemical survey of the Sangre de Cristo
Wilderness Study Area (Adrian and others, 1984). For
each sample locality a heavy-mineral concentrate and a
minus-80-mesh sample were analyzed. Except for ubiqui-
tous low-level boron enrichment, minus-80-mesh samples
were found to contain subdued values compared to con-
centrate samples. Selected data for the concentrate sam-
ples are presented in tables 1 and 2. A few rock samples
were also analyzed in 1984 (table 3).

Each heavy-mineral concentrate was collected by
panning a composite sample of stream sediment to an ap-

proximate composition of half dark minerals and half light
minerals, using a 16-in. gold pan. Samples were proc-
essed through bromoform and an isodynamic separator to
obtain nonmagnetic, heavy-mineral concentrates for analy-
sis.

All samples were analyzed semiquantitatively for 31
elements by a six-step, direct-current arc, optical-emis-
sion, spectrographic method (Grimes and Marranzino,
1968). Of the 31 elements analyzed, anomalous concen-
trations of antimony, barium, bismuth, boron, copper,
lead, molybdenum, niobium, silver, tin, tungsten, and
zinc may indicate areas of mineral resource potential.

Results of Study

Samples from the Black Canyon Wilderness Study
Area are enriched in a mixture of base metals, tin,
tungsten, and silver derived from a variety of mineralized
features that may be of related origin. These mixed-metal
anomalies were noted in stream sediments in Black Can-
yon, west of the Rito Alto stock, and in Orient Canyon
near the Orient mine.

Stream sediments from the upper reaches of Black
Canyon contain highly anomalous amounts of tin and
tungsten, probably derived from quartz-molybdenite veins
in the Rito Alto stock. Limited geochemical data (Adrian
and others, 1984) show that the most intense anomalies
in stream sediments are derived from the western side
of the stock, nearest the study areas. Zoning of metals
around the stock may be indicated by the high base-metal
content of rock sample RX9402 (1,000 ppm (parts per
million) zinc, table 3) and stream-sediment-concentrate
sample 4052 (1,500 ppm lead, table 1) from streams
draining the flank of the stock, compared to the high tin
and tungsten content of sample 4054 (100 ppm tin and
1,000 ppm tungsten, table 1) from a stream draining the
central part of the stock.

Mixed base-metal, tin, and silver anomalies rep-
resented by geochemical samples from the lower reaches
of Black Canyon and Orient Canyon could represent a
telescoped element suite caused by several pulses of
metal-rich hydrothermal fluids along the highly permeable
fault zones mapped there (pl. 1A). Or, the mixed-metal
suite could represent near-surface deposition, where sharp
changes in physical and chemical conditions caused rapid
precipitation of all metals from mineralizing fluids. The
mixed-metal suite could have been derived from the Rito
Alto stock and its country rock.

An alternative interpretation of the mixed-metal
anomalies at Orient Canyon is that they represent two
overlapping mineralizing systems operating in permeable
fault zones of the study areas. This interpretation includes
(1) deposition, around the periphery of the stock, of base
and precious metals derived from the mineralizing system
of the stock, and (2) deposition of base metals, tin, and
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Table 1. Selected elements in heavy-mineral concentrates, Black Canyon Wilderness Study Area.
[Data from Adrian and others (1984). Values in ppm; limits of detection in parentheses. Analyzed by six-step spectrographic method by B. M.
Adrian and B. F. Arbogast; sample 0037 analyzed by D. E. Detra. ND, not detected; <, less than; >, more than; do., ditto]

Sample Location Ag B Ba Bi Cu Mo Nb Pb Sb Sn W Zn
No. (0.5) (20) (50) (20) (10) (10) (50) (20) (200) (20) (100)  (500)
0562 Orient Canyon 100 50 3,000 20 200 ND 100 5,000 <200 >1,000 <100 500
0560 ~—==d0,==———- ND 100 200 ND 200 ND 70 20 ND 300 ND ND
0558 ——==dQ === ND 50 200 ND 100 ND 70 20 ND <20 ND ND
*
0037 Black Canyon- ND 200 500 50 70 <5 20 50 ND ND ND ND
4052 —-===do, === ND 200 200 ND 100 ND 100 1,500 ND 70 ND ND
4054 ————dQ,—=—m—— ND 1,000 150 ND 100 20 100 20 ND 100 1,000 ND
4056 ———=dQ,===——- ND 300 100 <20 150 10 70 20 ND 30 100 ND
0556 Lime Canyon--— ND 100 500 ND 100 ND 70 100 ND 20 <100 ND
0554 ——==do,~=——=—— ND 100 500 ND 100 ND 100 70 ND <20 ND ND

*
Concentrate sample lost. Data presented is for minus~80-mesh sample. Limits of detection are
one~-half those of other samples.

Table 2. Selected elements in heavy-mineral concentrates, South Piney Creek Wilderness Study Area.
[Data from Adrian and others (1984). Values in ppm; limits of detection in parentheses. Analyzed by six-step spectrographic method by B. M.
Adrian and B. F. Arbogast; sample 4318 analyzed by D. E. Detra. ND, not detected; <, less than; >, more than; do., ditto]

Sample Location Ag B Ba Bi Cu Mo Nb Pb Sb Sn W Zn
No. (0.5) (20) (50) (20) (10) (10) (50) (20) (200) (20) (100) (500)

4320* Steel Canyon—- 100 <20 >5,000 ND 70 ND <50 7,000 ND ND ND ND
4318 ~~——do,—————— 0.5 150 300 ND 50 <5 20 100 ND ND ND ND
4316 ———=dQ == 5 70 500 ND 150 ND 50 200 ND ND ND ND
4314 ~——=dQ, ===~ 20 50 3,000 ND 200 ND 100 5,000 ND 20 ND ND
4310 ——==dg,=———-= 700 20 >5,000 ND 1,000 ND 50 >20,000 200 30 ND ND
4312 Quarry Creek—- 50 50 5,000 ND 200 ND 100 10,000 ND ND ND ND
HOOL Between South ND 20 700 ND ND ND 300 100 ND 100 <100 ND

Piney and

Steel Creeks.
5026 South Piney

Creek. ND 100 2,000 ND 100 ND 70 70 ND 50 ND ND
5024 ——==dQ,=———— ND 150 1,000 ND 200 20 70 500 ND 30 ND ND
5022 ————do === ND 200 3,000 ND 100 <10 100 100 ND 50 ND ND
5030 North Piney

Creek. ND 100 200 ND 100 30 70 100 ND 30 200 ND
5154 Silver Creek— ND 100 300 ND 300 50 50 300 ND 20 150 ND

*
Concentrate sample lost. Data presented is for minus-80-mesh sample. Limits of detection are

one~half those of other samples.

tungsten derived from concentrations of massive-sulfide
minerals in Early Proterozoic rocks. Geochemical
anomalies of copper, zinc, tin, and tungsten are similar
to the geochemical signature of Precambrian stratabound
(massive-sulfide) deposits north of the study areas (Taylor
and others, 1984, p. 15). These deposits are typically
small and difficult to find; none was found in or near
the Black Canyon Wilderness Study Area during this
study.

A10

The South Piney Creek Wilderness Study Area con-
tains two geochemical anomalies. On its southern border,
Steel Canyon, all concentrate samples are enriched in sil-
ver and lead (table 2). Anomalous amounts of barium,
copper, and antimony occur in some samples. The anom-
aly is a continuation of that found in the Black Canyon
Wilderness Study Area. The northern anomaly, repre-
sented by samples from South Piney Creek (samples
5026, 5024, and 5022), North Piney Creek (sample
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Table 3. Selected elements in rock samples, Black Canyon and South Piney Creek Wilderness Study Areas.
[Values in ppm; limits of detection in parentheses. Analyzed by six-step spectrographic method by L. A. Bradley and P. H. Briggs. ND, not

detected; do., ditto; >, more than]

Sample Description Ag B Ba Bi Cu Mo Nb Pb Sb Sn W Zn
No. and location (0.5) (10) (20) (10) (5) (5) (20) (l0) (100) (10) (50) (200)
RX9402 Mineralized sandstone,
Black Canyon. ND 20 100 ND 70 ND ND 200 ND ND ND 1,000
RX9430* Limonitic iron,
Steel Canyon. ND 20 200 ND 150 ND ND 50 ND ND ND 1,000
RX002 Quartz-rich zone in
pegmatite, South
Piney Creek. ND ND ND ND 7 ND ND ND ND ND ND ND
RX002 ——==do,~mmm e m————— ND ND 70 ND 7 ND 100 30 ND 15 ND 300
rx003T Limonitic ironm,
Orient mine. ND ND ND ND 7 ND ND ND ND ND ND ND
SCl1254 Intrusive dike, peak
11,053. ND ND 1,500 ND 30 ND ND 30 ND ND ND ND
SC1257 Intrusive dike, 0.5 mi
south of peak 11,053. ND ND 1,000 ND 15 ND ND 20 ND ND ND ND
*Sample contains >20 percent Fe.
TSample contains 7 percent Fe and 5,000 ppm Mn.
5030), and Silver Creek (sample 5154), consists of  Results of Study

anomalous amounts of copper, lead, molybdenum, tin,
and tungsten (table 2). This geochemical suite in Precam-
brian rocks suggests the occurrence of massive-sulfide
minerals there, but no deposits of these minerals have
been found.

Rock samples (RX002A, RX002B; table 3) from
open cuts at the mouth of South Piney Creek were barren
of metals. The open cuts explore a pegmatite dike in
gneiss. Samples of mafic dike rock from the ridge north
of Steel Canyon were also barren.

Geophysics
Methods

A map of magnetic features in the vicinity of the
study areas was prepared from an aeromagnetic survey
of the Sangre de Cristo Wilderness' Study Area (U.S.
Geological Survey, 1983). The aeromagnetic survey was
flown under contract by High Life-QEB, Inc. in 1981
with a nominal terrain clearance of 1,000 ft and a flight-
line spacing of 0.25 mi. Such surveys are adequate for
defining large geologic features and the general distribu-
tion of rock units. The surveys are helpful in mapping
favorable environments for mineral resources.

The eastern and western sides of the northern
Sangre de Cristo Range are marked by large linear mag-
netic anomalies; between these anomalies, the center of
the range has a gentle, uniform magnetic gradient inter-
rupted only by the strong dipole anomaly of the Rito Alto
stock (fig. 3). Linear magnetic anomalies along the west-
ern side of the Sangre de Cristo Range are parallel to
the system of Laramide reverse and thrust faults in the
range and to the range-bounding Sangre de Cristo normal
fault.

Anomaly A is a linear magnetic high over Precam-
brian gneiss in the study areas (fig. 3). East of anomaly
A, the magnetic gradient decreases abruptly where Early
Proterozoic gneiss and early Paleozoic sedimentary rocks
have been faulted against the Middle Pennsylvanian Min-
turn Formation. The magnetic gradient also decreases to
the west along the range front, where the Sangre de Cristo
fault has downdropped Early Proterozoic gneiss into the
San Luis Valley. The gradient is not as abrupt as that
on the eastern side of anomaly A, suggesting that
downdropping of the valley floor beneath Cenozoic sedi-
ments is distributed among multiple strands of the Sangre
de Cristo fault and the Villa Grove fault zone. Anomaly
A continues more than 15 mi northward over Early
Proterozoic gneiss in the range but ends abruptly to the
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south where Early Proterozoic gneiss is covered by folded
and thrust-faulted Paleozoic sedimentary rocks at the
latitude of the Orient mine.

Anomaly B is a circular magnetic high centered
over the Rito Alto stock east of the study areas (fig. 3).
It is accompanied by a pronounced magnetic low centered
over altered rocks in the northern part of the stock. This
magnetic dipole probably is an expression of the sharp
contrast between high mafic-mineral content of unaltered
tonalite in the southern part of the stock and low mafic-
mineral content of hydrothermally altered tonalite and
granite in the northern part. The steep magnetic gradients
and circular pattern suggest an upright, cylindrical shape
for the unaltered part of the stock.

Anomaly C is an oval magnetic high centered over
valley fill and sedimentary rocks near the mouth of Garner
Creek (fig. 3). The northeastern end of the anomaly coin-
cides with felsic and pegmatitic dikes inside a possible
contact-metamorphic aureole of metamorphosed sedimen-
tary rocks near the mouth of Garner Creek. Interpretation
of the anomaly as the magnetic expression of a buried
stock is complicated by the crosscutting Sangre de Cristo
fault, which is not expressed in the anomaly, and by the
lack of data (end of flight lines) nearby.

Mineral and Energy Resource Potential
Metal Deposits Associated with Faults and Fractures

The Model (Orient mine)

Limonitic iron occurs at many places along faults
and fractures on the western side of the Sangre de Cristo
Range. Although most of these deposits may not be large
enough to be mined for iron, they may contain resources
of gold, silver, copper, lead, and zinc. The Orient mine,
0.5 mi south of the Black Canyon Wilderness Study Area,
is taken here as the point of departure for describing a
model of fault- and fracture-controlled metal deposits in
the vicinity of the study areas. The following description
is modified from Stone (1934) and Taylor and others
(1984, p. 25-26).

The Orient iron deposit occurs in the lower part
of the Leadville Limestone just east of the Sangre de
Cristo fault (fig. 3; pl. 14). The mined ore occurred as
pipelike and lenticular bodies of limonite as much as 210
ft long and 80 ft thick, mostly elongate parallel to bed-
ding. Most of the mined ore was in the lower part of
the Leadville Limestone, but iron is present near the mine
in most other formations of Paleozoic age. Limonitic iron
was probably localized by fractures in the Leadville near

the Sangre de Cristo and other faults. Near the mine,
limonitic iron is common along reverse faults and in
sheared axial zones of folds.

The ore mined at Orient was hard, cavernous to
slaggy limonite, with soft yellow-to-red ochre and some
hematite; the interiors of mined ore bodies were nearly
pure limonite. Minor amounts of barite, pyrolusite, anker-
ite, calcite, and chalcopyrite accompanied limonite. Grab
samples from dumps of the mine contain as much as 0.6
ppm gold and 4 percent copper (D. R. Shawe, written
commun., 1984). Gold assays of 0.01-0.04 oz per ton
were reported by Stone (1934, p. 325). Average gold val-
ues of 0.094 oz per ton were reported from limonitic iron
prospects in Major Creek canyon, 3 mi south of the Orient
mine (Ellis and others, 1983, p. 16). In the Victor mine
and a nearby unnamed prospect on the southern side of
Steel Canyon (pl. 1A), limonitic breccia is cut by narrow
(less than 3 ft) veins of fluorite, barite, and calcite. The
veins contain silver, copper, lead, and zinc (Hannigan,
1984).

Iron deposits like that at the Orient mine produce
a strong geochemical anomaly in stream sediment.
Geochemical surveys show anomalous amounts of barium,
copper, lead, silver, tin, and zinc in stream-sediment con-
centrates from Orient Canyon (table 1). The Orient iron
deposit has no expression on aeromagnetic maps, owing
to its small size relative to flight-line spacing and to the
nonmagnetic mineral content of the ore. No magnetic
anomaly that might indicate hydrothermal alteration was
identified.

The Orient deposit and nearby occurrences of
limonitic iron probably formed by hydrothermal fluids that
circulated through the many faults and fracture zones
along the western side of the Sangre de Cristo Range.
Although the Orient deposit itself does not lie in a mapped
fault zone, the host beds are steeply dipping, sheared,
and brecciated. Comparison of thicknesses of formations
at the Orient mine with other nearby localities suggests
that the Leadville Limestone and underlying Chaffee For-
mation have been thinned by tectonic shear. Near the
mine, most limonitic iron occurs in reverse faults and
thrusts and in sheared axial zones of folds, suggesting
that these structures were important conduits for
mineralizing fluids. All of the mapped mineralized struc-
tures are connected with one another and with the Sangre
de Cristo normal fault. Although most formations have
been mineralized, the Leadville Limestone and underlying
carbonate rocks may be particularly favorable hosts for
metal deposits because they are more reactive than silic-
eous formations.

Possibly iron and other metals were deposited by
an extensive convective system of hydrothermal fluids and
hot springs driven by the heat of nearby cooling plutons
in Oligocene time. The Oligocene Rito Alto stock, about
3 mi east of the Orient mine, may have been the principal
source of heat; an unexposed stock near the mouth of
Garner Creek, about 2 mi south of the Orient mine, may
have provided a second source. The presence of a buried
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stock near Garner Creek is indicated by dikes of igneous
rock, by andalusite-biotite phyllite interpreted as a con-
tact-metamorphic aureole, and possibly by acromagnetic
anomaly C (fig. 3).

Resource Potential

Both the Black Canyon and South Piney Creek Wil-
derness Study Areas have areas of moderate mineral re-
source potential for gold, silver, copper, lead, and zinc
in limonitic iron deposits of the Orient type (pl. 1B).
Areas of moderate potential meet the following criteria:
(1) intensely faulted and folded strata, (2) carbonate rock
at the surface or possibly in the shallow subsurface, (3)
scattered limonitic iron at the surface, and (4) anomalous
quantities of metals in stream sediment. Some areas of
moderate resource potential do not have mineralized rock
at the surface but are assigned moderate potential because
they share geologic features with mineralized areas. The
remainder of the study areas, including that underlain by
Early Proterozoic gneiss west of the faults and by Minturn
Formation east of the faults, is judged to have low re-
source potential for metals.

Assignment of moderate resource potential for iron,
gold, silver, copper, lead, and zinc in the study areas
is made with a certainty level of C; available data give
good indication of potential but are not fully adequate.
More detailed mapping and geochemical sampling are re-
quired to be sure of the extent of areas having moderate
resource potential. Exploration would be required to iden-
tify resources.

High-Purity Limestone and Dolomite

The Model

High-purity limestone and dolomite have been quar-
ried from the Leadville Limestone and the Fremont Dolo-
mite, respectively, in south-central Colorado (Carter,
1968). Both formations extend south from the Arkansas
River valley into the northern Sangre de Cristo Range
and through the study areas. South of the study areas,
the distribution of limestone and dolomite in the Sangre
de Cristo Range is spotty.

High-purity (high-calcium) limestone in the Lead-
ville of south-central Colorado is confined to the vicinity
of Salida and Colorado Springs and south of those cities,
including the region of the study areas (Vanderwilt and
others, 1947, p. 245). A bed of high-calcium limestone
100 ft thick has been mined from the lower part of the
Leadville Limestone near Monarch Pass, west of Salida
(Carter, 1968). The Leadville at Wellsville, along the Ar-
kansas River east of Salida, contains a bed of high-calci-
um limestone 20-25 ft thick. High-purity dolomite is

mined from a 130-ft thick interval of Fremont Dolomite
near Canon City (Carter, 1968). No other details are avail-
able to better define occurrence models for high-purity
limestone and dolomite in south-central Colorado.

Resource Potential

The study areas are judged to have high resource
potential for high-purity limestone and dolomite (pl. 1B).
The Leadville Limestone and Fremont Dolomite crop out
over about one-third of the study areas. Although these
formations have been mineralized locally in the study
areas, unmineralized rocks occur over sufficiently large
areas to support quarries. Neither formation has been
quarried for high-purity limestone or dolomite in the study
areas. No chemical analyses are available to test the purity
of beds in these formations in the study areas.

The certainty level is D because the favorable host
formations crop out in the study areas.

Geothermal Energy

The Model (Valley View Hot Springs)

The study areas lie within 1-2 mi of Valley View
Hot Springs, a KGRA (fig. 3). A second KGRA, Mineral
Hot Springs, lies near the topographic axis of the San
Luis Valley, about 6 mi southwest of the study areas.
The springs are typical of low-temperature (less than
100°C) geothermal water that is common throughout the
Rio Grande rift (Swanberg, 1983). Both Valley View and
Mineral Hot Springs have been used for recreation; Min-
eral Hot Springs has been developed for heating livestock
pens (Coe, 1980).

Valley View Hot Springs consists of four separate
springs that discharge about 250 gallons per minute from
the Sangre de Cristo fault (Barrett and Pearl, 1978, p.
124-127; Pearl, 1979). The water temperature is 32-37°C
at the surface and probably 40-50°C below the surface.
Water entering the alluvial fill of the San Luis Valley
probably is forced up along the Sangre de Cristo fault
by hydrostatic pressure.

Mineral Hot Springs discharges 70167 gallons per
minute mostly from a well in the eastern of three groups
of springs (Barrett and Pearl, 1978, p. 120-123; Pearl,
1979). The springs have surface temperatures as high as
60°C; subsurface temperatures may reach about 90°C.
Water entering the alluvial fill of the San Luis Valley
is probably heated at depth and forced up along an up-
faulted block in the subsurface of the San Luis Valley.

A third hot spring is along the northern side of Cot-
ton Creek, within the Sangre de Cristo Range and about
5 mi southeast of the study areas. This spring issues from
a thrust in Paleozoic rocks and deposits calcareous tufa
on talus. It evidently represents ground water that flows
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from recharge areas high in the range and ascends along
faults after heating in response to the geothermal gradient.

Low-temperature geothermal resources in rift basins
occur where ground water descends into the sedimentary
fill of basins like the San Luis Valley and is heated in
response to the geothermal gradient (Swanberg, 1983).
Hot springs issue from the basin and the basin margin
where the regional hydraulic gradient forces heated water
over a barrier or through a constriction to flow. Both Val-
ley View and Mineral Hot Springs fit this model. Small
hot-spring systems also may occupy fault systems in
ranges adjacent to rift basins.

No hot springs occur within the study areas, but
mineralized rock along faults there may represent the con-
duits of fossil hot springs. Widespread limonitic iron near
the study areas may indicate numerous hot springs in the
geologic past. The most likely time of hot-spring activity
was during the Oligocene, when the heat source of the
Rito Alto stock was present. Such hot-spring systems
driven by the heat of intrusive magma may have been
much hotter than the low-temperature geothermal water
of the present San Luis Valley, but they would have dissi-
pated when the intrusive magma cooled.

Resource Potential

Geothermal water in the San Luis Valley is a low-
temperature (less than 100°C) energy source suitable for
local industrial and agricultural uses (Coe, 1980). The
study areas have low resource potential for occurrences
of geothermal water of the type present in the San Luis
Valley. Parts of the valley adjacent to the study areas
have a moderate resource potential for low-temperature
geothermal water (pl. 1B). Because the study areas are
entirely within the Sangre de Cristo Range and do not
extend beyond the Sangre de Cristo fault onto the sedi-
mentary fill of the San Luis Valley, they are unlikely
to contain subsurface geothermal water.

Geothermal resource potential both inside and out-
side the study areas is estimated with a certainty level
of D because the area of potential is well defined by the
geothermal model.

Energy Resources Except Geothermal

Resource potential for coal, oil, gas, and uranium
is rated as low. Coaly shale occurs locally in the lower
part of the Minturn Formation, but the shale has no value
as fuel; the lower part of the Minturn is missing by fault-
ing in much of the study area. Although conditions for
oil and gas accumulation have been regarded as favorable

in other parts of the San Luis Valley (Gries, 1980), oil
and gas resource potential of the study areas is regarded
as low. Any oil and gas that might have accumulated
in the study areas probably has escaped through the many
faults along the western side of the Sangre de Cristo
Range or has been driven out of the rocks by metamorph-
ism. A small amount of uranium was mined from a frac-
ture zone in Harding Sandstone about 8 mi southeast of
the study areas (Nelson-Moore and others, 1978, p. 388),
but no evidence of uranium has been found within the
study areas.

Energy-resource assessments are made with a cer-
tainty of D because favorable geologic conditions are not
present in the study areas.

Recommendations for Future Work

The resource potential for base and precious metals
in the vicinity of the wilderness study areas could be as-
sessed with more confidence if the limonitic iron deposits
in the folded and faulted terrane of the western side of
the Sangre de Cristo Range had been studied from the
perspective of developing a genetic model of ore deposi-
tion. The distribution of limonitic iron and the structural
and lithologic controls of mineralization have been estab-
lished by geologic mapping for this assessment, but little
is known about trace-element and isotope composition of
the limonite and its host rocks and whether these vary
systematically within the mineralized area. Isotopic dating
is needed to better establish the relation between minerali-
zation, folding and faulting, igneous intrusion, and
metamorphism in the area. A well-defined model of
mineralization, when compared to models of mineraliza-
tion elsewhere, might indicate whether limonitic iron near
the study areas is likely to contain significant resources
of gold and other metals. A better model is required to
guide the exploration and sampling needed to define re-
sources.

Occurrence models for high-purity limestone and
dolomite in south-central Colorado need development.
Chemical analyses of rocks from measured sections of
Leadville Limestone and Fremont Dolomite are needed
to determine the relation between resource occurrence and
other geologic features. A regional survey of the geologi-
cal controls of high-purity limestone and dolomite beds
in the Leadville and Fremont Formations would greatly
assist assessment of resource potential of local areas. Pos-
sible controls that might be useful for resource assessment
include paleogeographic features and regional depositional
and diagenetic facies in carbonate rocks. Carbonate facies
have been described for some formations (Samsela, 1980),
but information is lacking about possible relationships to
resource occurrence.

Al4 Mineral Resources of Wilderness Study Areas— North-Central Colorado
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