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Definition of Terms
Reserves.  Economically recoverable mineral-bearing material in identified deposits (Brobst  

and Pratt, 1973).
Resources.  Mineral-bearing material not yet discovered, or discovered material that currently  

cannot be recovered (Brobst and Pratt, 1973).
Identified resources.  Specific bodies of mineral-bearing material whose location, quality, and  

quantity are known from geologic evidence (Brobst and Pratt, 1973).  These resources  
are not particularly evaluated as to feasibility of mining and can be economic, marginal, or 
subeconomic.

Undiscovered resources.  Unspecified bodies of mineral-bearing material surmised to exist  
on the basis of broad geologic knowledge and theory (Brobst and Pratt, 1973).  These  
bodies can occur in known mining districts or in geologic terranes that presently have no 
discoveries.  These resources are also not evaluated as to feasibility of mining and can be 
economic, marginal, or subeconomic.

Mineral deposit.  An occurrence of sufficient size and grade that under the most favorable 
circumstance could be considered to have economic potential (Cox and others, 1986).

Mineral occurrence.  A concentration of a mineral that is considered valuable by someone 
somewhere or that is of scientific or technical interest (Cox and others, 1986).

Ore deposit.  A mineral deposit that has been tested and is known to be of sufficient size, 
grade, and accessibility to be producible and yield a profit (Cox and others, 1986).

Measurement Units

The grade and tonnage curves used in this study contain grades either as grams or as percent per metric 
ton.  Thus the estimated amounts of metallic resources within an undiscovered deposit are reported in 
metric tons of metal.  In many situations, units of measurement are noted as they were originally reported.  
Measurements originally made and reported in feet, in miles, in square miles, and in short (2,000-lb) tons, 
for example, are included here in their original units for clarity and to avoid misstatement of precision in 
conversion.  

To convert    To     Multiply by

feet     meters     0.3048
miles     kilometers    1.61
pounds    kilograms    0.45
square miles   square kilometers    2.6

Equivalences useful for reading this volume include the following:

1 troy ounce (oz)   31.1 grams (g)
1 short ton   0.9072 metric ton (t)
1 troy ounce per short ton  34.285 parts per million (ppm)
1 part per million (ppm)  1 gram per metric ton (g/t)
1 percent (%)   10,000 ppm
1 metric ton (t)   32,154 troy ounces
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•  This study was undertaken at the request of the United 
States Department of Agriculture (USDA) Forest Ser-
vice.  The USGS assessment involved a team of scien-
tists with expertise in geology, geochemistry, geophysics, 
economic geology, coal, mineral deposits, and resource 
analysis.

•  The forests include part of the Colorado Mineral Belt, one of 
the most productive areas of base and precious metals in 
North America.

•  Mining and mineral exploration have played a central role 
in the history of the forests since the late 1800’s; several 
world-class mines are either in or adjacent to the forests, 
and smaller mines are abundant throughout the forests.

•  Large tracts within the forests, including wilderness areas, 
contain indicators that suggest the presence of metallic 
mineral deposits.

•  Twenty-two metallic mineral deposit types were identified 
in the forests.  Mineral resource potential was assessed 
for seven of these deposit types:  granite-hosted porphyry 
molybdenum, granodiorite-hosted porphyry molybde-
num, sandstone-hosted uranium, volcanic-hosted massive 

sulfide, polymetallic vein, polymetallic replacement, and 
sediment-hosted redbed copper.

•  The commodities most likely to occur are gold, silver, cop-
per, lead, zinc, molybdenum, uranium, and vanadium.

•  Permissive tracts for metallic minerals are shown in Chapter 
K, figure K2; Chapter I, figure I2; Chapter G, figure G1; 
chapter H, figure H1; Chapter L, figure L2; and Chapter 
J, figure J1.

•  Favorable tracts for metallic minerals are shown in Chapter 
K, figure K3; Chapter I, figure I3; Chapter G, figure G2; 
Chapter G, figure G3; Chapter H, figure H2; Chapter L, 
figure L3; and Chapter J, figure J2.

•  The forests have a high coal resource potential, with 
resources estimated at about 38 billion short tons, 
in areas underlain by the Mesaverde Group or the 
Mesaverde Formation.  This value does not reflect eco-
nomic, environmental, technological, or geologic restric-
tions affecting availability and recoverability.

•  Tracts for aggregate suitable for asphaltic concrete and Port-
land cement concrete are shown in Chapter N, figures N1 
and N2.

Selected Results

Undiscovered Mineral Resource Potential for Select Deposits in the
Grand Mesa, Uncompahgre, and Gunnison National Forests, Colorado

By U.S. Geological Survey

This summary highlights the mineral resources of the forests and is directed toward
land-use planners and other interested persons
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4  Resource Potential and Geology, Grand Mesa, Uncompahgre, and Gunnison National Forests, Colorado

with the technical side of GIS.  Greg Green worked with the 
digital geology to compile and attribute a cohesive data set.  
Samantha Tokash helped compile information and locations 
for mines.  

Our reviewers helped to improve our ideas and presenta-
tion.  They include Greg Lee (geochemistry); David Camp-
bell and David Daniels (geophysics); Brad Van Gosen, Doug 
Nichols, and Ted Dyman (coal); David Lindsey and Robert 
Moench (geology); and Karl Evans, Donald Sweetkind, Rich-
ard Grauch, Robert Eppinger, and William Langer (mineral 
assessments).

Geographic Setting
The Grand Mesa, Uncompahgre, and Gunnison National 

Forests encompass about 3.12 million acres (4,868 mi2) in 
west-central Colorado.  The forests include much of the head-
water regions of the Gunnison and Uncompahgre River water-
sheds (fig. A1).  The Grand Mesa National Forest covers the 
Grand Mesa in the north-central part of the greater study area.  
The Uncompahgre National Forest is made up of three parcels.  
The largest parcel includes the Uncompahgre Plateau, an area 
of elevated Paleozoic strata between the Uncompahgre and 
Dolores Rivers.  Southeast of the Uncompahgre Plateau, the 
remaining two parcels of the Uncompahgre Forest include part 
of the rugged and remote San Juan Mountains near the towns 
of Telluride and Ouray.   East of the Uncompahgre Forest lies 
the Gunnison National Forest, which includes the east half of 
the broad circular band of forest land.   This forest includes all 
of the Sawatch Range west of the Continental Divide, as well 
as the Elk and West Elk Mountains.

The topography of the forests typifies the central Rocky 
Mountains of Colorado and varies from valleys and plateaus 
to steep and rugged mountains, including many of Colorado’s 
mountains exceeding 14,000 ft elevation.  The forests adjoin 
the White River, San Isabel, Rio Grande, and San Juan 
National Forests (listed clockwise from north to south, fig. 
A1).

Parts of nine counties lie within the forests: Delta, Gun-
nison, Hinsdale, Montrose, Mesa, Ouray, Saguache, San 
Juan, and San Miguel.  U.S. Highways 50 and 550 cross the 
area from northwest to southeast.  Numerous other State and 
county roads extend through or to the forests.  The major com-
munities within and near the forests include the cities of Grand 
Junction, Delta, Montrose, and Gunnison.  Former mining 
centers that have become small town recreational destinations 
include Crested Butte, Lake City, Telluride, and Ouray. 

Geologic Setting
The geologic setting of western Colorado is a culmina-

tion of more than 1.8 billion years of geologic  processes, 

which have yielded a breathtaking landscape.  The oldest 
known rocks are 1.8–1.7 billion year old metamorphic and 
intrusive rocks.  Preserved are accumulations of sediments and 
volcanic rocks deposited in an island-arc environment, which 
have been intruded by granitoids and later by 1.4 billion-year-
old granites.

The Paleozoic Era opened with the invasion of shallow 
seas from the east that deposited the materials of sandstones, 
carbonates, and shales in fault-bounded basins.  During the 
middle and late Paleozoic, regional mountain-building associ-
ated with the uplift of the Ancestral Rocky Mountains resulted 
in erosion and deposition of sediments, evaporites, and carbon-
ates in basins adjacent to the ancient uplifts.

Erosion of the Ancestral Rocky Mountains continued into 
the early part of the Mesozoic.  During the Late Triassic and 
Early Jurassic the environment changed from warm and humid 
to more arid, and great deposits of windblown sands accumu-
lated.  The continental desert environment gave way to an east-
ward-encroaching marine environment.  Regional erosion was 
followed by a depositional environment of lakes and flood-
plain-deposited mud and silt.  Regional compressive tectonism 
began to control paleogeography and sedimentary environment 
during the Cretaceous, with the onset of the Sevier orogeny 
throughout the Western Interior of North America.

The Laramide orogeny dominated the geologic history of 
the early part of the Cenozoic Era; regional mountain building 
and nonmarine sedimentation occurred in the Piceance and 
San Juan Basins.  Tertiary stratovolcano and caldera erup-
tions formed the highlands of the San Juan, West Elk, and Elk 
Mountains.  Rifting resulted in bimodal volcanism, and basalt 
flows extended across the Grand Mesa, San Juan volcanic 
field, and Flat Tops area.  Silicic plutonism accompanied the 
regional rifting.

Miocene uplift exposed the region to erosion, forming a 
regional erosional surface that dissected earlier surfaces.  Can-
yon cutting continued in Quaternary time, and a major climatic 
cooling brought on glaciation, which continued from about 
500,000 years ago into the Holocene.  During three glacial 
periods, ice almost totally covered the higher ranges, and the 
valleys were filled with glaciers; the modern alpine topogra-
phy with deep U-shaped valleys is largely a product of glacial 
erosion.  Holocene alluvium and glacial deposits are present in 
drainages and fans across the forests; these deposits consist of 
gravel, sand, and silt with varying degrees of consolidation.

Previous Assessments
The forests contain several wilderness areas (listed in 

table A1).  Mineral resource assessments have previously been 
conducted for these wilderness areas as well as other BLM 
wilderness areas.  Mineral resource assessments have also 
been conducted for three adjacent National Forests: San Juan, 
White River, and San Isabel (Van Loenen and Gibbons, 1997; 
Toth and others, 1993; Taylor and others, 1984).



Introduction  5

This report does not attempt to reconcile any differences 
between areas and quantitative values listed in earlier reports 
with the results in this report.  More similarities occur than 
differences, because the assessments were based on the same 
or similar mineral deposit models and presumably the same 
criteria for evaluation.  However, the data that were evalu-
ated are not always the same.  For example, some previous 
reports did not include geophysical data.  Also, for this report, 
locations of mines and minerals were updated and verified 
where possible, and we used our new definition of mineralized 
areas as a defining criterion for many deposit models.  The 
use of computer-selected areas to choose criteria from various 
databases has minimized subjective decisions that may have 
been used to refine permissive or favorable areas in earlier 
reports.  Finally, in that the quantitative assessment is based on 
subjective decisions by scientists, it may differ from previous 
opinions regarding the potential for undiscovered deposits.  
The quantitative assessment process is discussed further in 
Chapter F, this volume.  

Method for Identifying Favorable Areas 
for Undiscovered Mineral Resources

Mineral and coal resources are divided into three cat-
egories: locatable, leasable, and salable.  Locatable minerals 
comprise all minerals for which exploration, development, and 

production are regulated under the Federal General Mining 
Law of 1872, and include most metallic resources and some 
industrial minerals.  Leasable minerals are defined by the Min-
eral Leasing Act of 1920 to include oil, gas, coal, and several 
other minerals.  Of those minerals, we assess herein only the 
undiscovered resources for coal.  Salable minerals are defined 
by the Federal Materials Act of 1947 as those which have 
low unit value per ton, which are dependent on easy access to 
transportation, and which are generally used near the produc-
tion site.  These resources include dimension stone, aggregate, 
and sand and gravel.

The cornerstone of the USGS mineral resource assess-
ment was preparing, applying, and disseminating a set of 
georeferenced digital data, compatible with commonly used 
Geographic Information Systems (GIS).  With the cooperation 
of the Colorado Geological Survey, a digital geologic map 
has been compiled (Day and others, 1999), and locations of 
igneous intrusions associated with base- and precious-metal 
deposits were added.  The geologic setting for this vast study 
area is reviewed by Day and Bove (this volume, Chapter B).  
Aeromagnetic, gravity, aeroradiometric, and Landsat Thematic 
Mapper data sets, or derivative maps from these data, were 
prepared to help identify buried intrusions and associated 
hydrothermally altered rocks.  Available geochemical stream-
sediment data (Bove and others, 2000; Smith, this volume, 
Chapter C), and mine and mineral occurrence information and 
locations (Wilson and others, 2000) have also been compiled.  
Models of seven mineral deposit types were prepared to assess 
undiscovered mineral potential.  

Table A1.   Previous mineral resource assessment studies of wilderness land in or near 
Grand Mesa, Uncompahgre, and Gunnison National Forests, Colo. 

[Bold names indicate areas within the GMUG Forests]

 Study area   Reference

Cannibal Plateau Roadless Area   Sharp and others, 1983.
Dominguez Canyon BLM WSA1   Toth and others, 1983, 1987.
Eagle Mountain BLM WSA    Soulliere and others, 1986.
Fossil Ridge WSA    DeWitt and others, 1985.
Gunnison Gorge BLM WSA    Armbrustmacher and others, 1989.
Handies Peak BLM WSA    Sanford and others, 1987.
La Garita WSA     Steven and Bieniewski, 1977.
Maroon Bells-Snowmass WSA   Freeman and others, 1985.
Mt. Massive WSA     Van Loenen and others, 1989.
Oh-Be-Joyful WSA    Ludington and Ellis, 1983.
Powderhorn WSA     Sharp and others, 1983.
Redcloud Peak BLM WSA    Sanford and others, 1987.
Tabeguache Creek BLM WSA   Dickerson and others, 1990.
Uncompahgre Primitive Area2   Fischer and others, 1968.
Uncompahgre Primitive Area Additions3  Steven and others, 1973, 1977.
West Elk WSA     Gaskill and others, 1977.
Wilson Mountains Primitive Area4   Bromfield and others, 1972.

    1 Wilderness Study Area (WSA).
    2 Currently the Big Blue Wilderness Area.
    3 Includes parts of the Big Blue Wilderness and Mt. Sneffels Wilderness Areas.
    4 Currently the Lizard Head Wilderness Area.
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In order to assess the mineral resource potential of the 
GMUG greater study area, we outlined 36 mineralized areas 
(Wilson and Spanski, this volume, Chapter E).  A mineralized 
area encloses a geographic area that is defined by the pres-
ence of mines, prospects, and (or) mineralized occurrences 
that belong to one deposit type or a group of genetically 
related deposit types in a distinct geologic setting.  A mineral-
ized area may include an entire district or portions of several 
mining districts, just as a mining district may include several 
mineralized areas.  Twenty-five of the areas are based on the 
occurrence of a single mineral deposit type and 11 on multiple 
deposit types. 

Mineral resource potential assessments were conducted 
for seven of the most significant deposit types within the 
GMUG greater study area.  We began the assessment with an 
initial consideration of mineral types likely to be present in the 
area.  Of these, we selected the most important, both histori-
cally and of future impact.  These deposit types are granite-
hosted porphyry molybdenum, granodiorite-hosted porphyry 
molybdenum, sandstone-hosted uranium, volcanic-hosted 
massive sulfide, polymetallic vein, polymetallic replacement, 
and sediment-hosted redbed copper.  From descriptive models 
for these deposit types, criteria were determined to allow us 
to generate areas of permissive and favorable tracts.  A GIS 
computer program was used to select these criteria from 
various geologic, geophysical, and geochemical data bases.  
Finally, quantitative assessments were performed on four of 
the deposit types that had adequate grade and tonnage models.  

Upper Cretaceous strata are known to contain coal in the 
vicinity of the forests.  The forests have a low to moderate coal 
resource potential in areas underlain by the Dakota Sand-
stone and a moderate to high coal resource potential in areas 
underlain by the Fruitland Formation, Mesaverde Group, or 
Mesaverde Formation.  Contiguous areas of high coal resource 
potential in the Grand Mesa and Gunnison National Forests 
are estimated to have a combined coal resource of about 38 
billion short tons.  This study does not estimate coal reserves 
that can be economically produced at the present time.  

Summary of Mineral Resource 
Assessments

Granite Porphyry Molybdenum Deposits

Granite porphyry molybdenum deposits are characterized 
by mineralization and by intrusion of high-silica, alkali-rich 
granite or rhyolite.   Generally small and cylindrical, these 
high-silica stocks or plugs are thought to represent high-level 
cupolas that extend above large silicic plutons.  The ore zones 
of the deposits are centered in or above the apical portion of 
the source granitic intrusion.  More than 90 percent of the 

molybdenite is present in thin, moderately to steeply dipping 
stockwork veinlets.  Hydrothermal alteration is associated with 
these deposits.  Granite molybdenite systems are thought to be 
associated with the transition from compressive to extensional 
tectonism.  The Mount Emmons and Redwell Basin deposits 
along with the nearby world-class Climax and Henderson 
deposits attest to the unique character of the Tertiary magmatic 
terrane that underlies the study area and its capacity to gener-
ate deposits of this type.

Areas classified as permissive are those that are underlain 
by Tertiary-age intrusions.  As shown in Chapter G, figure G1, 
the permissive tract is quite extensive owing to the abundance 
of intermediate- to silicic-composition intrusions in the eastern 
3/4 of the GMUG greater study area.  These intrusions are 
absent within the more tectonically stable western 1/4 of the 
study area.  

Specific characteristics of favorable tracts (Chapter G, 
fig. G2) include distinctive chemical composition of the intru-
sions (high-silica granite or rhyolite), anomalous geochemi-
cal values for tin, tungsten, or niobium, and the occurrence 
of molybdenite or other minerals such as fluorite.  A small 
potential exists for the occurrence of one more deposit, based 
on the fact that two (Mount Emmons and Redwell Basin) out 
of the nine deposits used in the construction of the Climax-
type grade and tonnage models lie within the study area, and 
that areas within the study area have been targets of repeated 
exploration interest.  The repeated shows of exploration inter-
est indicate that other knowledgeable parties believe in the 
possible existence of additional Climax-type deposits.

Granodiorite Porphyry Molybdenum Deposits

Granodiorite molybdenum systems are associated with 
small composite stocks, late-stage batholiths, and less com-
monly single phase stocks.  Intrusions range from quartz 
monzonite to granodiorite.  Deposits are fluorine deficient and 
distinct from their fluorine-rich, granite molybdenum counter-
parts.  North American granodiorite deposits are mostly con-
fined to Mesozoic and Tertiary intrusive rocks.  The associated 
ore bodies are cylindrical, tabular, or irregular; mineralization 
was generally confined to stockwork veinlets developed in 
or around the roof of the intrusion.  These veinlets contain 
molybdenite and quartz with pyrite, biotite, and minor carbon-
ates.  No molybdenum or copper has been produced from 
granodiorite porphyry molybdenum deposits in the GMUG 
greater study area or other parts of Colorado.  However, 
several subeconomic granodiorite molybenum prospects have 
been located in western Colorado.  

Areas classified as permissive are those that are underlain 
by Tertiary intrusions, identical to granitic deposits (Chapter 
G, fig. G1).  Several intrusive units and correlative dikes are 
excluded from rocks characterized as permissive for miner-
alization based on previous mineral assessment and geologic 
studies.   Specific characteristics of favorable tracts (Chapter 



Introduction  7

G, fig. G3) restrict intrusions to intermediate- to silicic-
composition intrusions, dikes, hypabyssal stocks, and plugs 
ranging from quartz monzonite to granodiorite.  Other criteria 
include the presence of anomalous geochemical values for 
lead, zinc, or silver, or a mine, occurrence, or mineralized site 
with sphalerite, galena, or chalcopyrite present or containing 
elevated lead, zinc, copper, silver, or gold.  The small deposit 
potential determined in Chapter G recognizes the fact that the 
magmatic terrane that underlies the study area and dominated 
geologic events during Tertiary time is unique in terms of its 
molybdenum geochemistry.  As each pulse of magmatic activ-
ity evolves, it gives rise to a series of intrusive and extrusive 
events in which later events demonstrate a tendency to become 
anomalously enriched in molybdenum.  Owing to their size 
and the disseminated nature of the molybdenum mineraliza-
tion, any undiscovered deposit would only be of interest to 
major mining companies. Under these circumstances, explora-
tion interest in targets of this type is expected to be virtually 
nonexistent unless a major increase in market demand and 
price for molybdenum develops.

Sandstone-Hosted Uranium Deposits

Sandstone-hosted uranium occurrences are concentrated 
in two distinct geographic areas; one borders the GMUG 
area on the west (Uravan mineral belt) and a second, smaller 
area lies in the northwest corner of Gunnison County (Ruby-
Irwin Mineralized Area).  These occurrences are genetically 
similar—uranium minerals fill intergranular pore spaces and 
replace carbonaceous material, quartz grains, and intersti-
tial cements in clastic rocks, mainly sandstones.  A variety 
of sources of the uranium has been proposed: (1) sediment 
derived from incompletely weathered felsic rocks in the high-
land areas, (2) clays with adsorbed uranium that are deliv-
ered to the basin, or (3) detritus deposited on the basin floor.  
Oxidizing ground water percolated through these sediments, 
leaching uranium from volcanic glass, feldspars, and clay min-
erals, and transporting it.  Where these uranium-bearing waters 
encountered reducing conditions around organic rich sediment 
layers, uranium was precipitated. 

Permissive areas include feldspathic and carbonaceous 
sandstone units occurring interbedded with mudstones and 
shales (Chapter H, fig. H1).  For favorable areas, increased 
importance is placed on evidence that mineralization has 
occurred, on anomalous geochemistry or radioactivity, or on 
evidence from previous reports (Chapter H, fig. H2).  Under 
current free market conditions, sandstone-hosted uranium 
deposits in Colorado are noneconomic.  Should price increase 
to dollar values of the high teens or above, expectation is 
strong that some existing mines with proven reserves would 
reopen, and exploration for new deposits of similar size and 
grade, considered highly likely to be present in the favorable 
tract areas, would resume. 

Volcanic-Associated Massive Sulfide (VMS) 
Deposits

Volcanic-associated massive sulfide (VMS) deposits are 
located in the Dubois Greenstone belt, an area of Proterozoic 
volcanic and intrusive rocks exposed within the Gunnison 
uplift.  VMS deposits contain copper, lead, and zinc as primary 
ore metals, and lesser amounts of silver and gold.  VMS ores 
are deposited in structurally controlled zones from fluids in 
hydrothermal systems associated with underwater volcanoes 
and rifts.  Permissive areas (Chapter I, fig. I2) are defined by 
three rock types that contain metavolcanic rocks, metasedi-
mentary rocks, or both that are mapped as Xfh, Xf, and Xb of 
Day and others (1999).  Favorable areas restrict the geology 
to Xf or Xfh, and include evidence of known mineralization 
(Chapter I, fig. I3).  These areas lie east of Blue Mesa Res-
ervoir near Gunnison.  As in the past, VMS deposits in the 
greater study area will likely be valued for their gold content, 
with other commodities considered as byproducts.

Polymetallic Vein Deposits

Veins rich in copper, lead, and zinc, and carrying smaller 
amounts of silver or gold, form from rising, hydrothermal 
solutions.  Polymetallic vein deposits form as part of com-
plexly zoned subvolcanic systems and are known to form 
in rocks of many ages (Precambrian to Tertiary) and many 
compositions.  The fundamental requirement is that the host 
rock be brittle enough to break and stay open, thus allowing 
a vein to fill open space.  The southern area (Chapter J, fig. 
J2) generally hosts larger deposits that are related to Tertiary 
volcanic rocks.  The western San Juan Mountains between 
Silverton and Telluride contain some of the best endowed 
veins in the study area.  Deposits in the northeastern area tend 
to be smaller and occur in Proterozoic and Paleozoic rocks.  
These veins differ from the San Juan type in that they have 
more milky “bull” quartz and a relationship to early to middle 
Tertiary granitic stocks that appear not to have generated an 
extensive volcanic edifice. 

Permissive criteria include the presence of mapped shal-
low, subvolcanic Tertiary intrusions or geophysical evidence 
for them (Chapter J, fig. J1).  For favorable areas, increased 
importance is placed on evidence that mineralization has 
occurred, on anomalous geochemistry, and on proximity to 
caldera structures (Chapter J, fig. J2).  Favorable potential 
is mainly associated with the probable existence of smaller 
undiscovered ore bodies, especially in areas adjacent to or 
directly beneath areas of currently known polymetallic vein 
occurrences.  In the past, such an area would have been 
developed as a mine or as an extension to a mine.  In today’s 
economic and environmental climate, large mining companies 
are unlikely to be interested in sporadic occurrences of this 
nature; however, these smaller occurrences might be attractive 
development targets for smaller entrepreneurial groups.  The 
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viability of these mineralized areas is dependent on economic 
factors rather than geology.

Polymetallic Replacement Deposits

Polymetallic replacement deposits commonly contain 
lead, zinc, copper, and silver sulfide minerals and have been 
historically important contributors to the total lead, zinc, cop-
per, silver, and manganese produced in Colorado.  Substantial 
amounts of gold or silver in these smaller deposits compensate 
for their limited volume and make them commercially attrac-
tive.  Polymetallic replacement deposits are hydrothermal 
accumulations of sulfide minerals hosted in limestone, dolo-
mite, or other chemically reactive (soluble) rock, adjacent to 
intrusions.  Deposits range from small pods and veins to large, 
mixed-sulfide replacement bodies; the shapes are irregular 
and structurally and stratigraphically controlled.  Deposits 
are predominantly hosted by carbonates with a minor number 
hosted in sandstone, evaporite (gypsum), calcareous shale, and 
occasionally, permeable zones in volcanic rocks.

Permissive areas are within 10 km of known or inferred 
felsic Cretaceous or Tertiary plutons and are underlain by 
Paleozoic, Mesozoic, or Cenozoic sedimentary rock units that 
contain permeable and chemically reactive lithologic units 
(Chapter K, fig. K2).   To determine favorable areas, increased 
importance is placed on the presence of sedimentary rock units 
having a substantial carbonate component and on evidence that 
mineralization has occurred.  Favorable areas cluster around 
the towns of Ouray, Silverton, and Telluride in the south and 
near and to the east of Crested Butte in the northwestern part 
of the study area (Chapter K, fig. K3).  Favorable areas large 
enough to conceal district-size deposits that have not been 
extensively explored are lacking.  However, the potential is 
high for the existence of new ore bodies in areas adjacent 
to, or beneath, currently known polymetallic replacement 
mineralized rocks.  In today’s economic and environmental 
climate, large mining companies are unlikely to be interested 
in occurrences of this nature; however, these smaller occur-
rences might be attractive development targets for smaller 
entrepreneurial groups.

Sediment-Hosted Copper Deposits

Copper occurs in sedimentary rocks of the salt anticlines 
of the Paradox Basin, the borders of the Uncompahgre uplift, 
and the Eagle Basin.  Most known occurrences are small; 
however, deposits large enough to be productive occur in the 
salt anticline areas.  Chapter L describes a new model for 
structurally controlled, sediment-hosted copper deposits found 
in the Paradox Basin, formed where basin brines rose through 
faults and permeable sandstone formations adjoining salt 
anticlines.  Four tracts were determined to be permissive for 
the presence of sediment-hosted copper deposits; three areas in 
those tracts are further identified as favorable (Chapter L, figs. 
L2 and L3).  One favorable area includes much of the Paradox 

Basin, a second encompasses the southwestern Uncompahgre 
uplift, and a third is located in and near the Eagle Basin.  A 
viable near-term development potential is associated with 
these favorable areas.  No quantitative assessment could be 
conducted.
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