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ABSTRACT

The Montrose Quadrangle in west-central Colorado was evaluated to iden-

tify and delineate areas favorable for the occurrence of uranium deposits
according to National Uranium Resource Evaluation program criteria. General
surface reconnaissance and geochemical sampling were conducted in all geologic
environments in the quadrangle. Preliminary data from aerial radiometric and
hydrogeochemical and stream-sediment reconnaissance were analyzed and brief
followup studies were performed. Twelve favorable areas were delineated in
the quadrangle. Five favorable areas contain environments for magmatic-
hydrothermal uranium deposits along fault zones in the Colorado mineral belt.
Five areas in parts of the Harding and Entrada Sandstones and Wasatch and Ohio
Creek Formations are favorable environments for sandstone-type uranium depos-
its. The area of late-stage rhyolite bodies related to the Lake City caldera
is a favorable environment for hydroauthigenic uranium deposits. One small
area is favorable for uranium deposits of uncertain genesis. All near-surface
Phanerozoic sedimentary rocks are unfavorable for uranium deposits, except
parts of four formations. All near-surface plutonic igneous rocks are unfa-
vorable for uranium deposits, except five areas of vein-type deposits along
Tertiary fault zones. All near-surface volcanic rocks, except one area of
rhyolite bodies and several unevaluated areas, are unfavorable for uranium.
All near-surface Precambrian metamorphic rocks are unfavorable for uranium de-
posits. Parts of two wilderness areas, two primitive areas, and most of the
subsurface environment are unevaluated.
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INTRODUCTION

PURPOSE AND SCOPE

The Montrose Quadrangle of the National Topographic Map Series (NTMS),
scale 1:250,000, in west-central Colorado was evaluated for geologic environ-
ments favorable for uranium deposits. Geologic environments within the quad-
rangle were categorized as favorable, unfavorable, or unevaluated based on the
similarity of their characteristics to the recognition criteria (Mickle and
Mathews, eds., 1978) prepared for the National Uranium Resource Evaluation
(NURE) program.

A favorable environment, as defined for the NURE program, is an environ-
ment that could contain uranium deposits aggregating at least 100 tons of
U308 in rocks having an average grade not less than 100 ppm U308. En-
vironments that did not meet this criterion were categorized as unfavorable.
Most of the subsurface and several areas of restricted access (wilderness and
primitive areas) were categorized as unevaluated because of insufficient data
for proper evaluation.

This study was conducted by Bendix Field Engineering Corporation (BFEC)
for the NURE program, managed by the Grand Junction Office of the Department
of Energy (DOE). The evaluation began October 20, 1977, and ended December 21,
1979. About 4.2 man-years were spent in literature review, field work, evalu-
ation of data, and folio preparation.

ACKNOWLEDGMENTS

The authors wish to thank the many mining companies, individual mining
claimants, and private landowners for access to their properties. Special
thanks go to AMAX, Inc., Exxon Corporation, Rocky Mountain Energy Company,
Wyoming Fuel Company, and Homestake Mining Company for their cooperation.
H. R. Koster of Salida and E. H. Bevington of Garfield provided helpful infor-
mation and access to the Madonna Mine. J. Hersey of Gunnison supplied useful
information about many uranium occurrences in the quadrangle. D. Fairchild of
the U.S. Bureau of Reclamation in Montrose enabled our access to the Crystal
and Morrow Point Reservoirs. Excellent cooperation was received from the U.S.
Bureau of Land Management, the U.S. Forest Service, and the National Park
Service in their areas of jurisdiction.

L. M. Fukui of the BFEC Mineralogy and Petrology Laboratory was the chief
petrologist assigned to the Montrose Quadrangle evaluation. Much of his work
is presented in Appendix D.

PROCEDURES

Surface geologic investigations consisted of field examination of radio-
active occurrences, representative and/or detailed sampling of geologic envi-
ronments, and brief followup examination and sampling of anomalies detected by
reconnaissance and detailed aerial radiometric and geochemical surveys. Petro-
graphic studies and an extensive review of the geologic literature facilitated
our surface investigations. Subsurface investigations were limited because of
the small numbers of oil and gas test wells in the quadrangle.
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Approximately 50 hours of helicopter time were used by the authors for
reconnaissance and access in extremely rugged and/or remote areas in several
portions of the quadrangle.

Surface Study

Approximately 180 previously reported radioactive occurrences were exam-
ined and evaluated using NURE recognition criteria (Mickle and Mathews, eds.,
1978), radiometric reconnaissance, and sampling of both the radioactive zones
and surrounding country rock. Uranium occurrence reports (App. C) were com-
pleted only for those radioactive occurrences that had uranium in sufficient
quantity to indicate that a process of uranium concentration had occurred.
These uranium occurrences are tabulated in Appendix Al. Many of the previ-

ously reported radioactive occurrences that we examined failed to meet the
uranium occurrence criteria (no process of uranium concentration had oc-

curred); these are tabulated in Appendix A2.

Surface geologic environments were evaluated by comparing field observa-
tions to recognition criteria for favorable environments; by radiometric re-

connaissance using Mt. Sopris SC-132 scintillometers and Exploranium FR-410
gamma-ray spectrometers; and by geochemical sampling of rocks, stream sedi-
ments, and waters. Representative samples of particular rock formations or
units were taken to establish baseline geochemical values; more detailed sam-
pling was conducted in environments that exhibited characteristics favorable
for uranium deposits.

Samples were analyzed at BFEC's Grand Junction laboratories for chemical
uranium (U308) by fluorimetric or colorimetric analyses; for equivalent
potassium, uranium, and thorium (KUT) by gamma-ray spectrometric analysis; and
for 29 other elements by emission spectrographic analyses. TSL Laboratories,
Ltd., in Opportunity, Washington, did emission spectrographic analyses for
samples taken during the 1978 field season. The results of chemical analyses
performed on the approximately 450 rock, stream-sediment, and water samples
taken during the evaluation are shown in Appendix B.

Samples were submitted to the BFEC Mineralogy and Petrology Laboratory
for thin-section analyses, identifications of rocks and uranium minerals, and
heavy-mineral separation and analysis. Uranium mineral identifications were
made by alpha-tracks of polished thin sections, chemical contact prints, spot
tests, X-ray diffraction, and semiquantitative Scanning Electron Microscope
and Energy Dispersive Spectrometer (SEM/EDS) analyses. Petrographic reports
for samples submitted during the evaluation are in Appendix D.

More than 80 maps and several hundred articles about various aspects of
the geology and mineral deposits in the quadrangle were used in the evalua-

tion. The locations of maps used for the evaluation are shown in the geologic-
map index (P1. 9). The main sources of information used to locate the
reported radioactive occurrences in the Montrose Quadrangle were the U.S.
Atomic Energy Commission's Preliminary Reconnaissance Reports (PRR's), the
U.S. Geological Survey's Computerized Resources Information Bank (CRIB), the
U.S. Bureau of Mines' Mineral Availability System (MAS), and the compilation

of radioactive mineral occurrences of Colorado (Nelson-Moore and - others,
1978).
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The reconnaissance aerial gamma-ray and magnetic survey for the Montrose

Quadrangle was done by geoMetrics, Inc., in the fall of 1978 as part of the

Uncompahgre Uplift project. Two Lama helicopters used in the survey flew a to-

tal of 13,390 line miles. The quadrangle was flown east-west with 2-mi (3-km)
spacings, except for the southeast quarter which was flown with 3-mi (5-km)
spacings. North-south tie lines were flown at 12-mi (19-km) spacings. The
reconnaissance aerial survey report was open filed on July 10, 1979, and the
data were partly interpreted by the BFEC Data Integration Group and the au-

thors. No interpretation of the aerial radiometric data for Plate 3 has been
made, because the late open-file date of the survey prevented a complete fol-
lowup field examination of the detected anomalies.

Four detailed aerial gamma-ray and magnetic surveys of the quadrangle
were also flown by geoMetrics in 1978. These surveys were flown with 1/4-mi

spacings and were mainly in the Sawatch Range and Elk Mountains in the eastern
part of the quadrangle. Preliminary data from the detailed surveys were

available near the end of the 1979 field season, permitting only a brief fol-

lowup study of the detected anomalies.

A Hydrogeochemical and Stream-Sediment Reconnaissance (HSSR) program was

conducted in the southwest quarter of the Montrose Quadrangle by Los Alamos
Scientific Laboratory (LASL) in 1976. This was part of a large HSSR survey of
the San Juan Mountains in southwestern Colorado (Maxwell, 1977). Anomalies
detected from this survey were checked during the 1978 field season. The re-
connaissance USSR survey for the entire quadrangle (Broxton and others, 1979),
also performed by LASL, was open filed on November 30, 1979. Preliminary data
from this survey were partly interpreted by the BFEC Data Integration Group
and the authors in the late part of the 1979 field season. No interpretation
of the HSSR data for Plate 4 has been made, because the late open-file date of
the survey for the entire quadrangle prevented a complete followup field check
of the detected anomalies. The Sawatch detailed survey, an HSSR sampling pro-
gram conducted by LASL in late 1979 in the east and northeast portions of the

Montrose Quadrangle, is expected to be open filed sometime in 1980. No data
were available from this survey before the completion of our evaluation.

Subsurface Study

Investigation of the subsurface in the quadrangle was limited to the
study of approximately 35 oil and gas test-well logs, confined mainly to the
northwestern part of the quadrangle. Gamma-ray neutron logs were available
from Rocky Mountain Well Log Service in Denver for only 14 of these test
wells. The locations of wells having gamma-ray logs are shown on Plate 8. The
large distance between wells and the variable depths of available logs made
lithologic correlations nearly impossible. Some gamma-ray logs from U.S.
Geological Survey coal test drill holes in the northwest part of the quad-
rangle were also used in the evaluation; the locations of the coal test holes
are given in Table 3.

GEOLOGIC SETTING

The Montrose Quadrangle (Fig. 1), an area of about 19,200 km2, contains
parts of the Colorado Plateau and Southern Rocky Mountains physiographic
provinces. The Colorado Plateau occupies part of the western third of the

5
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quadrangle and is expressed as a series of gently sloping, dissected plateaus.
Portions of the Paradox Basin, Uncompahgre Plateau (Uplift), Montrose sag,

Gunnison Uplift, and Piceance Basin are parts of the Colorado Plateau repre-
sented in the quadrangle (Fig. 2). The Southern Rocky Mountains Province
occupies the eastern two-thirds of the quadrangle and is characterized by
scattered, rugged mountain peaks and an irregular network of ridges and
valleys. The Southern Rocky Mountains in the quadrangle are represented by
parts of the San Juan volcanic field, Gunnison Uplift, Piceance Basin, Elk
Mountains, Sawatch Range, Rio Grande rift zone, Sangre de Cristo Range,
Mosquito Range, South Park, and all the West Elk volcanic field and West Elk
Mountains (Fig. 2). The Continental Divide crosses the eastern half of the

quadrangle, mostly along the lofty Sawatch Range.

Lithologic columns and descriptions of the various sedimentary, metamor-

phic, volcanic, and intrusive igneous rocks within the Montrose Quadrangle are
presented on Plate 7.

Metamorphic and intrusive (igneous) rocks of Precambrian X and Y ages

crop out over about 20% of the quadrangle. They are exposed mainly in the
Gunnison Uplift, Sawatch Range, Mosquito Range, and a large unnamed area east
and northeast of Gunnison (P1. 7). Metamorphic rocks of Precambrian X age,
referred to as the pre-1,700 m.y. metamorphic complex (Tweto, 1976), are a

complex suite of paragneisses which have undergone generally high grade re-
gional metamorphism. Igneous rocks of Precambrian X age intruded the metamor-
phic complex about 1,700 m.y. ago during the later part of the period of
regional metamorphism. These plutonic rocks are generally syntectonic, con-
cordant, commonly foliated, and mainly granodioritic in composition. Intrusion
of igneous rocks of Precambrian Y age was contemporaneous with final cataclas-

tic deformation of the metamorphic complex about 1,400 m.y. ago (King, 1976).
In general, the intrusive rocks are posttectonic, discordant in part, unfoli-

ated, and mainly quartz monzonitic to granitic in composition. The Uncompahgre
Formation (P1. 7) overlies basement rocks and is exposed south of Ouray in the

southwest part of the quadrangle; these rocks are of Precambrian Y and X ages.

Phanerozoic sedimentary rocks are exposed in about 45% of the quadrangle.
The most abundant are rocks of Mesozoic age which crop out in about 25% of the

quadrangle. Paleozoic sedimentary rocks crop out in less than 5% of the quad-
rangle and are mainly of marine origin.

Rocks of the early Paleozoic are relatively thin and were deposited dur-

ing several shallow marine transgressions over the Transcontinental Arch.
These rocks are present as scattered remnants mainly in the eastern part of

the quadrangle along the margins of the Sawatch Range. Rocks of the late
Paleozoic are much thicker and represent sediments shed from the northwest-

trending Uncompahgre-San Luis highland. These rocks accumulated in the deep
Paradox and Central Colorado Basins which flanked the uplift to the southwest
and east, respectively. Upper Paleozoic rocks are present in the southwest
and north-central parts of the quadrangle and, again, as scattered remnants
along the margins of the Sawatch Range.

Triassic and Jurassic rocks in the quadrangle are fairly thin because the
area was part of the central Colorado uplift during the Mesozoic. Triassic
rocks occur only in the southwest part of the quadrangle. Jurassic rocks rep-
resent a wide variety of shallow-marine and continental environments and lie

7
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directly on Precambrian rocks in most of the central part of the quadrangle.
Thick sedimentary deposits of Cretaceous age occur in the western three-quar-

ters of the quadrangle and represent shoreline, shallow-marine, and flood-

plain environments. These Cretaceous rocks were deposited in and near the

epicontinental seas of the Western Interior Seaway.

Tertiary sedimentary rocks are exposed in less than 5% of the quadrangle.
They occur mainly in the northwest part and in scattered areas in the eastern
part of the quadrangle. Paleocene and Eocene sediments in the northwest part
of the quadrangle were shed off the rising Sawatch anticline (Range) and
filled the Piceance Basin (Fig. 2); both the Sawatch anticline and the
Piceance Basin were formed during the Laramide orogeny which lasted from the

Late Cretaceous to the mid-Tertiary. Oligocene rocks in the eastern part of
the quadrangle represent material shed to the east and west from the Sawatch
Range and also include some material derived from the developing San Juan vol-
canic field to the south (Fig. 2). A large thickness of Miocene and Pliocene

rocks in the eastern quarter of the quadrangle fills parts of the Rio Grande
rift zone (Fig. 2), which formed a north-northwest-trending graben system in
Miocene time.

Glacial and alluvial deposits of the Quaternary System cover about 10% to
15% of the surface of the quadrangle; they commonly occur in the wide valleys
of the major drainages.

Tertiary volcanic rocks, mostly of Oligocene age, crop out in about 30%
of the quadrangle. Volcanic activity was mainly centered in the San Juan and
West Elk volcanic fields (Fig. 2). The larger San Juan volcanic field, of
which only the northern third is in the Montrose Quadrangle, consists of a
generally very thick sequence of andesitic flows and breccias which are over-
lain by later rhyolite and quartz latite ash-flow tuffs and are capped in some
places by Miocene basalt flows. Six calderas, all or part of which are in the
quadrangle (Fig. 2), were the source for most of the rocks composing that part
of the San Juan volcanic field in the quadrangle.

The West Elk volcanic field consists of a very thick accumulation of
vent-facies lavas and breccias and coalescing aprons of volcaniclastic debris,

overlain by a much smaller volume of ash-flow tuffs. The West Elk volcanic
rocks erupted from a composite stratovolcanic center. Ash-flow tuffs from both

the San Juan and West Elk volcanic fields intertongue over the area of the
Gunnison Uplift (Fig. 2).

Several other small areas of Tertiary volcanic rocks, mostly ash-flow
tuffs, occur in the northeast part of the quadrangle. During the Oligocene,
these ash-flow tuffs erupted from calderas in the central and southern Sawatch
Range.

Phanerozoic intrusive igneous rocks crop out in about 5% of the quad-
rangle. They range in age from Late Cretaceous to Miocene, with the exception
of the alkalic complex at Iron Hill (P1. 7) in the south-central part of the
quadrangle, which is of Cambrian age. The intrusive rocks that formed during

the Late Cretaceous through the Oligocene are located along the Colorado min-
eral belt, part of which extends across the quadrangle roughly in a broad zone
from the northeast to the southwest. The earlier Laramide intrusions occur as
small granodioritic stocks, dikes, and sills in the southwest part of the
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quadrangle. Oligocene intrusive rocks, mainly quartz monzonites, are the most
abundant and occur as laccoliths in the West Elk Mountains, as stocks in the
Ruby Range, Elk Mountains, and central Sawatch Range, as the Mount Princeton
batholith in the southern Sawatch Range, and as small bodies scattered in
other parts of the quadrangle. Intrusive rocks of Miocene age in the quad-
rangle consist of minor basaltic bodies and the late-stage rhyolite plugs re-
lated to the Lake City caldera.

Some of the major structural features in the quadrangle are designated in
Figure 2. The dominant north-to-northwest trend of many of the structures and
their associated faults was probably inherited from the prominent north-
northwest trend of Precambrian structures here and elsewhere in the mountain
province of Colorado (Tweto, 1977). These Precambrian structures have a long
history of recurrent movement with major events occurring mainly in the late
Paleozoic, during the Laramide orogeny, and in the late Tertiary.

Structural development of the Gunnison Uplift and the large anticlinal
Sawatch Range during the Laramide orogeny was accompanied by high-angle re-
verse faults along the uplift margins. The Red Rocks and Cimarron Faults (see
geologic map of the quadrangle) are examples of such faults on the southwest
side of the Gunnison Uplift. An unnamed area between the Gunnison Uplift and
the Sawatch Range (Fig. 2), actually the western flank of the Laramide Sawatch
anticline, contains numerous high-angle reverse faults. The Elk Mountains, a
structural bench on the west side of the Sawatch anticline, are bounded on the

southwest by several thrust faults which have been interpreted by Bryant
(1966) as sole faults marking the base of several gravity slides off the
Sawatch anticline.

The Rio Grande rift zone developed during the Miocene and sliced through
the eastern flank of the Sawatch anticline, possibly along Precambrian struc-
tural trends. Many normal faults bound the rift zone along the eastern edge
of the quadrangle. (See geologic map.)

Normal faulting in the southern part of the quadrangle is mainly related
to the collapse of several calderas and to postvolcanic, late-Tertiary uplift
of the general area of the San Juan Mountains.

ENVIRONMENTS FAVORABLE FOR URANIUM DEPOSITS

SUMMARY

Twelve areas (P1. La) in the Montrose Quadrangle have environments favor-
able for uranium deposits. Five areas (Areas A through E) along fault zones in
the Colorado mineral belt are favorable for magmatic-hydrothermal uranium de-
posits (Class 330, Mathews, 1978a). These areas are the Marshall Pass uranium
district (Area A); an area east and northeast of Gunnison (Area B); the
Cochetopa uranium district (Area C); the northeast part of the Bonanza dis-
trict (Area D); and an area north of the Blowout near Ouray (Area E).

Five areas (Areas F through J) in the quadrangle are favorable for
sandstone-type uranium deposits (Class 240, Jones, 1978a). Non-channel-
controlled peneconcordant deposits (Subclass 244, Austin and D'Andrea, 1978)
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occur in the Harding Sandstone in the Kerber Creek (Area F), Marshall Pass

(Area G), and Garfield (Area H) areas. Channel-controlled peneconcordant de-

posits (Subclass 243, Austin and D'Andrea, 1978) occur in the Wasatch and Ohio

Creek Formations in part of the Ruby-Irwin district (Area I). The Entrada
Sandstone in the roscoelite belt (Area J) also is favorable for uranium depos-
its, but it does not fit the criteria for any of the sandstone subclasses and

is here assigned to the general sandstone class (240).

Late-stage rhyolite bodies related to the Lake City caldera (Area K) are
favorable for hydroauthigenic uranium deposits (Class 530, Pilcher, 1978a).
The area around the Bel Air (Bonita) Mine No. 2 (Area L) is favorable for ura-
nium deposits of uncertain genesis; however it does not fit the criteria for

any specific class or subclass within the uncertain genesis classification

(Mathews, 1978b).

MAGMATIC-HYDROTHERMAL URANIUM DEPOSITS

Areas favorable for magmatic-hydrothermal uranium deposits (Class 330)
are along fault zones in the Colorado mineral belt in the Montrose Quadrangle
(P1. La) and include the Marshall Pass uranium district (Area A); an area east
and northeast of Gunnison (Area B); the Cochetopa uranium district (Area C);

the northeast part of the Bonanza district (Area D); and an area north of the
Blowout near Ouray (Area E). These five areas are favorable because their ob-

served and analytical characteristics generally agree with the geologic char-
acteristics and recognition criteria for the magmatic-hydrothermal class as

discussed by Mathews (1978c). The most important recognition criteria ob-
served in fault zones in the five areas are brecciation, sulfide and carbonate
minerals, hydrothermal alteration (silicification, sericitization, argilliza-
tion, and hematitization), and primary uranium minerals.

Magmatic-hydrothermal deposits form during the later stages of magmatic

evolution when uranium is deposited in veins and vein networks (Mathews,
1978a). Several uranium mines and numerous uranium occurrences are along such

vein systems in the five favorable areas cited. Of the approximately 2.7 mil-
lion lb U308  produced in the quadrangle, over 99% has been mined from

vein deposits in the Marshall Pass and Cochetopa uranium districts.

All five favorable areas are along reverse and normal faults, fractures,

or shear zones in mobile-belt terrane. The faults may have undergone recur-

rent movement since the Precambrian. They host mineralized veins of Laramide
to mid-Tertiary age, which are in many places brecciated. Fault contacts of
Precambrian rocks against either Paleozoic or Mesozoic sedimentary rocks are
the most favorable structural conditions for uranium occurrences and deposits
in the Marshall Pass district, the area east and northeast of Gunnison, and
the Cochetopa district.

The composition of the vein material is variable at uranium occurrences

in the five favorable areas, and seems to be mainly dependent upon the lithol-
ogies of the rocks that are faulted. In the Cochetopa district the veins
contain abundant secondary quartz (chalcedony), barite, and clay minerals,
whereas in the Marshall Pass district the vein material along much of the min-

eralized portion of the Chester Fault is carbonate breccia and minor chert,
hematite, and pyrite.
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Uraninite (pitchblende) and coffinite are the most common primary uranium
minerals. Uranophane, autunite, and torbernite are the most commonly observed
secondary uranium minerals in veins along the fault zones. The uranium miner-
als are found as finely disseminated grains along fractures, as fine-grained
material in veinlets and breccia zones, and as grain coatings.

Chemical controls of uranium concentrations are subtle and difficult to
identify in all five areas. Common accessory minerals in the veins are py-

rite, sphalerite, and galena. Elements typically present are arsenic, cobalt,
copper, iron, lanthanum, lead, molybdenum, nickel, strontium, sulfur, thorium,
yttrium, and zinc. Iron and sulfur commonly combine to form pyrite or marca-
site and act as a reductant for uranium deposition. Such epigenetic pyrite
and marcasite are usually associated with uranium enrichment in the Marshall
Pass and Cochetopa districts.

Radiometric disequilibrium conditions are extremely variable in these
vein-type deposits. In the Marshall Pass district, surface samples from oxi-
dized vein rocks are generally out of equilibrium in favor of radiometric ura-

nium (eU). In this case, uranium has probably been leached by sulfuric acid
formed during oxidizing of pyrite (Nash, 1979). Radium contributes further to

the disequilibrium problem because it is precipitated by sulfates in oxidized
zones. In the Cochetopa district, mineralized exposures are generally near

equilibrium or slightly favor chemical uranium (U 3 08 ).

The thorium-to-uranium ratio is generally much less than unity at signif-
icant uranium occurrences in all five of the favorable areas; this reflects

the fractionation process of uranium and thorium during the formation of
hydrothermal fluids. Thorium and uranium are effectively separated in the

hydrothermal environment because thorium, unlike uranium, remains tetravalent
and does not readily enter hydrothermal solutions. Where the vein deposits

are solely in Precambrian rocks the thorium-to-uranium ratio can be variable,
as demonstrated in the Cochetopa district by the high thorium-to-uranium

ratios of 10 to 15 at Occurrences 124 and 125 (App. C) and the low ratios of
less than unity at Occurrences 108 and 110. The thorium-to-uranium ratio of

vein deposits in sedimentary rocks is less variable and is usually less than

unity.

Alteration of the rock adjacent to the vein deposits in the five areas is

variable and seems to be dependent upon rock type. Only minor silicification
and hematitization are present in the sedimentary rocks along the Chester
Fault in the Marshall Pass district. Alteration along faults in the Cochetopa
district is moderate to extreme; the sedimentary rocks are intensely silici-
fied and bleached and Precambrian rocks have been kaolinized, chloritized, and
sericitized. Argillization, silicification, and hematitization are common

types of alteration along faults in the other three favorable areas. Argil-
lized Precambrian rocks along the faults are less favorable hosts for uranium

because the formation of clay tends to restrict fluid transmissivity and sub-

sequent deposition of uranium.

The favorable vein systems occupy fault zones which vary in width from 1
to 200 m. The degree of brecciation along a fault zone influences its favor-
ability as a host for uranium. Fault branches or intersections often localize

uranium concentrations, as in the Los Ochos Mine area (App. C, Occurrences 112
through 116).
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A relationship between the fault-controlled vein-type uranium deposits

and uraniferous leucocratic intrusives of epizonal character is difficult to
establish for all the favorable areas. Vein-type deposits in the Marshall

Pass and Cochetopa districts, the best examples of the favorable environment,

are up to 10 km from exposed intrusive rocks. The Colorado mineral belt and
its associated hydrothermal base- and precious-metal deposits cover much of

Areas A, B, and C. Thus the indication is that intrusive rocks may be present
at shallow depths near uranium and other mineral deposits in this area. Many
of the uranium occurrences in the eastern part of favorable Area B may be re-
lated to the Oligocene Mount Princeton batholith, which is slightly enriched
in uranium. The favorable areas in the northeastern part of the Bonanza dis-
trict and north of the Blowout near Ouray (P1. la, Areas D and E, respec-
tively) demonstrate a closer relationship to nearby intrusive bodies.

Olson (1976c and 1979) suggested a supergene source for uranium in fault-
controlled vein-type deposits in the Marshall Pass and Cochetopa districts. He
postulated that all or parts of both districts were covered by light-colored
siliceous, tuffaceous units of Oligocene age from which uranium may have been
leached and deposited below the prevolcanic surface in fault zones that con-
tained sulfide reductants. Although most of the uranium occurrences along
faults in the favorable areas show some evidence of a magmatic-hydrothermal
origin, some of the areas that were covered by Oligocene volcanic rocks may

have experienced supergene enrichment of uranium.

Area A. Marshall Pass Uranium District

The Marshall Pass district (P1. la) is located about 4 km west of

Marshall Pass in the east-central part of the quadrangle near the southern end
of the Sawatch Range. The district is situated adjacent to the northeast edge
of the San Juan volcanic field (Fig. 2). A general geologic map of the dis-
trict is shown on Plate ic.

Basement rocks of Precambrian X age consist of paragneisses and schists
of the pre-1,700 m.y. metamorphic complex (Tweto, 1976) which were intruded by
granitic and pegmatitic bodies about 1,700 m.y. ago. These rocks are exposed
in the eastern and northern parts of the district.

Paleozoic sedimentary rocks range in age from Cambrian to Pennsylvanian
and are about 650 m thick in the district; they are exposed in a remnant body

in the western portion of the district. Early Paleozoic sediments were depos-
ited during several shallow-marine transgressions, and thicker Pennsylvanian

clastic sediments accumulated along the southwestern edge of the Central
Colorado Basin close to the Uncompahgre-San Luis highland.

Volcanic rocks of Oligocene age are exposed in the southern part of the

district and thicken southward. They consist of welded ash-flow and waterlaid
tuffs, andesite and quartz latite flows, and volcanic breccias. Their source
was probably the Bonanza caldera to the southeast.

The major structural feature in the Marshall Pass district is the complex
Chester reverse fault system that trends north-northwest (P1. ic). The
fault, probably formed during the Laramide orogeny, is the contact between
Precambrian and Paleozoic rocks for about 6 km in the district. West of the
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Chester Fault, Paleozoic rocks have a low dip and are gently warped in broad
folds. The Chester Fault is buried to the south by Oligocene volcanic rocks;
to the north it becomes less evident because of poor exposures and absence of
Paleozoic rocks (Olson, 1979).

The Chester Fault zone is 60 m to more than 100 m wide and dips eastward
from about 200 to nearly 900. The lower dips on the fault are found to the
north near the Little Indian No. 36 Mine (P1. ic); to the south, the fault
dips more steeply. Displacement along the fault zone is about 600 m. Several
east-trending faults cut the Chester Fault zone and form rotated'blocks (Nash,
1979).

Uranium production from the district began in 1956 and continued sporad-
ically until 1972. A total of almost 1.3 million lb U308 at an average
grade of nearly 0.6% U308 was produced from four mining areas in the dis-
trict. The Pitch Mine, which produced about 1.2 million lb U308, and the
Little Indian No. 36 Mine are along the Chester Fault. Minor production has
come from the Harry Creek area at the Lookout No. 22 Mine and the Marshall
Pass No. 5 Claim (P1. ic). Homestake Mining Company is presently developing
an open-pit mine along the Chester Fault at the site of the old Pitch Mine.
Exploration by Homestake since 1972 has established a reserve of 7.14 million
lb U308 at an average grade of 0.17% U308 (Ward, 1978).

The Chester Fault zone and about 3% of the remaining area within the
region outlined on Plate 1c are favorable for uranium deposits to a depth of
300 m (1,000 ft). The area of the region outlined on Plate 1c is 26.1 km2 .
The width of the favorable area along the Chester Fault zone is 150 m where it
is the contact between Precambrian and Paleozoic rocks and 50 m where it cuts
solely Precambrian rocks. The Chester Fault zone is favorable for a length of
approximately 11 km; the favorable area along the fault is about 1.2 km2 and
the volume favorable is about 0.36 km3. The remaining region outlined adja-
cent to the fault zone contains a favorable area of about 0.7 km 2, and the
volume favorable is approximately 0.21 km3. The total area favorable in
this part of the Marshall Pass district is about 1.9 km 2, and the total
volume favorable is about 0.57 km3 .

A 150-m width was chosen for the favorable area along part of the Chester
Fault where it is the contact between Precambrian and sedimentary rocks be-

cause this zone contains the extent of known uranium enrichment. At the Pitch
Mine, the Chester Fault zone contains more than 0.01% U3 08 in a projected

surface width of at least 100 m (Nash, 1979, Fig. 2). Farther north along the
fault at the Little Indian No. 36 Mine we observed a uranium-enriched zone 50
to 100 m wide. To the south where the Chester Fault crosses the valley of
Marshall Creek, we found a much narrower radioactive zone only a few meters
wide (App. C, Occurrence 134). Although we observed no uranium enrichment
where the Chester Fault cuts solely Precambrian rocks, some enrichment has

been found in the Precambrian at the Pitch Mine (Nash, 1979) and in the Harry
Creek area east of the fault. For these reasons, a favorable area 50 m wide
is assigned to the Chester Fault where it cuts solely Precambrian rocks.

A depth of 300 m was chosen for the favorable area along the Chester
Fault zone. The Draft Environmental Impact Statement, prepared by the U.S.
Forest Service and U.S. Nuclear Regulatory Commission in 1978 for the Pitch
Project, indicated that uranium orebodies extended to a depth of about 215 m
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(700 ft) along the Chester Fault. Homestake will mine (stockpile) uranium ore

to a lower grade cutoff of 0.02% U308; their proposed open-pit mine will
be about 215 m (700 ft) deep. The 300-m (1,000-ft) depth is an estimate of
how deep uranium enrichment of at least 0.01% U308 might occur.

An estimated 3% of the remaining area (outside the Chester Fault zone)
within the region outlined on Plate 1c is favorable for uranium deposits to a
depth of 300 m. This estimate encompasses several areas of known uranium en-

richment east of the Chester Fault in the Harry Creek area and also considers
the possibility of additional (unknown) areas of uranium concentration that

may occur in minor faults and fractures related to the Chester Fault system.

Uranium along the Chester Fault zone occurs chiefly in brecciated
Leadville Limestone (Dolomite) of Mississippian age, and to a lesser extent in
sandstone, siltstone, and carbonaceous shale of the Belden Formation of
Pennsylvanian age, in the Harding Sandstone of Ordovician age, and in granitic
rocks and schists of Precambrian X age. Nash (1979) presents an excellent
discussion of the Leadville Limestone and its role as the major host for ura-
nium at the Pitch Mine; his report is referenced frequently herein, because we
were denied access to the Pitch Mine area.

Brecciation was a strong physical control of uranium concentration within

the fault slices that make up the footwall of the Chester reverse fault zone.
The Leadville Limestone, which is mostly dolomite in this area, is pervasively

brecciated in the fault zone. Other formations along the fault were either
unbroken or underwent ductile deformation. Because of its brecciated charac-
ter, the Leadville Dolomite contains about 50% of the new uranium reserves in
the Pitch Mine area (Nash, 1979).

The Leadville was deposited in a tidal-flat (possibly supratidal) envi-

ronment; dolomitization occurred during diagenesis and was probably complete
before sedimentation of the Belden Formation (Nash, 1979). Nash (1979) de-
scribes the Belden as being deposited in an intertidal or subtidal environ-
ment; it is only mildly fractured and contains very little uranium. (Previous

workers have indicated that the Belden contained most of the ore at the Pitch
Mine.) The Harding Sandstone was deposited along the shoreline of a regres-

sive sea; the sandstone is silicified, highly fractured, and relatively per-
meable along the Chester Fault at the Little Indian No. 36 Mine.

Uranium minerals reported from the Pitch Mine are uraninite (pitch-
blende), metatorbernite, coffinite, and sabugalite (Ward, 1978). Most of the
uranium is in pitchblende or coffinite carried in the matrix of breccia and
along numerous cracks as very fine-grained veinlets (Nash, 1979). Uranium
minerals reported from the Little Indian No. 36 Mine are uranophane, urani-
nite, autunite, gummite, and boltwoodite.

Epigenetic pyrite and marcasite associated with uranium occur in all the
Paleozoic rocks along the Chester Fault at the Pitch Mine. Enriched elements

other than iron and sulfur are molybdenum and lead. Of these, molybdenum cor-
relates strongly with uranium and may be a useful pathfinder for uranium
(Nash, 1979). The organic carbon content of the rocks in the fault zone does
not seem to have controlled uranium deposition; we noticed no association of

carbon with uranium in the Harding Sandstone at the Little Indian No. 36 Mine.
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In many places along the fault zone, oxidation near the surface has pro-
duced a porous gossan which is ocher colored and high in silica and limonite.
This zone is highly radioactive (eU) but is low in chemical uranium. Uranium
has probably been leached by sulfuric acid formed by oxidation of pyrite
(Nash, 1979). Other forms of alteration were not observed along the parts of
the Chester Fault zone that we checked; typical patterns of hydrothermal al-
teration either do not exist or are poorly developed.

Dupree and Maslyn (1979) proposed that uranium at the Pitch Mine is re-
lated to karst development on the top of the Leadville Limestone, and that
uranium mainly occurs in a black, organic-rich matrix of carbonate breccias
that formed on the karst. Nash (1979) disagrees with those interpretations,
as do the authors of this report, because the carbonate breccias are clearly
part of the complex Chester Fault zone. Also, there is no evidence that
organic-rich material was present on the karst surface or that uranium enrich-
ment was controlled by high concentrations of organic carbon.

Numerous prospects and several small mines occur in the Harry Creek area
about 2 to 3 km east of the Pitch Mine. The three main groups of workings in
this area are the Lookout Claim group and the Marshall Pass No. 5 Claim on the
steep slopes west ofHarry Creek (P1. ic), and the Hidden Reserve Claim group
(App. Al, Occurrences 139 and 140) on the hilltop east of Harry Creek. Ura-
nium occurrences in these localities are in pegmatites, granite gneiss, quartz
monzonite, and granite. In the 1950's, small high-grade concentrations of
uranium were mined from colluvium overlying shear zones and faults in schist;
most of this production was from the Lookout No. 22 Claim (Gross, 1965).

No major structures were mapped by Olson (1977) in this area; however,
minor faults and shear zones are present and may be related to the Chester
Fault, about 2 km to the west. Uranium minerals identified by petrographic
analysis (App. D) from samples taken at the Lookout Claims and the Marshall
Pass No. 5 Claim occur as fracture and vein fillings. Yttrocolumbite, xeno-
time, and thorium-bearing zircon were found by petrographic analysis of
samples (App. D) from pegmatites in the Hidden Reserve Claim group. These

minerals are characteristically found in uranium-bearing pegmatites; thus the
indication is that uranium in the Hidden Reserve Claims may not be structur-

ally related to the Chester Fault.

We found barite and kasolite (lead uranyl silicate) in quartz monzonite
at the Marshall Pass No. 5 Claim. Meta-autunite in granite gneiss and abun-
dant kasolite (App. D) in an altered pegmatite were found at the Lookout
Claims. Uranium minerals identified by Gross (1965) from the Lookout No. 22
Claim are uraninite, schoepite, epiianthinite, becquerelite, soddyite, bolt-
woodite, uranophane, zeunerite, metazeunerite, and hydrated autunite.

Hydrothermal alteration is very pronounced at the Harry Creek uranium
mines and prospects, with mineralized rock showing strong argillic alteration
and replacement of feldspars by limonite and quartz. Rocks containing uranium
at the Lookout Claims and Marshall Pass No. 5 Claim are also enriched in base
metals, particularly lead and zinc. Uraniferous pegmatites in the Hidden
Reserve Claims are enriched in thorium and rare-earth minerals, in particular
lanthanum and yttrium.
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The Marshall Pass district is well defined by HSSR data for the Montrose

Quadrangle in anomalous water-sample cluster W3 and anomalous sediment-sample

cluster S3 (Broxton and others, 1979). The district also appears on multiple-
step-regression residual and thorium-to-uranium ratio maps prepared by the
BFEC Data Integration Group in statistical analysis of HSSR stream-sediment
data. The Marshall Pass district is shown by uranium anomalies 154 and 155
from the aerial gamma-ray and magnetic survey for the Montrose Quadrangle
(geoMetrics, Inc., 1979).

Fracturing, faulting, and the degree of associated brecciation, all prob-

ably related to the Chester Fault system, were the main ore controls for
magmatic-hydrothermal uranium deposits in the Marshall Pass district. It is
difficult to relate these magmatic-hydrothermal deposits to a mid-Tertiary in-
trusive source; the nearest intrusive bodies are two small rhyolite plugs to
the south near the mouth of Duncan Creek (Olson, 1979). Uranium concentration
may have been a combination of hypogene and supergene processes, because most

of the district was covered in Oligocene time by ash-flow and waterlaid tuffs.
These tuffs are a likely source from which uranium may have been leached and
carried by ground water to favorable structural sites (Olson, 1979).

The surface of most of the Marshall Pass district is administered by the
U.S. Forest Service; on those forest lands all minerals are federally owned.
Homestake Mining Company has active mining claims over nearly the entire fa-
vorable area and has recently patented several claims that cover the proposed
open-pit mine and mill site for their Pitch Project.

Area B. Area East and Northeast of Gunnison

Area B, outlined on Plate ld, contains parts of the Sawatch Range, Elk
Mountains, and an unnamed region west of the Sawatch Range that is the western
flank of the Laramide Sawatch anticline (Fig. 2). Area B occupies parts of
Gunnison, Saguache, and Chaffee Counties and contains about 1556 km2.

A general geologic map of Area B is shown on Plate Id. Precambrian rocks
are predominant in the area; they consist of granitic rocks of Precambrian X
and YX (problematic) ages and gneissic rocks of Precambrian X age. Remnants
of Paleozoic and minor Mesozoic sedimentary rocks are scattered within the

area. The sedimentary rocks are folded in many places and are commonly
bounded by faults. Phanerozoic intrusive igneous rocks are chiefly granodi-
orites, quartz monzonites, and rhyolites of early- to mid-Tertiary age. These
intrusive rocks form stocks in the Elk Mountains and Sawatch Range and minor
dikes and sills scattered within the area.

Reverse and normal faults of Laramide to mid-Tertiary ages are the major
structural features in Area B. These faults (P1. id) commonly trend north-
northwest and cut solely Precambrian rocks or place Precambrian rocks in con-
tact with Paleozic and/or Mesozoic sedimentary rocks. Uranium in Area B
occurs along these fault zones in geologic settings that are similar to the
Chester Fault in the Marshall Pass uranium district (Area A).

Area B contains five subareas, outlined by dashes on Plate ld; namely,
Italian Mountain, Jacks Cabin, Broncho Mountain, Whitepine, and Monarch-
Garfield. Most of the uranium occurrences in these subareas are along fault
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zones that form contacts between Precambrian granitic rocks and Paleozoic sed-
imentary rocks; however, some occurrences are in faults or fractures solely in
Precambrian rocks.

Significant uranium occurrences have not been found outside of the sub-
areas within Area B. The portion of Area B outside the subareas, however,
does contain faults and fractures in the same structural settings that are
found in the subareas. The outline of Area B therefore includes both the sub-
areas and the surrounding faulted areas that have similar structural set-
tings.

Approximately 3% of the outlined region (P1. id) composing Area B is fa-
vorable for magmatic-hydrothermal uranium deposits. This 3% figure is an es-
timate of the amount of surface area containing fault and fracture zones that
could host hydrothermal vein-type uranium deposits.

The favorable area within the outline of Area B is favorable for uranium
deposits to a depth of 300 m (1,000 ft). The 300-m depth was estimated for
favorability along the fault and fracture zones because this depth is near or
slightly greater than that of exploratory drill holes along several faults in

the subareas. The area favorable within the region outlined (Area B) is about
47 km2, and the volume favorable is approximately 14 km3.

The favorable characteristics of the geologic settings and uranium occur-
rences in the five subareas and some characteristics of the remainder of the
area within Area B are discussed in the following subsections.

Subarea 1 - Italian Mountain. The Italian Mountain subarea (P1. id) is
near the northern end of Area B. This subarea is in the central part of the
Colorado mineral belt and near the eastern edge of the Elk Mountains. The
subarea includes part of the Castle Creek Fault zone in the vicinity of
Italian and American Flag Mountains.

The Italian Mountain intrusive complex is in the western part of the sub-
area. The complex, of Oligocene age, consists of three epizonal plutons com-
posed of quartz diorite to quartz monzonite (Cunningham, 1973) that intruded
schists, gneisses, and granites of Precambrian X age and Paleozoic sedimen-
tary rocks. The Italian Mountain complex intruded along the north-northwest
trending Castle Creek Fault zone of Laramide age. Folding during the earlier
part of the Laramide orogeny produced a recumbent syncline involving Paleozoic
sedimentary rocks. The Castle Creek Fault zone later cut the Paleozoic rocks
in the recumbent fold. The intrusion of the Italian Mountain complex created
around its margins transverse faults, a system of joints, and rotation of sed-

imentary beds.

Hydrothermal lead-silver deposits associated with the Italian Mountain
intrusive complex have been mined from breccia zones and replacement bodies in

the Mississippian Leadville Limestone in the Star Basin area, just east of
Italian Mountain. Other minor hydrothermal deposits occur mainly to the north
and southeast of Italian Mountain in the Leadville Limestone and in shales of
the Belden Formation. Laramide folding and faulting and the later formation
of fractures during intrusion of the Italian Mountain complex created a proper
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environment for hydrothermal vein-type uranium deposits. Cunningham (1973)
presents an excellent discussion of the Italian Mountain intrusive complex and
its associated hydrothermal base-metal deposits.

Three uranium occurrences (App. Al, Occurrences 48 through 50) were found
by the authors in this subarea. Two of the occurrences are related to fault

or fracture zones and one is a cluster of several highly radioactive cold
springs that may be a surface expression of a fault or shear zone. The

radioactive cold springs were first found in the subarea during a carborne
radiometric reconnaissance. The springs occur near the upper end of a bog in
an area about 50 m in diameter. Samples of organic-rich bog material from two
of the springs had about 100 ppm U308. The radiometric content of one of
the bog samples was 13,000 ppm. The extremely high radioactivity at these
springs is probably due to radium-226. The bog deposits around one spring
were heavily iron stained as well as highly radioactive.

Pegmatitic granite of Precambrian X age sampled along a shear zone
about 200 m south of the radioactive springs had 19 ppm equivalent uranium.
Slightly anomalous radioactivity occurs along this minor shear zone that
extends south from the radioactive springs to the sampled pegmatitic granite.
A buried vein-type uranium deposit that may be a source of uranium for the
radioactive springs could be present along this shear zone or in nearby
faults.

The third uranium occurrence is along a normal-fault contact of Belden
shale and Precambrian X granite gneiss. Radioactive material along the east-
trending fault is in limonite-cemented breccia. Petrographic analysis of a
sample (MFT 345) from the breccia indicated that uranium is associated with
limonite cement around carbonate fragments (App. D). Iron staining and the
presence of secondary quartz filling fractures are the main evidence of hydro-

thermal alteration along the fault. Some base-metal enrichment has occurred,
as evidenced by a high zinc content in the sample.

Subarea 2 - Jacks Cabin. The Jacks Cabin subarea (P1. id) is located
south of the Elk Mountains near the northwestern edge of Area B. The subarea

includes the northwest-trending North Star (Granite) reverse-fault zone, prob-
ably of Laramide age. The North Star Fault forms the contact between granite

of Precambrian Y and X ages to the northeast and late Paleozoic or Mesozoic
sedimentary rocks to the southwest. A rhyolite stock, probably of Oligocene
age, forms Round Mountain along the northwestern part of the North Star Fault;
the fault probably controlled the emplacement of the stock. The North Star

Fault extends for approximately 32 km; the width of fracturing along the fault
zone ranges from 100 to 200 m.

Uranium was discovered in 1955 in the North Star Fault zone at the North
Star Claims and prospects (App. Al, Occurrence 51) about 5 km northeast of
Jacks Cabin. These uranium occurrences are commonly considered to be in the
Jacks Cabin area. Uranium minerals consist chiefly of autunite in argilla-
ceously altered granite. Late Paleozoic sedimentary rocks adjacent to the
fault do not appear to contain uranium at the surface; however, they may
contain it at depth.
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Several mining companies have conducted exploratory drilling projects
along the North Star Fault in the last 5 years. Most exploration along the
fault has been centered around the North Star prospects and north of Round
Mountain in the Eccher Gulch area, about 5 km to the northwest. Hydrothermal
solutions associated with the intrusion of the Round Mountain stock may have

provided uranium for the ocurrences along the North Star Fault.

Subarea 3 - Broncho Mountain. The Broncho Mountain subarea (Pl. Id) is
in the central part of Area B west of the main Sawatch Range, and includes the
high country around the heads of Gold, Lottis, and Crystal Creeks. Cross,
Broncho, and Fossil Mountains are included in this subarea.

A general geologic map of this subarea is shown on Plate Id. Granite and
gneiss of Precambrian X age are predominant, with small, scattered remnants of
Paleozoic sedimentary rocks preserved in synclines. Most of the remnants are
at least partially bordered by reverse faults, probably of Laramide age. Small
stocks and minor sills and dikes of rhyolitic to dioritic composition intrude
the Precambrian and Paleozoic rocks; these intrusive rocks are probably of
mid-Tertiary age.

Several major fault systems trend north and northeast in the subarea.
Some of the faults extend for 20 km or more and are characterized in many
places by obvious hydrothermal alteration along the fault zones. Many smaller
subsidiary faults are present in the area; however, detailed geologic mapping
would certainly reveal more of these structures.

Gallagher and others (1977), in a detailed BFEC study which included all
of the subarea and most of the surrounding region, concluded that the Broncho
Mountain area warranted further exploration for uranium. This conclusion was
based mainly on the high values of uranium found in stream-sediment samples.
Exxon Corporation and Rocky Mountain Energy Company later performed detailed
stream-sediment sampling programs in the Broncho and Fossil Mountain areas.
Both companies followed up this sampling with exploratory drilling programs

during the summer of 1979. Access by helicopter, a requirement imposed by the
Forest Service, was necessary for exploration programs in this remote and

rugged area.

In 1978 a detailed aerial radiometric survey of the subarea was flown by
geoMetrics, Inc., at 1/4-mi spacing. Preliminary data from this survey indi-

cate that several locations within the subarea contain anomalously high values
of uranium and thorium. Uranium enrichment is indicated in several places by
decreases in the thorium-to-uranium ratios. The areas of such anomalies were
checked by the authors during helicopter reconnaissance and sampling in 1979.
The anomalies were mainly in quartz monzonite, mapped as Precambrian X gran-
ite, which is slightly to moderately enriched in uranium. The range in con-

tent of equivalent uranium from representative (unenriched) granitic rocks
that we sampled was 6 to 12 ppm. One sample (MFT 367) of an unenriched quartz
monzonite northwest of Broncho Mountain had 57 ppm U308  (App. C,
Occurrence 55).

Some anomalously high uranium values were also found in two samples from

reverse-fault zones that are contacts between Precambrian X granitic rocks and
Paleozoic sedimentary rocks north from Broncho Mountain to the Cross Mountain
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area. The two samples (MFT 363 and 368) containing high uranium values were

taken along fault zones that exhibited well-developed patterns of hydrothermal

alteration (App. C, Occurrences 54 through 56).

The many hydrothermally altered fault zones, the slightly to moderately

uranium-enriched Precambrian X granitic rocks, and the presence of nearby in-

trusive igneous rocks of mid-Tertiary age are favorable criteria for magmatic-
hydrothermal vein-type uranium deposits in the Broncho Mountain subarea.

Subarea 4 - Whitepine. The Whitepine subarea (P1. Id) in the south-

central part of Area B includes part of the Tomichi mining district around the

village of Whitepine and extends to the west to include the lower part of the
Canyon Creek drainage. The subarea is along the west flank of the Sawatch
Range.

Gneissic granite of Precambrian X age is the predominant rock in the sub-
area. Small synclinal remnants of Paleozoic sedimentary rocks, in part bounded
by reverse faults, occur in the eastern portion. The southwestern edge of the
Oligocene Mount Princeton batholith, which consists mainly of quartz monzo-
nite, extends into the southeastern part of the subarea.

Major structural features around Whitepine are the northwest-trending
Morning Glim reverse fault and the north-trending Star reverse fault; the

Morning Glim Fault may be the southern extension of the Tincup thrust fault
(Dings and Robinson, 1957). The Bald Mountain and Stridiron reverse faults
are the major faults west of Whitepine up Canyon Creek (Dings and Robinson,

1957). These faults are all probably of Laramide age.

Hydrothermal base-metal vein and replacement deposits of lead, zinc, and
minor silver, gold, and copper are present in Paleozoic limestones and dolo-
mites along fault contacts with Precambrian rocks. The source of the hydro-

thermal solutions that carried base metals and uranium was probably the Mount
Princeton batholith.

Uranium occurrences are known from three localities in the subarea: the
Big Red properties, the Akron Tunnel (Mine), and the Margo Claims. The Big
Red No. 22 Mine (App. Al, Occurrence 78), approximately 3 km south of

Whitepine, is the only property that has produced uranium in the subarea.
This mine produced 557 lb U308  in the late 1950's and early 1960's
(Nelson-Moore and others, 1978). The Big Red No. 39 prospects (App. Al,
Occurrence 77) are located about 2 km north of Big Red No. 22. Both proper-

ties are on the same reverse fault along which small remnants of Upper
Cambrian Sawatch Quartzite are preserved. The remnants are surrounded by gra-
nitic rocks of Precambrian X age. The principal uranium mineral at these
properties is autunite, which is associated with base metals at the Big Red

No. 22 Mine and with thorium and minor base metals at the Big Red No. 39 pros-
pects. The reason for the high thorium content only at the Big Red No. 39 is
unknown. The Precambrian X granitic rocks in this general area are enriched
in thorium. Hydrothermal fluids may have acquired the thorium from the
Precambrian rocks along the fault zone.

On the dump from the Akron Tunnel (App. Al, Occurrence 75) just south of
Whitepine, uranium was found in micaceous quartzite which contains calcite-
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sphalerite-pyrite-quartz-galena veinlets (MFT 320, App. D). The mine is in a
remnant of Paleozoic sedimentary rocks bounded on the east by the Star Fault.
Because the mine is caved, the source of the uranium occurrence is unknown; it
may possibly have come from the Star Fault.

The third locality that contains a uranium occurrence is on the Margo

Claims (App. Al, Occurrence 73), about 7 km northwest of Whitepine. The oc-
currence is in pegmatitic granite of Precambrian X age about 1 km southeast of

a faulted remnant of Paleozoic sedimentary rocks. The relation of the uranium
occurrence to the Bald Mountain Fault that bounds the Paleozoic remnant is

unclear. Uraninite and torbernite have been reported from the Margo Claims
(J. Hersey, consulting geologist, Gunnison; oral comm., 1979). A sample that

we took had euxenite-polycrase and xenotime, which are common in pegmatites
and contain small amounts of uranium. Uranium at the Margo Claims may have

been introduced by hydrothermal processes into fractures and faults solely in
the Precambrian rocks. The hydrothermal environment, which also provided base

metals to the Paleozoic remnant to the northwest, may be related to the Mount

Princeton batholith.

Subarea 5 - Monarch-Garfield. The Monarch-Garfield subarea (P1. id),
near the eastern end of Area B, is in the southern part of the Sawatch Range

around the village of Garfield. The subarea includes the Monarch-Garfield
mining dis- trict and much of the South Arkansas River headwaters.

Granitic and gneissic rocks of Precambrian X age occur chiefly in the
eastern part of the subarea. Synclinal remnants of Paleozoic sedimentary
rocks occur around Garfield and Monarch, and are fault-bound on the west by

Precambrian rocks; the quartz monzonite of the Oligocene Mount Princeton bath-

olith is in contact with the sedimentary rocks to the north.

Major reverse faults trending north and northwest in the subarea are the
Lake, Madonna, and Mayflower; they are probably of Laramide age (Dings and
Robinson, 1957). Several (normal?) faults in the eastern part of the subarea

may also be of Laramide age.

In the western part of the subarea, hydrothermal replacement orebodies of
base metals occur along north- and northwest-trending faults in Paleozoic

limestones and dolomites. Uranium has been found in the Madonna Mine, the
largest producer of gold, silver, and lead in the Monarch-Garfield district.

The mine has been closed since the mid-1950's; it now hosts a small commercial
mine-tour operation. Uranium, identified as pitchblende, was found by Dings
(1952) on the mine dump. This uranium reportedly came from a small lead ore-
body on the 384-ft sublevel of the mine along the Madonna Fault (H. Koster,
previous owner of Madonna Mine, oral comm., 1979).

The authors examined the mine workings in 1979 and found the 384-ft sub-
level inaccessible because of water. Other areas in the mine near the
Madonna Fault were anomalously radioactive and contained uranium (App. C,
Occurrence 98). Uranium enrichment in the Madonna Mine seems to be confined

to the Paleozoic sedimentary rocks along the Madonna Fault zone.

In the vicinity of the Little Jimie No. 5 Mine in the eastern part of the
subarea, there are two uranium occurrences along a fault system that hosts
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minor hydrothermal base-metal veins. The fault is solely in Precambrian meta-

morphic rocks. The absence of Paleozoic sedimentary rocks along the fault

tends to restrict the width of the fault zone (and the uranium-mineralized

area) because the Precambrian rocks are less brittle and do not fracture as

well as sedimentary rocks.

Fluids associated with the hydrothermal environment around the southern

margin of the Mount Princeton batholith probably carried uranium from the in-

trusion to favorable structural sites (faults) in the Monarch-Garfield area

where uranium was deposited.

Remainder of Area B. Although the remainder of Area B contains many
fault and fracture zones that have the same favorable structural setting as

the subareas having uranium occurrences, many of the zones remain unmapped or
are unrecognized in the rugged terrain where outcrops are often covered by

heavy vegetation or glacial material. Several known fault systems in the re-
mainder of Area B were checked for anomalous radioactivity. The northeast-

trending Crookton reverse fault in the extreme southern part of Area B has
been the site of some uranium exploration since the 1950's. We found no sig-
nificant uranium occurrences along the surface extent of the fault; however,
uranium could be present at depth. The fault has most of the favorable char-
acteristics for hosting vein-type hydrothermal uranium deposits.

The surface of most of Area B is administered by the U.S. Forest Service;
on those forest lands all minerals are federally owned. Many patented mining

claims are scattered in the several mining districts, mostly in the eastern
part of Area B. Scattered parcels of state land and private land, mainly in
the valleys, are also in Area B. Along Taylor River and Reservoir and other
scattered places in Area B are several protective withdrawals.

Area C. Cochetopa Uranium District

The Cochetopa district in the south-central part of the Montrose
Quadrangle is centered around the canyon of Cochetopa Creek southeast of
Gunnison. The district lies in the eastern part of the Gunnison Uplift near
the northern edge of the San Juan volcanic field (Fig. 2).

A general geologic map of the district is shown on Plate le. The north-

ern portion lies in the southern part of the Gunnison gold belt, where meta-
sedimentary and metavolcanic rocks and several granitic plutons comprise the

Precambrian X rocks. The metasedimentary rocks of greenschist to lower amphib-
olite facies consist of schist, phyllite, and quartzite; the metavolcanic

rocks consist of metabasalt, meta-andesite, amphibolite, and metamorphosed
tuffs and rhyolites. Plutonic rocks consist of quartz diorite and quartz mon-

zonite in the northwest part of the district, and the weakly gneissic quartz
monzonite of Cochetopa Creek in the south-central part of the district.

The Cochetopa district was a positive area throughout the Paleozoic and

the first half of the Mesozoic Eras. A relatively smooth, planar erosion
surface developed by Late Jurassic time. Upon this erosion surface the
Junction Creek Sandstone and Morrison Formation, both of Late Jurassic age,
and the Dakota Sandstone and Mancos Shale of Cretaceous age were deposited.
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Laramide deformation and ensuing erosion formed a terrain of moderate re-
lief by early Oligocene time. The drainage across this area was chiefly to
the north and was dominated by the ancestral valley of Cochetopa Creek, which
was located slightly east of its present position (Olson, 1976c). Later in
Oligocene time, volcanism from the calderas of the San Juan volcanic field
blanketed the new erosional surface with flows and breccias of intermediate,

and later more silicic, composition. The adjacent Cochetopa Park caldera to
the south was the eruptive source for some of the ash flows in the district.
Several small rhyolitic intrusions, also of Oligocene age, cut the older flows
in the southern and eastern portions of the district.

Normal faults of Laramide to mid-Tertiary age are the major structural
features in the district. They have a predominate eastward trend and are

usually in zones up to 200 m wide in which brecciation, fracturing, and hydro-
thermal alteration are characteristic. The principal faults are the Los Ochos
and the Cochetopa, in the central and southern parts of the district, respec-

tively (P1. le). The Cochetopa Fault is considered to be younger than the Los
Ochos Fault because it displaces volcanic rocks of Oligocene age. The faults

in the southern part of the district are downthrown to the south and probably
reflect subsidence along the north margin of the Cochetopa Park caldera. Dis-
placement along the faults is relatively small; the Los Ochos Fault has a dis-
placement of 35 to 45 m.

Uranium was discovered in the Cochetopa district in 1954 along the Los
Ochos Fault at what-soon became the Thornburg Mine. Between 1954 and the end
of production in the district about 1962, the Thornburg Mine and several other

minor workings along the Los Ochos Fault (App. C, Occurrences 112 through 116)
produced almost 1.4 million lb U308  at an average grade of about 0.15%
U308 . Although many other areas have been prospected in the district, the
only other known production was less than 100 lb U308  from the La Rue
Claims (App. Al, Occurrence 126) along a branch of the Cochetopa Fault.

The mapped fault zones and about 2% of the remaining area within the re-

gion outlined on Plate le are favorable for uranium deposits to depths of as

much as 300 m (1,000 ft). Width of the favorable area along the fault zones
is 200 m where the zones mark the contact between Precambrian and Mesozoic

rocks or are solely in Mesozoic rocks. Width of the favorable area along
faults is 50 m where the faults cut solely Precambrian rocks. Faults that cut

solely Precambrian rocks are favorable to a depth of 200 m. Faults affecting
sedimentary rocks are favorable to a depth of 300 m; this greater depth

amounts to an additional 100-m average favorable thickness for the sedimentary

rocks in the district.

The fault zones represent a favorable area of about 15.3 km 2, and the

volume favorable is approximately 4.37 km3. The remaining region outlined
adjacent to the faults contains a favorable area of about 2.5 km 2, and the

volume favorable is about 0.75 km3. The area of the region outlined on
Plate le is about 141 km2. The total area favorable in the region outlined
in the Cochetopa district is about 17.8 km 2, and the total volume favorable

is about 5.1 km3.

A 200-m width was chosen for the favorable area along the mapped faults

that mark the contact between Precambrian and sedimentary rocks or cut solely
sedimentary rocks, because this zone contains the extent of known uranium
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enrichment. The Los Ochos Fault zone in the Los Ochos Mine area was mined for

uranium over a width of 2 to 20 m. However, Olson (1976c) reported that tabu-

lar orebodies may extend as far as 150 m north of the fault into fractured

Junction Creek Sandstone. We observed uranium enrichment up to 100 m away

from an unnamed normal fault in the Mercury Mine area in the southern portion
of the district (App. C, Occurrence 122).

The width of the favorable area along faults that cut solely Precambrian

rocks was chosen as 50 m because of the more restricted uranium enrichment we
observed in Precambrian rocks at several places within the district. Anoma-
lous radioactivity and the area of past drilling activity are confined to an
approximately 50-m-wide zone along the fault at the Do Dah Claims (App. C,
Occurrence 110).

A 200-m depth was estimated for favorability along the fault zones that
are solely in Precambrian rocks; this is somewhat deeper than exploratory
drill-hole depths in Precambrian rocks in the area of the Do Dah Claims.
Faults that cut both Precambrian and sedimentary rocks are favorable to an es-

timated depth of 300 m; this figure represents the average favorable thickness
of the sedimentary rock sequence (about 100 m) added to the favorable depth of
200 m for faults in solely Precambrian rocks.

An estimated 2% of the region (outside the mapped fault zones) outlined
on Plate le is favorable for uranium deposits to a depth of 300 m. This 2%
figure accounts for the possibility of additional (unmapped) mineralized areas
that may occur in fault and fracture zones in Precambrian and/or sedimentary
rocks.

Uranium concentration in the district occurs along brecciated and frac-
tured normal fault zones, chiefly in the Junction Creek Sandstone and Morrison
Formation, and to a lesser extent in the Dakota Sandstone and Precambrian X

metamorphic rocks. The width and intensity of uranium enrichment were con-

trolled chiefly by the degree of brecciation and fracturing (increased perme-
ability) imposed upon the wall rocks by the faulting. Splits and intersections

of faults increase the enrichment width, as in the Los Ochos Mine area (Malan
and Ranspot, 1959).

The Junction Creek Sandstone, a fine- to medium-grained eolian quartzose

sandstone, is often silicified and quartzitic along fault zones. Silicifica-
tion produced a more brittle rock and enhanced its tendency to fracture and

brecciate. Thin beds of brittle sandstone and siltstone in the lower part of

the Morrison Formation together with the well-cemented, quartzitic, medium- to

coarse-grained sandstone of the Dakota also formed breccia along the fault
zones. Precambrian rocks host smaller amounts of uranium along faults because

these rocks have been argillized, and an abundance of clay alteration products
makes them less brittle and less susceptible to brecciation. Furthermore, the
development of argillic alteration in Precambrian rocks restricted fluid
transmissivity and deposition of uranium.

Hydrothermal alteration is well developed along fault zones in the
Cochetopa district. Sandstones near faults are intensely silicified, limonite
stained, and bleached; Precambrian rocks have been kaolinized, chloritized,
and sericitized. Alteration of the sandstones and siltstones allowed them to
fracture more easily and thus enhanced their receptiveness to hydrothermal
solutions.
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The most common ore mineral in the district is the primary uranium miner-
al uraninite, which is fine grained and occurs in veinlets with marcasite and
clay minerals. Uraninite is also found as finely disseminated grains along
fractures and in quartz gangue. Malan and Ranspot (1959) reported that in
places in the Los Ochos Mine pitchblende (uraninite) forms as coatings on
grains of marcasite. Brannerite(?) was tentatively identified by petrographic
analysis (App. D) in mineralized samples we collected at the La Rue Claims
(P1. le) and at an unnamed prospect (App. Al, Occurrence 121) east of the
Mercury Mine area.

Secondary uranium minerals occur as grain coatings and fill vugs and
fractures at mineralized exposures along faults in the district. Uranophane
and autunite are the most common secondary minerals; they occur along the Los
Ochos Fault and were observed by the authors in the Mercury Mine area and at

the La Rue Claims (uranophane). Malan and Ranspot (1959) reported that urano-
pilite, sparse zippeite, and johannite formed in the underground workings of
the Los Ochos Mine. They also found minor amounts of torbernite and uranifer-
ous asphaltite (none was observed by the authors) at the La Rue Claims.

Significant associated elements that are enriched at one or more uranium

occurrences in the district are lead, zinc, molybdenum, cobalt, iron, stron-
tium, arsenic, nickel, copper, silver, vanadium, thorium, tungsten, niobium,
titanium, chromium, and rare earths (yttrium and lanthanum). Uranium occur-
rences 118 through 126 in the southern part of the district are all enriched
in chromium, titanium, and tungsten. High concentrations of these three ele-
ments occur in the numerous pegmatites in the quartz monzonite pluton of
Cochetopa Creek that underlies this part of the district. Epigenetic marca-
site is associated with uranium along the Los Ochos Fault at the Los Ochos

Mine. Gangue material along the faults in the district is typically chalced-

ony, barite, clay minerals, and quartz.

Uranium from occurrences in the district is usually in radiometric equi-
librium or is slightly in favor of chemical U308. Malan and Ranspot (1959)
reported that samples from underground workings in the Los Ochos Mine are out

of equilibrium in favor of chemical TJ308 by 20% to 30%. The thorium-to-
uranium ratio was much less than unity for most samples we took at uranium

occurrences. Samples from fault zones in Precambrian rocks on the TOP Claim
group (App. C, Occurrences 124 and 125) had a thorium-to-uranium ratio greater

than 10. A sample from the same fault system in the Mercury Mine area
(Occurrence 123) had a thorium-to-uranium ratio greater than unity. These

high ratios may indicate a zone of thorium enrichment in the southern part of
the Cochetopa district.

HSSR data for water and sediment samples from the Cochetopa district in-

dicate no anomalously high values of uranium (Broxton and others, 1979). A
statistical analysis of stream-sediment sample data by the BFEC Data
Integration Group shows two single-grid cell anomalies in the southern and
eastern portions of the district on multiple-step-regression residual and
thorium-to-uranium ratio maps. The mined area along the Los Ochos Fault was
the only part of the Cochetopa district indicated by uranium anomalies in the

aerial gamma-ray and magnetic survey for the quadrangle (geoMetrics, Inc.,
1979).
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The degree of fracturing and brecciation in the normal-fault zones was

the main ore control for magmatic-hydrothermal uranium deposits in the

Cochetopa district. Although well-developed patterns of hydrothermal altera-

tion are present at most of the uranium occurrences, it is difficult to relate

the alteration to a mid-Tertiary intrusive source of hydrothermal solutions.
The nearest intrusive body is a small rhyolite plug which was emplaced in a
fault zone just east of the Mercury Mine (P1. le); a sample (MFT 281) of the
rhyolite had only 8 ppm U308. Prosser Rock, a rhyolite plug, is the in-

trusion nearest (about 5 km to the southeast) the mines along the Los Ochos
Fault; a sample (MFT 293) of the rhyolite had only 3 ppm U308. Other lar-
ger intrusive bodies which may have been a source of uranium underlie Razor
Creek Dome to the east and form Cochetopa Dome to the south.

Uranium enrichment in the Cochetopa district may have been a combination

of hypogene and supergene processes. When the Oligocene erosion surface was
covered by volcanic rocks, uranium could have been leached from tuffs by
ground water which percolated downward to low points on the Oligocene surface.
Uranium may then have been deposited below the erosion surface in fault zones
that contained sulfide reductants (Olson, 1976c).

The surface of most of the Cochetopa district is administered by the
Bureau of Land Management; a small area in the southwest portion of the dis-

trict is managed by the U.S. Forest Service. In most instances, all minerals
on these lands are federally owned. Scattered parcels of privately owned sur-
face occur in the northwest portion of the district. A few patented mining
claims are around old mines in the Gunnison gold belt. Several mining compa-
nies have active claims in most of the district.

Area D. Northeast Part of the Bonanza Mining District

The Bonanza mining district, centered around the village of Bonanza, is

in the southeast part of the quadrangle in Saguache County. The district is
in the extreme northeastern part of the San Juan volcanic field. The San Luis
Valley (part of the Rio Grande rift zone) and the Sangre de Cristo Mountains
lie just to the east.

The district is in the Bonanza caldera of Oligocene age. Volcanic rocks

from the caldera consist of approximately 1400 m of andesitic to latitic flows

and flow breccias which were deposited on Precambrian X basement rocks and on
faulted, synclinal remnants of Paleozoic sedimentary rocks. Two late-stage
rhyolitic intrusive bodies occur just outside of Area D along the northern and

eastern margins of the caldera; these bodies are represented by the Porphyry
Peak Rhyolite and the Spring Creek Rhyolite, respectively.

Area D (Pl. if) is near the head of Rawley Gulch in the northeast part of
the Bonanza district. The area contains many normal and reverse faults that
probably formed during caldera collapse. More than 200 faults were reported
by Burbank (1932) in underground workings in the northern part of the dis-
trict.

Two periods of faulting and mineralization are identifiable in the favor-
able area outlined on Plate if. Included are parts of the north-trending
Rawley and Michigan Faults, which are hosts for vein deposits. The younger,

27



east-trending Paragon Fault cuts both the older Rawley and Michigan Faults and
their associated veins. Burbank (1932) described the Paragon Fault as having
about 1,000 ft (300 m) of displacement; the fault zone is at least 50 ft (15
m) wide and associated fracturing extends to a much greater width. All the
fault systems and the entire favorable area are in Oligocene Rawley Andesite.

Hydrothermal veins contain base-metal deposits along fault and fracture
zones in Area D. The veins, chiefly composed of quartz, are enriched in lead,
zinc, copper, and silver. The Rawley vein was the most productive in the dis-

trict.

Uranium enrichment was reported by Pierson and others (1958) on the dumps
of the Rawley and Whale Mines (P1. If). Ranspot (1955a) had earlier found
pitchblende in the main drift of the Whale Mine in the Michigan vein. The
pitchblende was apparently localized by the intersection of the Michigan vein
with a minor fault in the back of the drift.

Uranium occurrences (App. Al, Occurrences 143 through 145) were found by
the authors in 1979 on the dumps of the Rawley and Whale Mines and around an
old shaft southeast of the Whale Mine. The workings at all the mines are pres-
ently inaccessible. Our samples (MFT 273, 274, and 389) from these three ura-
nium occurrences contained from 1,000 to 5,000 ppm U308. Uraninite was
identified from these samples and occurs as pseudorhombohedral grains, as in-
clusions in tetrahedrite, and at grain margins of barite or covellite (App.
D). Uranium-enriched areas are probably spotty along the faults, judging from
the sporadic occurrence of radioactive material on the mine dumps. The ura-
nium in the Rawley vein may also be localized by minor fault intersections
with the main vein system.

Favorable Area D contains about 0.60 km2 and is favorable for uranium
deposits to a depth of 300 m (1,000 ft). The volume favorable is about 0.18
km.

The boundary of favorable Area D encompasses the Rawley and Michigan vein

systems from the Antoro shaft at the north past the Whale shaft at the south.
This area includes the uranium occurrences and favorable fault zones in a

width of about 300 m. The 300-m depth was estimated for favorability in Area
D because 300 m is about the depth of workings at the Rawley Mine, and nearly

that of exploratory drill holes along faults in favorable Areas A, B, and C.

The Rawley and Michigan Faults and vein systems and part of the Paragon
Fault (and vein system) appear to be the only structures in the district that
are of sufficient size to contain uranium concentrations that would meet size
and grade criteria for favorability. The faults and fractures in Area D prob-
ably formed during caldera collapse. The intrusion of late-stage rhyolite
bodies around the margins of the caldera may have provided the hydrothermal
fluids containing uranium and base metals that formed vein systems along
faults.

Area D is situated entirely on patented mining claims, as is most of the

Bonanza district.
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Area E. Area North of the Blowout near Ouray

Area E is located in the southwest part of the quadrangle just northeast
of the town of Ouray. The area is in the northwestern part of the San Juan
volcanic field and near the northeastern edge of the Paradox Basin.

Paleozoic and Mesozoic sedimentary rocks, which are exposed on the steep

slopes of the Uncompahgre River valley north of Ouray, are the predominant
rocks in Area E. During the Laramide orogeny the sedimentary rocks were in-
truded by a stock of granodiorite porphyry known as the Blowout. Laccolithic
domes of granodiorite from the main stock intrude the Cretaceous Dakota
Sandstone and Mancos Shale for approximately .2 km north of the Blowout. Many

clastic dikes that occupy east-trending fracture zones are related to the
granodiorite intrusions (Luedke and Burbank, 1962). Tuffs of the Oligocene
San Juan Formation overlie the Cretaceous sedimentary and Laramide intrusive
rocks. These general geologic relations are shown on Plate 1g.

Area E is on the east side of the Uncompahgre River valley north of the
Blowout. Favorability is confined to an approximately 5-m-thick zone near the
contact of the Entrada Sandstone and the overlying Pony Express Limestone

Member of the Wanakah Formation, both of Jurassic age. The western edge of
the favorable area is the outcrop of the contact between the Entrada and Pony

Express; the eastern boundary of the area is an estimated subsurface extent
(500 to 600 m east of the outcrop) of the favorable contact zone. Area E ex-

tends from the vicinity of the Wanakah Mine northward to the Pony Express

Mine. The area favorable is about 1.3 km2 and the volume favorable is ap-
proximately 0.006 km3 .

Uranium is associated with base-metal vein and tabular orebodies which
are related to the Blowout intrusion. Intrusion of the Blowout intensively

altered the adjacent sedimentary country rocks and produced a zoned pattern of
ore types. The ore types, outward from the Blowout, are magnetite-pyrite ores

with a little copper and gold; pyritic ores containing copper and gold; py-
ritic base-metal ores containing native gold, with gold and silver tellurides;

and siliceous and baritic ores containing silver, lead, and zinc (Luedke and
Burbank, 1962). The uranium occurrences in Area E are chiefly in the pyritic

ores and pyritic base-metal ores in zones of intermediate distance from the

Blowout.

Uranium occurs in Area E along faults or fractures near the contact be-

tween the Entrada Sandstone and the Pony Express Limestone Member of the
Wanakah Formation. Uranium in the area was first described by Burbank and

Pierson (1953); they reported that the Pony Express Mine (which produced sil-
ver and lead-zinc ores) contained weak uranium enrichment in black carbona-

ceous shales in the Pony Express Limestone. We found some minor amounts of
uranium in black shale that had been baked along a vein-clastic-dike system at

the Pony Express Mine (App. C, Occurrence 10).

Anomalously high radioactivity was found on the dump of the Sieberg Mine
(a gold and silver producer); a check of the open mine workings determined

that the source of radioactivity was a vein along a minor fault near the top
of the Entrada Sandstone (App. C, Occurrence 11). A sample from the 1-m-wide
fault zone contained 3,600 ppm U308. Uraninite which replaced pyrite,
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sphalerite, and covellite was identified in the sample (App. D, MFT 052). The
fault was across the end of one drift in the mine and could not be followed
for more than 5 m.

We found a third uranium occurrence in Area E at the Wanakah Mine (App.
C, Occurrence 12). The Wanakah Mine is close to the Blowout and in an in-
tensely altered zone that has pyritic ores containing gold and copper enrich-
ment. A small radioactive zone was found in the mine workings in pyrite-rich
rock along a minor fracture(?) system. A sample (MFT 053) from vein material
in the fracture contained 320 ppm U308. The radioactive zone was just

above the base of the Pony Express Limestone Member.

The main ore controls for the uranium occurrences in Area E are the
stratigraphic zone near the contact of the Entrada Sandstone and the Pony
Express Limestone, the proximity of the Blowout as the probable source of the
uranium, and the abundance of clastic dikes and fault and fracture zones

hosting sulfide minerals. No uranium occurrences were found along faults
higher in the sedimentary section in either the Morrison Formation or Dakota
Sandstone. The presence of reductants in carbonaceous shales near the base of
the Pony Express Limestone must have localized uranium deposition around that
horizon in the fault systems.

Area E is situated almost entirely on patented mining claims, as is most
of the mining area north of the Blowout.

SANDSTONE-TYPE URANIUM DEPOSITS

The five areas in the quadrangle that are favorable for uranium deposits
in sandstone are of the two peneconcordant subclasses (Subclasses Z43 and 244)

or the general sandstone class (240). Peneconcordant uranium deposits in sand-
stone are stratabound and do not exhibit the continuous, sharp boundary be-

tween altered and unaltered ground that is found in roll-type deposits (Austin
and D'Andrea, 1978). Peneconcordant deposits may or may not be channel-

controlled, and are divided into two subclasses by this criterion.

Non-Channel-Controlled Peneconcordant Uranium Deposits

Non-channel-controlled peneconcordant deposits (Subclass 244) resemble

those in the Uravan mineral belt of Colorado and Utah where channel control is
not too evident. The upper part of the Harding Sandstone contains a favorable

environment for this subclass of uranium deposits in three areas (P1. la,
Areas F, G, and H) in the east-central and southeast parts of the Montrose
Quadrangle.

The Middle Ordovician Harding Sandstone (in many places a quartzite) is
favorable because it exhibits characteristics for non-channel-controlled pene-

concordant uranium deposits. Chief among these favorable characteristics is
the lithology of the Harding: quartzose sandstone containing carbonaceous de-

bris and asphaltic pellets. The three areas favorable for peneconcordant ura-
nium deposits in the upper part of the Harding Sandstone are the Kerber Creek
area (P1. lh, Area F), the Marshall Pass area (P1. 1k, Area G), and the
Garfield area (P1. Ii, Area H). All three favorable areas together comprise
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about 114.6 km2 . An average favorable thickness is 1.5 m in the upper part
of the Harding; thus, the favorable volume is about 0.17 km3 .

The Harding Sandstone was deposited along the shoreline of a regressive

sea. This shallow sea occupied a structural low in the Transcontinental Arch
known as the Colorado Sag (Sweet, 1954). Several minor stages of Ordovician

uplift and erosion are represented by disconformities at the top and base of
the Harding. After deposition of the Fremont Limestone which overlies the
Harding, erosion reduced the extent of the Harding to scattered remnants in
the deeper parts of the Colorado Sag. Outcrops of Harding Sandstone in the
quadrangle now occur only in folded and faulted remnants of Paleozoic sedi-
mentary rocks along the flanks of the Sawatch Range.

The Harding Sandstone consists both of sandstone deposited in a barrier-
beach environment and of red-brown or bluish-black quartzite deposited in a
lagoonal environment. The quartzite contains local lenses of sandstone, cal-

careous sandstone, and shales. A "trashy," oxidized carbonaceous facies is
present in the upper 5 m of the Harding. This faces, which was probably de-
posited in a lagoon behind an offshore bar, is about 1.5 m thick and contains
fish plates, asphaltic pellets, and other organic debris. In outcrops of rem-
nant bodies from the Garfield area in the north to the Kerber Creek area in
the south (about 50 km), the lagoonal facies appears to be continuous and of

uniform thickness. A green-gray, reduced zone directly overlies the oxidized
trashy zone at most outcrops we observed.

The trashy facies occurs on a regional scale and contains low- to medium-
grade concentrations of uranium. The average uranium content is about 100 ppm
UJ3 08; locally higher concentrations exceed 1,000 ppm U3 08. Uranium en-

richment of such a regional extent may indicate a syngenetic (R. C. Malan,

DOE, written comm., 1978) or early epigenetic origin for the uranium.

Minor uranophane and autunite occur locally in the Harding Sandstone. No

uranium minerals were identified by SEM/EDS analysis in samples of the trashy
facies submitted to the BFEC Mineralogy and Petrology Laboratory. Uranium is

probably bound with organic material in the carbonaceous debris. In thin sec-
tion, the carbonaceous debris is commonly rimmed and cut by veinlets of chlo-

rite. Pyrite and chromite have also been identified in thin sections from
samples of the trashy facies. Some results of analyses of our samples from

the Harding Sandstone are shown in Table 1. Elements that are enriched and
may be associated with uranium in the trashy facies of the Harding are chro-

mium, copper, lanthanum, lead, molybdenum, silver, and yttrium.

The characteristics of the Harding and its uranium occurrences in the

three favorable areas (Areas F, G, and H) are discussed in the following sec-
tions.

Area F. Kerber Creek Area. The Kerber Creek area is in the southeast
part of the quadrangle near the south end of the the Sawatch Range. The area
is also near the northeastern edge of the San Juan volcanic field and west of
the northern San Luis Valley. The favorable area (P1. 1h) along Kerber Creek
extends west from the eastern boundary of the Montrose Quadrangle about 10 km
to the Little Kerber Creek drainage, and is bounded approximately by Noland
Gulch on the south and Kelly Creek on the north.
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TABLE 1. SELECTED RESULTS OF ANALYSES OF ROCK SAMPLES FROM
HARDING SANDSTONE I'7 FAVORABLE AREAS F, C, AND H

Uranium Significant Associated Elements (ppm)
Favorable Occurrence Sample cU3 08  eU eTh

Area Number Number (ppm) (ppm) (ppm) Ag Be Co Cr Cu La Mo Pb V Y Zr

F 149 MFT 246 200 - - - 5 - - - 100 15 700 - - -

F - MFT 247 7 - - - - - - - - 5 - - - -

F 150 MFT 243 200 - - - - - - 100 300 15 300 300 200 500

F 151 MFT 244 63 97 3 - - - - - - - - - - -

G 79 MFT 329* 1,800 2,000 4 - - - - - - 15 - - - -

G 129 MFT 328 330 250 8 - 7 30 - - 300 15 300 - 200 -

G 130 MFT 327 1,000 620 6 50 - - 200 - 200 30 300 - 150 -

H 99 MFT 312 84 71 6 - 7 - 1,500 100 70 70 200 - - 500

H 100 MFT 314 84 74 51 - - - - - - - - - - -

*Sample taken along Chester Fault at Little Indian No. 36 Mine.



The projected surface area of the favorable Harding Sandstone in Area F
is about 38.9 km2 . The fact that the Harding Sandstone is folded into syn-

clines in the subsurface is taken into consideration by adding about 25% to
the projected surface area; thus, the estimate is about 48.6 km2 for Area F.

The volume favorable is about 0.07 km3 for a favorable thickness of 1.5 m in
the Harding. Favorable Area F can be extended eastward into the Pueblo

Quadrangle along continuous outcrops of Harding Sandstone and in the subsur-

face.

Outcrops of the Harding Sandstone scattered throughout the Kerber Creek

area occur in synclinal remnants with other Paleozoic sedimentary rocks. The
general geology and the structures of Area F are shown on Plate lh. Paleozoic

sedimentary rocks in the area were folded, probably during the Laramide oroge-
ny, into synclines and anticlines having northwest-trending axes. Erosion has
since removed the Paleozoic rocks from the anticlines, leaving synclinal rem-
nants which are, in most places, bounded by faults against Precambrian rocks.
In the western part of Area F, most Paleozoic remnants and the Precambrian
rocks are covered by Oligocene flows and flow breccias from the Bonanza cal-

dera. The complex structural geology of the Kerber Creek area has been mapped
by Bridwell (1968); his mapping, cross sections, and structural interpre-
tations aided in our estimation of the area and volume favorable for the

Harding.

The boundary of favorable Area F follows the outcrop (where present) of

the upper part of the Harding Sandstone. In many places the boundary has been
inferred where the Harding is deeply buried or has been cut by faults.

Uranium occurrences in the Harding Sandstone were discovered in the

Kerber Creek area in the mid-1950's. Exploration at that time consisted of
shallow prospect pits, short adits, dozer trenches, and shallow drill holes.
Many claims in this area have recently been relocated. We examined three ura-
nium occurrences in Area F, one in the Little Kerber Creek area and two in the

Noland Gulch area.

Area F is characterized by three synclinal structures (P1. lh): the
Kerber and Clayton synclines, which are separated by the Central anticline,

and the smaller Noland syncline (Bridwell, 1968). A narrow belt of Paleozoic
sedimentary rocks on Brushy Pasture Hill crops out on the nose of the Central

anticline and connects the Kerber and Clayton synclinal Paleozoic remnants.
The entire area is cut by reverse, thrust, and tear faults. The few outcrop

areas of Harding Sandstone that exist are shown on Plate lh. The only outcrops
of Harding examined in detail in Area F were at the uranium occurrences at the

Little Kerber Creek and Noland Gulch localities.

The Little Kerber Creek locality is on the west flank of the Kerber syn-
cline. The Harding is exposed in a small inlier of Paleozoic sedimentary
rocks which are surrounded by Oligocene volcanic rocks and alluvium (Bridwell,
1968). Rocks exposed at the inlier dip to the northeast and probably continue

in the subsurface to the southwest flank of the Central anticline. Uranium
prospect pits on part of the Hot Claim group (App. C, Occurrence 149) expose a
3-m-thick sandstone bed in the upper part of the Harding. The radioactive
trashy zone in the upper Harding is exposed in the pits. A selected sample
from the 1-mi-thick trashy facies contained 200 ppm U308. A representative
sample (MFT 247) of the green-gray reduced zone overlying the oxidized trashy
zone contained only 7 ppm U308 .
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The Noland Gulch locality is in the Noland syncline (P1. lh) which con-
tains a remnant of pre-Pennsylvanian sedimentary rocks. The Noland syncline is
cut in its eastern part by north-trending tear faults. The Harding Sandstone
crops out around the entire synclinal remnant. The best Harding outcrop expo-
sures are in the eastern part of the syncline along the north-trending tear
faults. Here, dozer trenches, a short adit, and closely spaced drill holes
are present from earlier uranium exploration. Samples (MFT 243 and 244) from
the 1.5-m-thick trashy zone in the upper Harding were taken at the two uranium
occurrences (App. C, Occurrence 150 and 151) at this locality. The uranium
content of these samples is given in Table 1.

Other remnants of Harding Sandstone in the Kerber Creek area were checked

for anomalous radioactivity but were not sampled. From our surface radiomet-
ric reconnaissance of the area, the remaining Harding Sandstone outcrops pos-

sibly contain from 50 to 100 ppm U308 in the trashy facies.

The surface of Area F is about equally divided among the U.S. Forest
Service, the Bureau of Land Management, and private landowners. The private

land is chiefly along the valley of Kerber Creek. Many unpatented mining
claims and several patented claims are in the area.

Area G. Marshall Pass Area. The Marshall Pass favorable area (P1. 1k,
Area G) is on the west flank of the southern Sawatch Range, adjacent to the

northeast edge of the San Juan volcanic field. It extends westward from the
Chester Fault (Pl. ic) approximately 7 km, southward past Marshall Creek, and
northward just past the Gunnison-Sagauche County Line. The favorable area is
in the western part of the Marshall Pass uranium district. The projected sur-
face area of the favorable Harding Sandstone in Area G is about 42.0 km2.
The fact that the Harding is gently folded into anticlines and synclines in

the subsurface is taken into consideration by adding about 10% to the pro-
jected surface area; thus the estimate is about 46.2 km2 for Area G. The

volume favorable is about 0.07 km3 for a favorable thickness of 1.5 m in the
Harding.

The Harding Sandstone in Area G is in a folded, roughly circular remnant

of Paleozoic sedimentary rocks. The best exposures of the Harding are along
Indian Creek and its tributaries, and at the Little Indian No. 36 Mine in the

Chester Fault zone. Uranium in the Harding at the Little Indian No. 36 Mine
is associated with fracturing along the Chester Fault and is not restricted to

the trashy facies. The Harding is also exposed along the north-trending
Indian Creek anticline in the western part of the area and is present in the

subsurface to the east in the Indian Creek syncline (Ranspot, 1958).

Peneconcordant uranium occurrences in the Harding Sandstone away from the

Chester Fault zone are in the Indian Creek area at three locations: the Apache
No. 4 Claim (prospects), the Big Indian Claim group, and the Little Indian No.
6 Claim. These occurrences were discovered in 1955 during initial exploration

of the district.

The workings at the Apache No. 4 Claim consist of many drill holes and
several prospects. R. C. Malan (DOE, written comm., 1978) reported that, Ln
about 40 drill holes on the property, the average grade of a 4- to 5-ft-
(1.5-in) thick zone in the Harding was 150 ppm U308. A selected sample (MET
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327) that we took from an outcrop of the upper Harding on this property con-
tained 1,000 ppm U308 (App. C, Occurrence 130).

A short adit into the upper Harding Sandstone on the old Big Indian Claim
group exposed a 1-m-thick radioactive zone. A sample from this zone had 330
ppm U308 (App. C, Occurrence 129), which is probably a good average value
for uranium content of the upper Harding in the Indian Creek area.

Drill-hole information from the Little Indian No. 6 Claim (App. C,
Occurrence 131) shows that a 4.5-ft (1.5-m) interval in the trashy facies of
the Harding had 1,400 ppm U308 (Ranspot, 1958). Offset drilling on 100-ft

(30-m) centers reportedly encountered somewhat lower values of uranium.

The average uranium content of the mineralized zone in the Harding ranges
from 100 to 300 ppm U308 in the district (Olson, 1979). This is somewhat
higher than the uranium content of the upper Harding in the Kerber Creek or
the Garfield areas. The relation of the Chester Fault system and its associ-
ated hydrothermal uranium enrichment to the Harding Sandstone occurrences to
the west is unknown. No evidence of hydrothermal enrichment is seen at ura-
nium occurrences in the Indian Creek area, but it seems possible that the
Chester Fault may somehow be related to the higher concentration of uranium in
the Harding in this area.

The surface of most of Area G is administered by the U.S. Forest Service;
on those lands all minerals are federally owned. Homestake Mining Company has
active mining claims over the eastern part of the favorable area, and has re-

cently patented several claims along the Chester Fault that cover the proposed
open-pit mine and mill site for their Pitch Project. Some private and state-
owned lands are in the southwest part of the area along Marshall Creek.

Area H. Garfield Area. Area H is in the east-central portion of the
quadrangle around the village of Garfield, on the east flank of the Sawatch
Range. The area (P1. 1i) is bounded on the north chiefly by the Mount
Princeton batholith, on the south by outcrops of the Harding Sandstone and by
the Madonna Fault, and on the west by the Lake Fault; the eastern boundary is

near the old Garfield limestone quarry.

The projected surface area of the favorable Harding Sandstone in Area H
is about 13.2 km2. Because the Harding is steeply folded into a syncline in
the subsurface, about 50% is added to the projected surface area; thus, the
total for Area H is about 19.8 km2 . The volume favorable is approximately
0.03 km3 for a favorable thickness of 1.5 m in the Harding.

General structural features and outcrops of Harding Sandstone are shown
on Plate Ii. The Harding in the Garfield area is in a faulted and steeply
folded synclinal remnant of Paleozoic sedimentary rocks. This remnant is
bounded by granitic rocks of Precambrian X age, except to the north where
quartz monzonite of the Oligocene Mount Princeton batholith has intruded.
Steeply dipping to vertical outcrops of Harding are exposed along the southern
and eastern margins of the syncline.

The Harding Sandstone was examined at three outcrop localities in Area H:
an outcrop approximately 0.8 km east of Garfield (App. Al, Occurrence 99), an
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outcrop on a ridge top about 1.6 km southeast of Garfield (App. Al, Occurrence
100), and an outcrop on Monarch Ridge east of the Madonna Mine.

East of Garfield near the old limestone quarry the Harding outcrop dips
very steeply. It is highly silicified and iron stained and has a radioactive
trashy zone about 1 m thick. A sample (MFT 312) from the trashy facies had 84
ppm U308. Analysis of this sample by the BFEC Mineralogy and Petrology
Laboratory (App. D) indicated that the trashy facies was very similar to that
in the Kerber Creek area, except that in sample MFT 312 some of the carbona-
ceous material had been replaced by secondary quartz, and pyrite was also
present.

A Harding outcrop southeast of Garfield had a radioactive trashy zone
about 1 m thick. Sample MFT 314 from this zone also had 84 ppm U3 08 , and
contained a high amount of thorium (Table 1).

An outcrop of Harding Sandstone on Monarch Ridge had only slightly anoma-
lous radioactivity; thus, some of the uranium in the Harding may have been re-
moved around areas of base-metal deposits, as at the nearby Madonna Mine.

In the Garfield area, the uranium content of the Harding is lower in sur-
face exposures of the trashy facies than in Areas F and G. Uranium may have
been lost during silicification produced by a hydrothermal process. The con-
centrations of radiometric uranium are slightly lower than the chemical ura-
nium content of surface samples; thus, no appreciable amount of uranium
appears to have been leached from the outcrops to concentrate in the subsur-
face. Our examination of the Harding indicated that the trashy facies is not
developed as well in this area as in areas to the south.

The surface of more than half of Area H is administered by the U.S.
Forest Service; all minerals are federally owned on those forest lands. Many
patented mining claims are in the area of the Monarch limestone quarry and
Taylor Gulch, north of Garfield. The Garfield townsite and several areas of
protective withdrawals are in the valley of the South Arkansas River.

Channel-Controlled Peneconcordant Uranium Deposits (Area I)

Channel-controlled peneconcordant uranium deposits (Subclass 243) are
hosted by distinct, easily recognized channels. In the north-central part of

the Montrose Quadrangle the lower part of the Wasatch Formation, and possibly
the upper part of the Ohio Creek Formation, contain a favorable environment
for this subclass.

A small area (Area I) in part of the Ruby-Irwin mining district west of
Crested Butte is underlain by the lower part of the Wasatch Formation. This
area is favorable for uranium deposits of the channel-controlled peneconcor-
dant subclass (243) because its observed and analytical characteristics match

the recognition criteria for the subclass. Chief among these favorable char-
acteristics are the fluvial depositional environment of the Wasatch and the
presence of small channels that contain carbonaceous material and pyrite.
This favorable environment may also extend into the upper part of the under-
lying Ohio Creek Formation.
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Area I, outlined on Plate 1k, is about 18.4 km2. Approximately 70% of

Area I, or about 12.8 km 2 , is underlain by the favorable formations. The

volume favorable is about 0.6 km3 for a 50-m thickness.

The favorable area lies near the southern end of the Ruby Range (Fig. 2)

and contains much of the old Ruby-Irwin base- and precious-metal mining dis-

trict. The uranium occurrences in the vicinity of Ruby-Anthracite Creek and

at the Standard Mine are included in the favorable area. The Ruby-Anthracite

Creek occurrences (App. C, Occurrences 36 through 38) are in small fluvial
channel scours in the lower part of the Wasatch Formation. The occurrence at

the Standard Mine (App. C, Occurrence 40), in a setting complicated by fault-

ing and intrusions related to the Redwell Basin complex to the east, is in the

upper part of the Ohio Creek Formation or the lower part of the Wasatch.

Some of the favorable-area boundary is placed near the outcrop contact of
the Ohio Creek and Wasatch Formations; the remainder of the boundary is drawn

to include the favorable stratigraphic interval, but not the nearby intrusions

of the Ruby Range. Some quartz monzonite porphyry sills and dikes are within
the outlined area; for this reason, 70% of the area is judged to be underlain
by the favorable interval. A 50-m interval that includes the lower part of

the Wasatch Formation and the upper part of the Ohio Creek Formation was

chosen as the favorable thickness.

The Ohio Creek and Wasatch Formations, of Paleocene and Eocene ages re-

spectively, formed in the Piceance Basin from sediments shed to the northwest
from the rising Sawatch Range. The Ohio Creek, the thinner formation, con-

tains more conglomerates and coarse materials and probably represents a lag
concentrate of sediments that moved across the basin to depositional sites

farther north (Tweto, 1975). The thicker Wasatch, the main orogenic unit,

consists of arkosic sandstones, conglomerates, and siltstones; abundant vol-

canic debris occurs in the lower part of the Wasatch. These formations were
deposited near the southeast margin of the Piceance Basin in an environment

transitional between an alluvial fan and a fluvial flood plain.

Sills of quartz monzonite porphyry related to the Oligocene stocks in the
Ruby Range have locally baked the Wasatch and Ohio Creek sediments in the

area. The sediments in the eastern part of the area are in the outer propyl-
itic alteration zone related to the Oligocene(?) intrusion of a rhyolite por-

phyry stock at Redwell Basin. Faulting related to the latter intrusion has

also disturbed the sediments in the eastern part of the area.

Uranium enrichment at the Ruby-Anthracite Creek occurrences is in iron-

stained, fine- to medium-grained sandstone that contains a moderate amount of
carbonaceous material and minor pyrite along bedding. Outcrops along the

creek show several small channels in the lower Wasatch; most of the Wasatch is
light red and oxidized in this area and the small channels contain coarser and

thicker, tan sandstones. The Ohio Creek Formation is not exposed in this area.

Three samples (MFT 224, 225, and 251) were taken from small channels that
had anomalously high radioactivity. Chemical uranium content of the samples

ranged from 64 to 350 ppm and all were slightly out of radiometric equilibrium
in favor of chemical uranium. The sample containing the highest uranium value
(MFT 251) was taken inside a short (4-m) adit that followed one of the small
channels. No primary or secondary uranium minerals were observed from the
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samples or outcrops. Other elements that showed some enrichment in our samples
were antimony, arsenic, beryllium, molybdenum, niobium, vanadium, and zinc;
thorium content was very low.

The uranium occurrence at the Standard Mine (a past producer of lead,
zinc, and silver) was found in several pieces of highly radioactive dump ma-

terial. The radioactive material was gray, fine-grained sandstone with clay
and carbonaceous clasts, probably from a fluvial channel. The specific origin
of these rocks within the mine is unknown and could not be determined because
the mine portal has collapsed. Geologic mapping of the area by Gaskill and

others (1967) shows the Standard Mine to be in the upper part of the Ohio
Creek Formation. However, faults in the area and the unknown extent of the

mine workings may possibly permit a location in the lower Wasatch Formation
for the radioactive material.

Chemical uranium content of the sampled radioactive material (MFT 267)

was 5,900 ppm, about 25% in excess of radiometric uranium. Analysis by the
BFEC Mineralogy and Petrology Laboratory (App. D) confirmed that uranium is

associated with carbonaceous material that composes about 2% of the rock;
specific uranium minerals were not identified. Other minerals identified in

the sample were pyrite, argentiferous galena, sphalerite, chalcopyrite, and
pyrrhotite. Feldspars in the rock had slightly argillic alteration. Chemical

analysis of the sample showed enrichment in antimony, arsenic, beryllium,
lead, molybdenum, niobium, silver, tungsten, vanadium, and zinc; thorium con-

tent was very low. A sample of water draining from the mine adit yielded only
1 ppb U308 .

HSSR data for the area did not indicate anomalous uranium in water and

sediment samples. No anomalies were indicated in the area by the airborne

gamma-ray and magnetic survey for the quadrangle.

Carbonaceous material in channel scours was the major ore control for

uranium concentration in this area. Abundant volcanic material in mudstones
of the lower part of the Wasatch was a probable source of uranium which, fol-

lowing devitrification, was released to circulating ground waters. The scat-
tered small channels and their contained carbonaceous material in the lower

Wasatch and upper Ohio Creek Formations offered a reducing environment for
early epigenetic deposition of uranium from ground waters. Base-metal enrich-

ment during the Oligocene (as at the Standard Mine) seems to have had little
effect on uranium that was deposited earlier. Uranium was possibly removed by

metamorphic processes in areas closer to the Redwell Basin intrusive complex.

The surface and minerals of about 80% of Area I are administered by the
U.S. Forest Service. A protective withdrawal exists around Lake Irwin. The

remainder of the area consists of numerous patented mining claims and the old
townsite of Irwin. Many active mining claims are in the northern and eastern

parts of the area; some of the eastern portion lies on claims of the AMAX,
Inc., Mt. Emmons Project to develop a molybdenum mine. The Standard Mine is

mostly on patented mining claims owned by Standard Metals of Silverton,

Colorado.
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General Sandstone-Type Uranium Deposits (Area J)

In the extreme southwest corner of the quadrangle, a small area that is
underlain by a part of the roscoelite belt in the upper Entrada Sandstone is
favorable for uranium deposits of the general sandstone class (240). This

area (P1. 1k) is favorable because its observed and analytical characteristics

show that uranium enrichment has occurred and that the host for the uranium is

the sandstone. Favorable Area J is about 2.6 km2 and has a favorable volume

of approximately 0.003 km3 for a 1-m thickness.

The unusual and somewhat unique characteristics of the uranium deposits

in the roscoelite belt do not fit most of the criteria for any of the sand-
stone subclasses; therefore, we have included the deposits in the general
class of sandstone. Uranium deposits in the roscoelite belt are associated

with and subsidiary to vanadium concentration. Roscoelite is a vanadium hydro-
mica and is the principal ore mineral in the deposits. Carnotite is the only
secondary uranium mineral common in the deposits; no primary uranium minerals
have been recognized (Fischer, 1968). The vanadium-uranium concentration is

generally in a thin (10 to 15 cm), continuous wavy layer in the upper 8 m of
the Entrada; however, this layer increases into tabular orebodies 1 to 6 m
thick that are irregularly scattered within the belt (Fischer, 1968).

Most of the boundary of the favorable area on Plate la follows the bound-
ary of the small eastern vanadium belt shown by Fischer (1968). The Entrada
outcrop forms a small part of the favorable area boundary in the canyon of an
unnamed tributary of the San Miguel River (P1. 1k). This eastern belt, whose

limits are not well defined, is separate from the longer western roscoelite
belt near Placerville. The favorable part of the Entrada in Area J ranges in
depth from 0 to about 500 m along the northeastern edge of the area. A thick-
ness of 1 m was chosen for the favorable area, as this would probably repre-
sent an average if the orebodies were uniformly spread over the area.

The Upper Jurassic Entrada Sandstone is 12 to 22 m thick in the area. The
lower part is massively cross-bedded and the upper part (2 to 6 m), which con-
tains the vanadium-uranium zone, is thinly and evenly bedded. The formation
was deposited as onshore eolian dune sands overlain by waterlaid sands. The

Entrada is conformably overlain by the Pony Express Limestone Member of the
Wanakah Formation, which is thin bedded and has a petroliferous odor when bro-
ken. The Pony Express probably was deposited in a sabkha environment, and its
depositional edge is 3 to 5 km west of the favorable area.

Roscoelite occurs as minute flakes coating the sand grains and filling

the pore spaces between grains (Bush and Bryner, 1953). Minor amounts of mon-
trosette occur in high-grade vanadium ore. These minerals give a green-gray

color to the sandstone, and the color darkens as the vanadium content in-
creases (Fischer, 1968). Uranium (carnotite) is adsorbed in the vanadium min-
erals and clays.

The vanadium-uranium layer is usually too thin to be mined, but where it
does abruptly thicken (for no obvious geologic reason) along the outcrop, it
has been mined. The orebodies typically contained 1.5% to 3.0% V205 and
400 to 900 ppm U308 (Bush and Bryner, 1953). The Jo Dandy Mine, just south
of the Montrose Quadrangle boundary, contains visible carnotite; a sample
(MFT 055) of the mineralized layer contained 170 ppm U308 and 9,000 ppm
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V2 05 . The Jo Dandy Mine was included as a uranium occurrence in the
Montrose Quadrangle (App. Al, Occurrence 24) because it is very near the

boundary and its deposit probably extends north into the quadrangle. Another
uranium occurrence sampled across the canyon to the west of Jo Dandy (App. Al,
Occurrence 24) contained 200 ppm U308 and 8,600 ppm V205 .

The two mineralized surface samples we took were out of radiometric equi-

librium in favor of radiometric uranium. Sample MFT 055 at the Jo Dandy Mine
had 1,600 ppm eU, almost 10 times its chemical-uranium content. Other elements
that show slight enrichment in the two samples we took are silver, lead, tung-

sten, and zinc.

Favorable Area J should extend west into the Moab, southwest into the

Cortez, and south into the Durango Quadrangles. Although the favorable-area

boundary to the northeast is not well defined, the roscoelite type of uranium
concentration was not found in the upper Entrada that was checked and sampled
(MFT 029) along Leopard Creek, about 10 km north of the Jo Dandy Mine.

Fischer (1955) suggested that the roscoelite belt in the upper Entrada
Sandstone extended north-northeast from Placerville through the Montrose

Quadrangle to the Rifle, Colorado, area. The only area in the quadrangle where

the Entrada is exposed along this belt is in the northern part of the Black

Canyon of the Gunnison River near the junction of the Smith Fork. Near the
mouth of the Smith Fork, the upper part of the Entrada contains a thin layer

of light-green sandstone (colored by trace amounts of chromium) similar to the
Entrada in the Rifle and Placerville areas (Fischer, 1955). We found no anom-
alous radioactivity in the Entrada Sandstone in the Smith Fork area; our samp-
les and those of Fischer (1955) from the Entrada indicate low concentrations

of both vanadium and uranium. Because many characteristics of roscoelite-type
mineralized areas are absent in the Entrada at the Smith Fork, it is uncertain

how far north of favorable Area J the roscoelite belt may extend in the sub-
surface.

The HSSR data for water and sediment samples (Broxton and others, 1979)

from the area in the extreme southwest corner of the quadrangle showed no
anomalously high values of uranium. No anomalies were indicated in the area

by the aerial gamma-ray and magnetic survey for the quadrangle (geoMetrics,

Inc., 1979).

The origin of the vanadium-uranium deposits in the roscoelite belt is un-

known. Uranium was emplaced after the Entrada Sandstone was deposited but
prior to the early- to mid-Tertiary regional deformation and faulting that

displaced the uranium concentration. Uranium enrichment may have occurred un-
der ground-water conditions, as the mineralized layer resembles a slightly

uneven water table, or the contact between two ground waters of different
composition (Fischer, 1968). Bush and Bryner (1953) note that the vanadium-

uranium deposits are restricted to areas where the overlying Pony Express
Limestone Member is at least 2 ft (0.6 m) thick. The deposition of uranium
along the western edge of the Pony Express may have been controlled by a geo-
chemical environment characterized by evaporative pumping in a sabkha, as pro-

posed by Rawson (1979) for the Todilto Limestone in the San Juan Basin. Theis
and others (1981) have a more detailed discussion of the origin of the roscoe-

lite concentration for the more extensive deposits in the Durango Quadrangle.
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About 50% of the surface and minerals of this small favorable area are

privately owned as part of patented mining claims or ranches. Most of the re-

maining south and southwest parts of the area are administered (surface and

minerals) by the U.S. Forest Service and the Bureau of Land Management.

HYDROAUTHIGENIC URANIUM DEPOSITS (Area K)

Hydroauthigenic uranium deposits (Class 530) form from uranium-rich vola-
tiles that evolve during high-temperature devitrification of magmas and escape
into lower temperature-pressure environments (Pilcher, 1978b). Such deposits

consist of uranosilicates in peralkaline host rocks that had a high volatile
content and show extensive vapor-phase alteration. These criteria are ex-

pressed, in varying degrees, in the favorable environment of the rhyolite

bodies that evolved in the late stage of evolution of the Lake City caldera.

Favorable Area K, shown on Plate lj, is underlain by numerous such bod-

ies. This area is favorable for volcanogenic deposits of the hydroauthigenic
class (Class 530), because uranium occurs chiefly in the form of uranosili-
cates that migrated into fractures during devitrification of the rhyolite mag-
ma. Area K is estimated at 11.6 km 2 , is favorable to a depth of 600 m, and
has a volume of about 7 km3 .

The favorable rhyolite bodies are located in the southwestern part of the
quadrangle in an arcuate belt stretching from 20 km west to 5 km northwest of
Lake City. The rhyolite intrusions are related to the Miocene Lake City cal-
dera, the youngest caldera system in the San Juan volcanic field, which col-
lapsed about 22.5 m.y. ago (Mehnert and others, 1973). The rhyolite bodies

intruded several kilometers north of the ring fault of the Lake City caldera
and cut volcanic and sedimentary rocks that were in the moat area of the older
Uncompahgre caldera system. The rhyolites are exposed in an east-northeast-
trending belt, as shown on Plate lj; the buried ring fracture zone of the

Uncompahgre caldera may have influenced the location of the intrusions. Lipman

and others (1976) give an age of about 18.5 m.y. for the rhyolite intrusions,

which age was contemporaneous with resurgence of the Lake City caldera.

The white porcelaneous rhyolite bodies are conspicuous against the dark-
er, moat-filling volcanic rocks which they intrude. The intrusive form of the

rhyolites varies considerably and includes dikes, sills, plugs, and laccoliths
(Slack, 1976).

The porphyritic rhyolite is a high-silica rock composed of abundant

quartz and sodic sanidine, with sparse biotite phenocrysts set in a devitri-
fied groundmass. In hand specimen, it appears fresh and unaltered. The wall-

rocks show minor evidence of baking but none of hydrothermal alteration
(Steven and others, 1977). The larger rhyolite bodies have local vitrophyric
margins that are often fractured; their more devitrified interiors are vesic-
ular and contain zeolites, topaz, and fluorite.

The rhyolite bodies are anomalously radioactive and have been prospected

and drilled since 1955 by several companies. The only recorded uranium pro-
duction from any of the rhyolite bodies was less than 100 lb U308 in the

late 1950's from the Beth Mine near the head of El Paso Creek (Nelson-Moore
and others, 1978). Exploration activity has increased in the area during the
past 10 years, concentrated in the Mary Alice and Nellie Creek areas.
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Outcrops of rhyolite porphyry are shown on Plate lj. The favorable area
outlined includes these outcrops and their possible lateral extent at a depth
of 600 m. This depth is about twice that of exploratory drilling that found
secondary uranium minerals within several rhyolite bodies.

Uranium occurs as secondary yellow minerals along fractures in the mar-
ginal vitrophyres of the rhyolites near their contact with wallrocks. Pri-
mary(?) and secondary uranium minerals from core from exploratory drill holes
in rhyolites are reported by Exxon Corp. (R. H. Carpenter, oral comm., 1979)
and Energy Reserves Group, Inc. (J. Collins, oral comm., 1979). In addition,
we found secondary uranium minerals in fractures in altered Fish Canyon Tuff
adjacent to a rhyolite porphyry body.

The principal uranium minerals from the deposits are beta-uranophane and

uranophane. Some johannite and minor carnotite and autunite were found by
Slack (1976) at the Beth Mine. Uranophane from the Fish Canyon Tuff, identi-
fied by the BFEC Mineralogy and Petrology Laboratory, occurs in the groundmass
of volcanic rock fragments.

Our samples from rhyolite bodies in areas away from secondary uranium
concentrations contained from 9 to 46 ppm U308 (Table 2). Most rhyolite
samples had between 20 and 30 ppm U308. Uranium-enriched zones sampled
along the margins of the rhyolites had up to 2,400 ppm U 308. The size of
individual enriched areas is small (possibly up to 50 m long) and confined to
several meters along the margins of the rhyolites; the distribution of uranium
enrichment is sporadic along those margins. Uranium enrichment at depth re-
portedly contains secondary uranium in fractures and disseminated primary(?)
uranium in grades up to 500 ppm U 308 from drill-hole cores (J. Collins,
Energy Reserves Group, Inc., oral comm., 1979).

Alteration is minor in the rhyolite bodies. Some vapor-phase alteration
developed in the devitrified interiors, but most of the rock appears fresh and
unaltered in hand samples. Some sericitization and argillization of the feld-
spars occur in uranium-enriched samples from the rhyolite margins. Fish Canyon

Tuff that is enriched in uranium (App. C, Occurrence 25) is extremely altered;
its groundmass has gone to clays and is iron stained.

The rhyolite bodies were sampled by Steven and others (1977); subsequent
extensive analytical work emphasized the behavior of fluorine, uranium, tho-
rium, beryllium, molybdenum, niobium, and tin in the rhyolite and wallrocks.
Samples from the marginal vitrophyre zones of the rhyolites were assumed to
represent the original rhyolite magma, and results from those samples were

compared to results from the devitrified parts of the intrusions. Uranium,
beryllium, fluorine, and molybdenum values were found to be generally high in

all the rhyolite bodies, especially in marginal vitrophyre zones; niobium and
tin were more variable, with no regular pattern of depletion or enrichment.
From these findings Steven and others (1977) postulated that uranium, beryl-
lium, fluorine, and molybdenum were generally expulsed from the rhyolite magma
during cooling and crystallization. No concentrations of any of these ex-

pulsed metals were found in wallrocks adjacent to the intrusive bodies.

Selected analytical results for samples we took in the rhyolite bodies
are shown in Table 2. Significant enriched elements were beryllium and molyb-
denum; niobium was slightly enriched. Tin was depleted in the rhyolites, and
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TABLE 2. SELECTED RESULTS OF ANALYSES OF ROCK SAMPLES FROM
RHYOLITE PORPHYRY BODIES RELATED TO THE LAKE CITY CALDERA

Uranium Significant Associated Elements (ppm)
Occurrence Sample cU308  eU eTh K

Number Number (ppm) (ppm) (ppm) (%) Be La Mo Nb Pb Sn W Zn

4.5

6.0

3.7

4.1

4.7

4.3

3.8

4.3

3.9

4.3

4.6

3.8

3.9

4.1

19

20

28

300

93

23

32

20

21

23

70

28

20

16

23

- 30 37

- 20 23

- 16 44

150 12 200

- 16 76

- 17 28

- 16 40

- 21 30

- 15 37

- 18 33

150 - 200

- 15 30

- 20 31

MFT

MFT

'MFT

MAL

MFT

MFT

MFT

MFT

MFT

MFT

MAL

MFT

MFT

MFT

MFT

- 31

- 15

- 4

106

108*

107

423

105

049

050

077

078

076

417

110

111

372

373

76

2

1

9

1

4

2

9

16

10

43

840

900

30

1,600

24

110

2,400

220

46

750

26

46

24

22

24

9

46

*Sample from Fish Canyon Tuff adjacent to rhyolite porphyry body.

25

26

27

28

29

30

31

33

1,500

24

92

1,900

150

73

660

28

34

22

20

27

13

50

25

60

62

63

56

51

40

54

59

56

54

56

43

310

- 20

- 19

- 9

- 10

- 5

- 17

- 11

- 13

150 30

- 30

- 17

- 46

- 3533

-

-



tungsten was enriched in some bodies but not in others. Zinc was enriched in
some rhyolites, as were lanthanum and lead.

The thorium-to-uranium ratios show depletion of uranium in the devitri-
fied interiors of the rhyolite bodies. Steven and others (1977) found the de-
vitrified rhyolite had thorium-to-uranium ratios of 2 to 2.6, in contrast with
ratios of 1.4 to 1.6 for marginal vitrophyres; our results (Table 2) closely
agree with these findings.

No anomalously high values of uranium were detected in HSSR water or
stream-sediment samples from the area around the rhyolite bodies (Broxton and
others, 1979). A stream-sediment sample (MAL 420) and water sample (MAL 419)
near the mouth of Mary Alice Creek were the only samples taken in the favor-
able area that had anomalously high uranium values (45 ppm and 5 ppb, respec-
tively). A dense cluster of about 15 uranium anomalies in the aerial gamma-ray
and magnetic survey for the quadrangle (geoMetrics, Inc., 1979) delineates the
region of the rhyolite intrusions; anomaly 204 of this survey, located just
east of Uncompahgre Peak, has the highest count in the area and is the third
highest in the quadrangle.

The, uranium that occurs throughout the rhyolite bodies is initial-
magmatic in origin; however, the average uranium concentration is only between

20 and 30 ppm, too low to be considered favorable. The uranium concentration
observed on the surface at the rhyolite margins, and probably most of that
found at depth, originated during crystallization and cooling of the host mag-
ma and concentrated in fractures and minor shears. Steven and others (1977)

believed that most of the uranium in the system has been lost, because it was
expelled upward from the crystallizing magma to a near-surface thermal spring
or fumarolic environment (now eroded). They also believe that fluorine, and
possibly chlorine, may have scavenged uranium, beryllium, and molybdenum from

the crystallizing magma and carried them upward and out of the system. A sche-
matic diagram in Figure 3 summarizes some physical and chemical characteris-
tics of a rhyolite porphyry body related to the Lake City caldera.

The volcanic and sedimentary rocks surrounding the rhyolite intrusions

are devoid of uranium concentrations, except for the one hydroallogenic (Class

540, Pilcher, 1978a) occurrence we found in the Fish Canyon Tuff in the Mary
Alice Creek area. This scarcity of uranium tends to diminish the role that the
ground-water system may have played in dispersing the uranium expelled from

the crystallizing rhyolite magma.

The surface of nearly all the land within the region outlined containing
the favorable area is administered by the U.S. Forest Service; all minerals
are federally owned on these lands. The four westernmost favorable areas out-
lined (P1. lj) are all or partially within the Uncompahgre primitive area; the
easternmost favorable area outlined is very near the southern edge of the Big

Blue proposed wilderness area (P1. 10). Several mining companies and individ-
uals have active mining claims over much of the region; the most active are
the Mary Alice and Nellie Creek areas.

URANIUM DEPOSITS OF UNCERTAIN GENESIS (Area L)

One favorable area (Area L) in the Montrose Quadrangle did 'not conform to

the recognition criteria for a specific environment of uranium deposits. This
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Marginal vitrophyre
Represents composition of original rhyolite magma
Th/U--1.4-1.6
Secondary U (uranophane) enrichment locally in fractures
(up to 2,500 ppm U 3 08 )

Volcanic and ~600 m
sedimentary rocks
in moat of older
Uncompahgre caldera
(no uranium enrichment)

Devitrified interior

Th/U ~2-2.6

20-30 ppm U 3 08

Most U,Be,Mo,and F expelled during
cooling and crystallization

U,

Some primary and secondary
U enrichment up to 0.05% U 3 08in shears and fractures

N/ \%

Rhyolite porphyry-l8.5m.y.

Figure 3. Schematic sectional of a rhyolite porphyry body, its
physical and chemical relations, and its relation to
country rocks.



area, around the Bel Air (Bonita) Mine No. 2 southwest of the town of Poncha
Springs, probably represents a combination of several environments and has not
been assigned to a particular class or subclass of uranium deposits.

Area L (P1. 1k) is near the east-central edge of the quadrangle in the
southern part of the Sawatch Range. A narrow section of the Rio Grande rift
zone lies just to the east. Area L is approximately 3.1 km 2, favorability
occurs in an estimated 1-m thickness, and the volume favorable is only about
0.003 km3.

An erosion surface on rocks of Precambrian X age had developed by early
Oligocene time in this area. Small basins of restricted drainage that sup-
ported abundant vegetation formed on this surface, and a thin carbonaceous
regolith developed (R. C. Malan, DOE, written comm., 1978). Later in the
Oligocene, volcanic flows and flow breccias from the Bonanza caldera covered

the erosion surface and regolith. postvolcanic faulting and associated hydro-
thermal solutions locally altered the country rocks.

Uranium was discovered at the Bonita Mine in 1954 and a minor amount of
uranium at a grade of 1,400 ppm U308 was produced until 1958 (Nelson-Moore
and others, 1978). Two adits are present at the Bonita property. R. C. Malan
(DOE, written comm., 1978) reported that the combined length of the working is

650 ft (200 m) and that the main ore zone in the mine is associated with a
carbonaceous regolith up to 2 ft (0.6 m) thick. Ranspot (1955b) reported that
pitchblende (uraninite) ore was being mined at a grade of 5,400 ppm U308
in discontinuous seams within a vein. Some of this ore was shipped and approx-

imately 20 tons of ore having a grade of 2,500 ppm U308 were stockpiled.

The Bonita Mine workings, now the Bel Air Mine No. 2 (App. C., Occurrence
142), were visited by the authors in 1979. Some stockpiled ore still remains
at the property, but the two adits were inaccessible because of water. Our
sampling of the mine was confined to the fractured and altered volcanic rocks
because the water prevented access to the regolithic zone below. Two samples
(MFT 307 and 308) from radioactive areas in the altered volcanics contained
700 ppm and 40 ppm U3 08 , respectively. Uranium minerals in the samples

could not be positively identified by SEM/EDS analysis, except for possible

trace amounts of brannerite(?) in sample MFT 307 (App. D). Uranium concentra-
tion at the mine appears, from our limited observations and sampling above the

regolithic zone, to be fracture controlled.

The boundary of the favorable Area L is based mainly on geologic mapping

(Perry, 1971) which shows faults that are possible limits to the extent of the
favorable carbonaceous regolithic zone. Area L is situated in a down-dropped
block, nearly surrounded by faults, where the carbonaceous regolith has been
preserved. The eastern and southern boundaries of the favorable area are not
well defined because volcanic rocks cover inferred faults (Perry, 1971) that
may cut the regolithic zone.

Uranium has been produced from veins that follow faults of probable pre-
volcanic age within the workings of the old Bonita Mine. Uranium may have

been introduced by hydrothermal solutions along faults that experienced re-
newed postvolcanic movement associated with development of the Rio Grande

rift zone. Other possibilities for the origin of uranium in the area are that
it was syngenetic (uraniferous ground waters introduced into the reducing en-
vironment of the carbonaceous regolith) or supergene (ground waters containing
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uranium leached from the overlying volcanic rocks that were introduced into

the reducing environment of the regolith). The most important ore control in

the area does appear to be the reducing environment of the carbonaceous rego-
lith, regardless of the source of uranium. The favorability of Area L is based

on the assumption that the regolithic zone, about 1 m thick, is continuous be-

neath the volcanics in the area outlined on Plate la.

Area L is situated entirely on land administered by the U.S. Forest

Service; all minerals on these lands are federally owned.

ENVIRONMENTS UNFAVORABLE FOR URANIJM DEPOSITS

SUMMARY

All Phanerozoic sedimentary environments in the Montrose Quadrangle are

unfavorable for uranium deposits, except the five areas favorable for

sandstone-type deposits (Areas F, G, H, I, and J, P1. La) and the unevaluated

subsurface. All plutonic igneous environments (chiefly of Precambrian and

Tertiary ages) in the quadrangle are unfavorable for uranium deposits, except
the five areas favorable for magmatic-hydrothermal deposits (Areas A, B, C, D,

and E, P1. La) and the unevaluated subsurface. All volcanogenic environments

(chiefly of mid-Tertiary age) in the quadrangle are unfavorable for uranium

deposits, except the area favorable for hydroauthigenic deposits in the late-
stage rhyolite bodies related to the Lake City caldera and several unevaluated

surface and subsurface areas of volcanic rocks. All metamorphic environments
of Precambrian X and Y ages in the quadrangle, except the unevaluated subsur-

face, are unfavorable for unconformity-related and vein-type uranium deposits

of uncertain genesis.

SEDIMENTARY ENVIRONMENTS

Sandstone Environments

Roll-Type Deposits. Roll-type deposits of uranium in sandstone are char-
acterized by a sharp interface between altered and unaltered ground; uranium

is concentrated near that interface. Such deposits have been subdivided on

the basis of depositional environment into Wyoming and Texas types (Austin and

D'Andrea, 1978). Wyoming-type deposits are in fluvial stream-channel or
braided-stream and alluvial-fan sediments, whereas Texas-type deposits are in

marginal-marine, fluvial, and barrier-bar sediments.

The Phanerozoic sedimentary rocks in the Montrose Quadrangle were exam-
ined for the presence of both types of roll environments. All sandstone units

in the quadrangle are unfavorable for roll-type uranium deposits because they
lack several specific recognition criteria. Sandstones that were examined in
greatest detail were mainly those deposited in fluvial environments (stream-
channel, braided-stream, alluvial-fan, or flood-plain). The Morrison and
Burro Canyon Formations, Dakota Sandstone, Hermosa, Ohio Creek, and Dry Union
Formations exhibit some favorable characteristics for roll-type uranium depos-
its and will be discussed in some detail.
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The Morrison Formation of Late Jurassic age is present mainly in the
western part of the quadrangle on the Uncompahgre and Gunnison Uplifts and in
the Piceance Basin (Fig. 2). It was deposited in aggrading streams and takes
on a relatively featureless surface (Oriel and Craig, 1960). The major source
areas for Morrison sediments were uplifted areas in west-central New Mexico,
Arizona, California, and western Utah and eastern Nevada. Abundant tuffs and
ash beds in the Morrison indicate that regional volcanism occurred during the
Late Jurassic. In the western part of the quadrangle the Morrison is divided
into two members (P1. 7), the Salt Wash Sandstone (lower) and Brushy Basin

Shale (upper).

The Salt Wash Sandstone Member consists of red, gray, and green shale and
mudstones interbedded with lenticular, cross-bedded sandstones. Its average
thickness in the western part of the quadrangle is about 60 m, wedging out to
the east. In the Uravan mineral belt about 75 km west of the Montrose
Quadrangle, the Salt Wash is an important host for uranium-vanadium deposits;

most of the production there has been from the uppermost sandstone units,
where the uranium bodies are commonly elongate podlike masses and irregular

"rolls." Motica (1968) listed the following favorable characteristics neces-

sary for the Salt Wash to contain uranium deposits: a host sandstone greater

than 30 ft (10 m) thick, the presence of carbonaceous material in the host
sandstone, and gray mudstones and clays (reduced zone) associated with uranium

concentration in the sandstone. Sandstone channels that contain uranium are
often 1 mi (1.5 km) or more wide and several miles long.

Individual sandstone beds in the Salt Wash Member in the Montrose
Quadrangle do not attain the thickness or lateral extent of favorable Salt

Wash sandstones in the Uravan mineral belt. Those in the Montrose Quadrangle

are finer grained and more even and thinner bedded than those in the Uravan
area. Salt Wash sandstones in the quadrangle do not contain abundant car-

bonaceous material or pyrite reductants; the outcrops we examined, on the
Uncompahgre Uplift and in the area of the Black Canyon of the Gunnison River,
were oxidized and locally stained by limonite and hematite. Associated clays
and mudstones were also often oxidized. Since subsurface information is sparse

for the quadrangle, no conclusions can be made for the favorability of the
Salt Wash in the subsurface.

The Brushy Basin Shale Member consists of variegated red, purple, gray,

and greenish-gray bentonitic mudstones, shales, and minor sandstones. The
average thickness is about 100 m in the western part of the quadrangle. Sand-

stone lenses in the Brushy Basin are not thick enough to be considered favor-
able hosts for roll-type deposits. Uranium is disseminated in minor concen-

trations (probably syngenetic) in Brushy Basin variegated mudstones at the Ed
Claim group (App. Al, Occurrence 4) on the western flank of the Gunnison
Uplift north of Montrose.

The Burro Canyon Formation (P1. 7) of Early Cretaceous age is present in
the western part of the quadrangle chiefly on the Uncompahgre and Gunnison

Uplifts and in the Piceance Basin (Fig. 2). The Burro Canyon was deposited by

meandering streams shifting their channels across a broad alluvial plat

(Hansen, 1965). It consists principally of cross-bedded fluvial, chert-pebble
conglomerate and coarse-grained conglomeratic sandstone. Some light-gray to

green claystones and finer grained sandstones are also present. Good expo-

sures of the Burro Canyon are present in the northern part of the Black Canyon
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of the Gunnison River area. Outcrops observed there contain little or no car-
bonaceous material or pyrite. The coarse nature of the sediments indicates a

relatively high-energy environment in which organic material or pyrite prob-
ably was not preserved.

Cratg (1975) indicated that the Burro Canyon Formation might be Favorable
for uranium deposits along its eastern depositional margin. This margin is
along a north-south line in the eastern one-third of the quadrangle. Craig
(1975) suggested that local reducing conditions may have existed along the
eastern depositional edge of the Burro Canyon during its diagenesis and organ-
ic material and pyrite may have been preserved. We found no evidence for a

reducing environment in the Burro Canyon in the northwestern part of the quad-

rangle. Without a proper reducing environment it is unlikely the Burro Canyon
can host uranium deposits of sufficient size to be considered favorable.

The Dakota Sandstone of Early Cretaceous age, present throughout the

western half of the quadrangle, consists chiefly of cross-bedded, resistant,
locally carbonaceous sandstones and minor chert-pebble conglomerate and car-
bonaceous shale. The presence of ripple marks, worm burrows, and plant debris
in the Dakota indicates shallow-water deposition (Hansen, 1965). The Dakota
was deposited along the shoreline of the transgressing Western Interior
Seaway.

Uranium occurrences in the Dakota south of the quadrangle in the San Juan
Basin are associated with carbonaceous material in black shales and sandstones
near the base of the formation. These deposits, generally in tabular masses,

appear to be epigenetic and are controlled by folds and joint faults
(Gabelman, 1955). No uranium deposits or significant occurrences are in the

Dakota Sandstone in the Montrose Quadrangle.

Although the lower portions of the Dakota Sandstone in the quadrangle
contain abundant carbonaceous debris and local concentrations of pyrite, this

carbonaceous material is very low in uranium content; Houston and Murphy
(1970) have suggested that very little uranium was available during deposition

of the Dakota. In addition, the carbonaceous sandstone lenses in the lower
part of the Dakota do not attain, in the quadrangle, the thickness and lateral

extent considered favorable for uranium deposits. A source of uranium and
presence of favorable structural controls (folds and faults joints) are also

lacking. Only minor concentrations of uranium were found in carbonaceous
shales near the base of the Dakota (App. C, Occurrence 58) in the Blue Mesa

Reservoir area.

The Hermosa Formation (P1. 7) of Pennsylvanian age, which crops out only

in the southwest part of the quadrangle near Ouray, consists of a series of

greenish-gray and red, calcareous sandstones, siltstones, and shales. The up-
per 100 m, composed chiefly of sandstones and conglomerates with interbedded
shales and limestones, may be equivalent to the Rico Formation of
Pennsylvanian and Permian ages (Luedke and Burbank, 1962). The Hermosa was
deposited in alternating marine- and distributary-dominated environments
(Spoelhof, 1976), the upper portion as transitional facies from Hermosa marine
carbonates and plastics to the nonmarine plastics of the Cutler Formation.

In the Montrose Quadrangle the upper portion of the Hermosa Formation
contains fluvial channel sandstones which are locally conglomeratic and
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contain carbonaceous debris. The carbonaceous debris was found to be slightly
to moderately radioactive in basal channel scours. A uranium occurrence (App.

C, Occurrence 13) was found associated with carbonaceous debris (log or limb)
in a channel sandstone. These fluvial channels in the upper part of the
Hermosa are generally small and discontinuous in the Ouray area. The carbo-
naceous debris is also scattered and of not enough abundance to host uranium

deposits of the size required for favorable environments. Small uranium depos-
its may occur in areas where more abundant organic debris and associated py-

rite are present in the transition zone between the Hermosa and Cutler
Formations. This transition zone in an area to the south in the Durango
Quadrangle contains several uranium occurrences associated with organic debris

(Theis and others, 1981).

The Ohio Creek Formation, present in the Piceance Basin in the north-

western portion of the quadrangle (Fig. 2), was deposited during the Paleocene
in a high-energy fluvial environment in which coarse detritus was moved west-
ward and northward across the basin (McDonald, 1972). The formation consists
of sandstones and conglomerates with interbedded shales and siltstones. In
general, the Ohio Creek grades upward from coarse, conglomeratic sandstones at
the base to fine-grained sandstones and shales near the top; basal conglomer-

ates are locally carbonaceous.

Uranium occurrences are known in basal conglomerates of the Ohio Creek
Formation approximately 50 km north of the northwest corner of the quadrangle
in the vicinity of Mesa, Colorado. These occurrences appear to be restricted
to carbonaceous plant debris in basal channel scours. In the Montrose
Quadrangle, however, basal scours in the Ohio Creek appear to lack the thick-
ness, lateral extent, and organic material needed to be favorable for roll-
type uranium deposits.

Subsurface studies of the Ohio Creek Formation farther north in the
Piceance Basin by D. C. Graham (Colorado Geological Survey, oral comm., 1979)
show a possible system of channel sandstones greater than 60 m thick. The
Sawatch anticline of Laramide age was the main source area for the Ohio Creek
Formation. Basal sandstones in the Montrose Quadrangle are coarser and con-
tain less organic material than those farther north into the Piceance Basin

away from the source uplift. Thus, the favorability of the Ohio Creek

Formation should increase to the north and west of the quadrangle.

Sandstones and shales near the top of the Ohio Creek Formation represent

a depositional environment of lower energy than the base of the formation,
where carbonaceous debris and pyrite were preserved. A stratigraphic zone
near the contact of the Ohio Creek and Wasatch Formations is favorable for
channel-controlled peneconcordant uranium deposits in Area I (P1. la).

The Dry Union Formation of Miocene and Pliocene ages is present in the
northeastern part of the quadrangle in the Rio Grande rift zone north of
Salida. Deposited as valley fill, it consists of sandy siltstones and inter-
bedded, friable sandstones, conglomerates, and volcanic ash. The Dry Union
represents flood-plain, alluvial-fan, pond, mudflow, and volcanic-ash deposits
(Van Alstine, 1974). The unit contains abundant tuffaceous material but gen-
erally lacks organic material or other reductants for roll-type deposits. A
uranium occurrence (App. C, Occurrence 94) in the Dry Union Formation, as
mapped by Van Alstine (1969), is in a small circular roll-type feature. The
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center of the feature contains unoxidized or reduced ground and is surrounded

by a narrow circular, hematitic band that grades outward to a limonitic zone.

This occurrence appears to be small and discontinuous. E. P. Beroni of
Rampart Exploration Corp. (oral comm., 1979) suggested that the occurrence was

probably in the Oligocene Tallahassee Creek Conglomerate, which contains

uranium deposits east of the quadrangle in South Park. Uranium deposits in

the Tallahassee Creek, however, are closely associated with carbonaceous ma-
terial. Small remnants of Tallahassee Creek Conglomerate are present in east-

trending Oligocene paleovalleys along the eastern edge of the quadrangle. The
Tallahassee Creek in these remnants does not contain abundant carbonaceous ma-

terial and is not anomalously radioactive. Other outcrops of Dry Union in the
quadrangle lack the abundant carbonaceous material or other reductants for

Tallahassee Creek-type deposits. The Dry Union Formation appears to be unfa-

vorable for all roll-type uranium deposits.

Peneconcordant Deposits. Peneconcordant uranium deposits in sandstone
have been subdivided into channel- and non-channel-controlled deposits (Austin

and D'Andrea, 1978). The Paleozoic and Mesozoic sedimentary rocks in the
Montrose Quadrangle were examined for the presence of both types of penecon-

cordant environments. All sandstone units except the Harding Sandstone of
Ordovician age and the Ohio Creek and Wasatch Formations of Paleocene and
Eocene ages, respectively, lack specific criteria for peneconcordant uranium
deposits. However, the Parting Formation of the Devonian Chaf fee Group and the

Maroon Formation of Pennsylvanian-Permian age exhibit some favorable charac-
teristics for peneconcordant deposits.

The Parting Formation (P1. 7) is present in scattered synclinal remnants

of Paleozoic sedimentary rocks, mainly along the flanks of the Sawatch Range
and in the southern part of the Elk Mountains (Fig. 2). It was deposited dur-

ing the transgression of a Late Devonian sea which reworked the underlying
erosion surface. Sandstones in the formation were probably deltaic deposits
near a Devonian landmass (Rothrock, 1960). Fish remains and reworked limestone

clasts are found in some of the sandstones. In the Montrose Quadrangle the
Parting ranges from 0 to 30 m thick.

In the lower part of the Parting Formation near Mount Tilton, north of
Italian Mountain (P1. id), uranium occurs in dark brown-gray, quartzose,

medium- to fine-grained sandstone on an irregular erosion surface in siltstone
(App. C, Occurrence 47). The radioactive zone is only about 30 cm thick but

can be traced laterally for more than 30 m. A sample (MFT 183) from the radio-
active zone had 80 ppm U3 08 . The thinness of the radioactive zone and its

low grade (less than 100 ppm U308) indicate that the Parting at the Mount
Tilton locality is unfavorable for peneconcordant uranium deposits. Sandstones

in the lower Parting Formation in other areas within the quadrangle do not ap-
pear to contain the same low-grade uranium enrichment.

The Maroon Formation (P1. 7), present in the north-central part of the
quadrangle, consists of clastic sediments deposited in a subaerial environ-
ment, probably in the form of coalescing alluvial fans (Prather, 1964). The
Maroon in the Montrose Quadrangle was close to its source area; the formation

is thin and contains very coarse conglomerates.
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In the Brush Creek area east of Crested Butte, the Maroon Formation con-
tains a stratabound uranium occurrence approximately 5 m below its contact

with the Jurassic Entrada Sandstone. Uranium occurs here in a dark-gray, car-

bonaceous, limy, micaceous, fine-grained sandstone. The radioactive zone is

approximately 1 m thick at the Mary Joe prospect (App. C, Occurrence 46). Out-
crops of the Maroon Formation are sparse in this area; the mineralized zone
could be traced only for about 5 m. The radioactivity appears to be closely
associated with abundant carbonaceous debris. Individual sandstone channels of

the Maroon in the quadrangle are commonly thin, discontinuous, and too small
to contain peneconcordant uranium deposits of the size and grade required to

be favorable.

Limestone Environments

To be assigned to the limestone class of uranium environments, uranium-

bearing limestones should have greater than 50% carbonate minerals. Jones
(1978b) indicated that carbonates are generally unfavorable for uranium con-
centration because uranium is highly soluble in the presence of substantial
concentrations of carbonate ions. Uranium in limestones is usually found in

noncarbonate impurities. Deposits of the limestone class are peneconcordant,
efflorescent, or karstic.

Paleozoic and Mesozoic sedimentary rocks in the Montrose Quadrangle were
examined for the presence of the three types of limestone uranium deposits.
All limestone units in the quadrangle lack sufficient recognition criteria for

the three types of deposits and are considered unfavorable. The Leadville
Limestone of Mississippian age, the Pony Express Limestone Member of the
Wanakah Formation of Jurassic age, and limestones in the Morrison Formation of
Jurassic age exhibit some favorable characteristics for limestone deposits and

are therefore discussed in some detail.

The Leadville Limestone (Pl. 7) is present in the southwest, north-
central, and northeast parts of the quadrangle, chiefly in scattered synclinal

remnants in faulted areas. It was deposited in a shallow-marine-shelf envi-
ronment. Nash (1979) suggested that the Leadville in the Marshall Pass ura-

nium district was deposited in a tidal-flat (possibly supratidal) environment.
Pre-Pennsylvanian erosion formed karst on the top of the Leadville. Breccias

in the karst have hosted silver and base-metal concentrations in several min-

ing districts in Colorado.

Uranium at the Pitch Mine in the Marshall Pass district occurs in brecci-
ated Leadville Limestone (Dolomite) along the Chester Fault zone. Dupree and
Maslyn (1979) suggested that uranium enrichment at the Pitch Mine may be re-
lated to black, organic-rich matrix material of carbonate breccias in karst on
top of the Leadville. Karst towers were observed within a few kilometers of

the Pitch Mine. Nash (1979) disagrees with this interpretation and considers
the breccias to be clearly tectonic and related to the Chester Fault. The

Leadville in other areas of the quadrangle is devoid of uranium and is uinfa-
vorable for uranium deposits, except where it is brecciated along fault zones

that may host vein-type (Class 330) uranium deposits.

The Pony Express Limestone Member (P1. 7) of the Wanakah Formation is

present in the western part of the quadrangle. However, it may not everywhere
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meet the requirement that a limestone environment must contain greater than

50% carbonate minerals. The Pony Express is similar, and probably equivalent,

to the Todilto Limestone in the Grants mineral belt. Both units were depos-
ited in a restricted saline lake or sabkha environment after deposition of the

eolian Entrada Sandstone.

The Pony Express, which ranges in the quadrangle from 0 to 8 m in thick-
ness, was examined for the presence of Todilto-type uranium deposits. Uranium

in the Todilto chiefly occurs as long, pod-shaped stratiform bodies along the
crests of anticlines. Rawson (1979) proposed that ground water bearing hexa-

valent uranium could have been drawn upward by evaporative pumping through a
decaying algal-mat zone where uranium would be reduced to the tetravalent

state and precipitated. He suggested that uranium-bearing ground water was
drawn from the underlying Entrada Sandstone. It appears that the Todilto ore-

bodies are both chemically and structurally controlled.

The Pony Express Member contains weak uranium enrichment in carbonaceous
shales in the Ouray area; however, these shales are too thin and discontinuous

to be favorable for uranium deposits. To the west the depositional edge of the
Pony Express nearly coincides with the uranium-vanadium-enriched roscoelite

belt. Fischer (1968) suggested that the geochemical environment near the edge
of the limestone during or after its deposition influenced the localization of

vanadium and associated uranium in the underlying Entrada Sandstone. Vanadium-
uranium concentration in the roscoelite belt may have been ground water con-

trolled. It is not clearly understood why vanadium-uranium enrichment does not
extend into the overlying limestones of the Pony Express. The Pony Express

may lack the physical controls for Todilto-type uranium deposits. The princi-
pal physical controls for such deposits are recrystallization and tensional
fracturing along anticlinal axes (Jones, 1978b).

The lower part of the Morrison Formation in the Virginia Basin area in
the north-central part of the quadrangle contains low-grade stratiform uranium

enrichment (App. C, Occurrence 41) in thin, gray, very dense, freshwater lime-
stones. The limestone beds contain scattered small aggregates of jasper.

Highest radioactivity was along fractures or joint surfaces. A sample (MFT
146) of the radioactive limestone contained 100 ppm U308. Uranium enrich-

ment appears to be epigenetic and may be either efflorescent or peneconcor-
dant. The low-grade enrichment and the thinness of the radioactive beds (less
than 1 m thick) make the lower Morrison limestones unfavorable for uranium de-
posits. No radioactive limestones were found in the Morrison Formation else-

where in the quadrangle.

Marine Black Shale Environments

Marine black shales are considered to be a low-grade resource of uranium
and generally do not attain the average grade of 100 ppm U308 required for
favorable environments. Uraniferous black shales contain a large percentage
of organic matter. Uranium is usually evenly disseminated throughout the shale
and.the content commonly increases with increasing amounts of organic matter.
Black shales in the quadrangle do not contain sufficient concentrations of
uranium to be considered favorable for marine black shale uranium deposits.
Aerial radiometric anomalies and water anomalies identified by the HSSR survey
occur in the Mancos Shale of Cretaceous age. Shales of the Pennsylvanian
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Belden Formation are slightly enriched in uranium in the quadrangle. These
two marine black shale formations were examined for the presence of syngenetic
disseminated uranium concentrations and were found to be unfavorable.

The Mancos Shale (Pl. 7), present in the western two-thirds of the quad-
rangle, has an average thickness of 1300 m. It was deposited as mud on the

bottom of the shallow Western Interior Seaway. Forty-nine anomalies in the
Mancos were indicated by the reconnaissance aerial radiometric survey of the
Montrose Quadrangle (geoMetrics, Inc., 1979). GeoMetrics interpreted these
anomalies as possibly being an expression of a more radioactive unit within
the Mancos. We failed to find a radioactive unit in the Mancos in the many
anomalies that were field checked. Several anomalies which were interpreted

by geoMetrics as being in the Mancos Shale appear to be related instead to an
area of radium springs along the North Fork of the Gunnison River.

Two clusters of anomalies in water in the Mancos Shale were delineated

during the reconnaissance HSSR survey for the quadrangle (Broxton and others,
1979). Water samples in these two clusters contained 23 ppb U308. The
San Juan Mountains HSSR survey (Maxwell, 1977) delineated a cluster of high
uranium values in water samples in the Mancos Shale in an area southeast of

Montrose. The highest concentration of uranium in a water sample from this
survey was 210 ppb from an area south of Cerro Summit (App. Al, Occurrence 9)
A field check of this area found no anomalous radioactivity in the Mancos or
other sedimentary units.

Clusters of water samples containing high uranium values were also char-
acterized by their high conductivities. The high uranium concentrations in
waters draining the Mancos Shale may be explained by the long hydrologic resi-
dence time of waters in the shale. A representative sample (MFT 249) of the
Mancos southeast of Montrose had 6 ppm U308 , probably a regional average

uranium concentration for the Mancos.

The Belden Formation (P1. 7) is present in the north-central, northeast,
and extreme southeast parts of the quadrangle. The formation was deposited on

karstic topography on top of the Leadville Limestone by a rapidly transgres-
sing sea which occupied the developing Central Colorado Basin.

Slight uranium enrichment was found in local, thin, discontinuous beds of

impure coal in the Belden at the Blue Bull Claim in the Mosquito Range in the
extreme northeast part of the quadrangle (App. C, Occurrence 105). A single
grab sample (MFT 302) of the coaly material contained 13 ppm U308. Car-
bonaceous shales in the Belden are also radioactive in the area of Indian
Creek in the Marshall Pass uranium district and in the Almont area northeast
of Gunnison. Radiometric reconnaissance of these two areas indicates that the
uranium content of the carbonaceous shales in the Belden probably ranges from
10 to 15 ppm U 308. The regional average uranium content of the Belden is
probably 7 to 8 ppm 1J308 with locally higher uranium concentrations of up
to 15 ppm in organic-rich lenses. Although the Belden was deposited in a ma-
rine environment, Jones (1978b) suggests that carbonaceous shales, if they
contain coals or are lignitic, should be assigned to the lignite, coal, and
carbonaceous shale class of uranium deposits. Because coaly seams in the

Belden are thin, discontinuous, and widely scattered, the Belden will not be

discussed under the lignite, coal, and carbonaceous shale class of uranium de-

posits.
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Lignite, Coal, and Nonmarine Carbonaceous Shale Environments

In lignite, coal, and carbonaceous shale uranium may be syngenetic in

origin if it has been concentrated by growing plants or decaying plant materi-

al. However, uranium in these rocks is more commonly epigenetic, having been
precipitated from uraniferous ground waters. The uranium is usually adsorbed

by humates. Uraniferous lignite, coal, and carbonaceous shale beds are typi-

cally thin and discontinuous.

All lignites, coals, and carbonaceous shales in the Montrose Quadrangle

are unfavorable for syngenetic or epigenetic uranium deposits of the lignite,
coal, and nonmarine carbonaceous shale class, although the Mesaverde Formation

does exhibit some favorable characteristics for such deposits.

The Mesaverde Formation (P1. 7) of Late Cretaceous age is present in the
northwestern part of the quadrangle. The lower part of the unit contains coal
seams that are currently being mined in the North Fork of the Gunnison River
area between Paonia and Somerset. We examined the coals and carbonaceous

shales in the formation for possible uranium deposits.

Sediments in the lower part of the Mesaverde were deposited along an os-
cillating shoreline and intertongue with the underlying Mancos Shale. The

Mesaverde represents a transitional environment varying from marine shales and
sandstones to nonmarine shales, coals, and sandstones. The coal beds in the

Mesaverde in the quadrangle were probably deposited in either a deltaic or
coastal-plain environment.

Surface radiometric reconnaissance of the Mesaverde coals along the North

Fork of the Gunnison River area indicated no anomalous radioactivity. Gamma-
ray logs from coal test holes drilled by the U.S. Geological Survey (Eager,

1978 and 1979) in the Mesaverde Formation also did not indicate anomalous ura-

nium values (Table 3). The coals in the Mesaverde are generally of high vola-

tile "C" bituminous rank. Vine (1962) states that coals of bituminous and
anthracite ranks commonly are unfavorable hosts for uranium, chiefly because

of chemical changes and decreases in permeability during the formation of
coals of higher rank. The few uranium deposits that occur in bituminous or

anthracite coals are nearly all of Pennsylvanian age.

The lignites and carbonaceous shale in the Mesaverde Formation are unfa-

vorable because of chemical changes that accompanied the formation of coals of

medium rank (bituminous), decrease in permeability during the formation of
coals, and lack of a source of uranium for ground-water solutions.

PLUTONIC IGNEOUS ENVIRONMENTS

Uranium may be deposited during the orthomagmatic, pegmatitic, and hydro-
thermal stages of magmatic evolution. Orthomagmatic uranium occurrences,
formed as syngenetic disseminations during magma crystallization, and pegma-
titic and magmatic-hydrothermal occurrences all represent postsaturation tap-
ping of the magma system (Mathews, 1978b). Plutonic rocks of Precambrian to
mid-Tertiary ages in the quadrangle were investigated for the presence of ura-
nium in these three types of environments.
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TABLE 3. LIST OF GAMMA-RAY LOGS FROM USGS COAL TEST DRILL HOLES
IN THE PORTION OF THE GRAND MESA COAL FIELD WITHIN
MONTROSE QUADRANGLE

Location
Drill Hole 7.5-Minute 1/4 Sec. Sec. Twp. Rng. Depth Interval

Quadrangle

Ceda redge

Cedaredge

Cedaredge

Gray Reservoir

Gray Reservoir

Gray Reservoir

Gray Reservoir

Gray Reservoir

Gray Reservoir

Gray Reservoir

Dry Creek

Dry Creek

Dry Creek

Dry Creek

Dry Creek

Dry Creek

Dry Creek

(s) (W)Number*

CE-77-1

CE-7 7-2

CE-77-3

GR-77-1

GR-77-2

GR-77-3

GR-77-4

GR-77-5

GR-77-6

GR-77-7

DC-77-1

DC-7 7-2

DC-77-3

DC-7 7-4

DC-7 7-5

WS-1

WS-2

2

11

15

24

25

19

29

20

28

14

7

1

8

16

10

12

12

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

13

95

95

94

93

93

92

92

92

92

92

92

94

93

93

93

94

94

Logged (ft)t

72-849

0-449

0-343

0-1,036

1-557

0-932

1-690

0-1,258

0-893

500-678

0-288

36-951

0-300

1-593

1-858

0-175

0-305

*U.S. Geological Survey (Eager, 1978 and 1979).

tThe logged interval includes coal beds overlying
of the Mesaverde Formation

the Rollins Sandstone Member
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Orthomagmatic Environment

All intrusive igneous bodies in the quadrangle are unfavorable for ortho-

magmatic uranium deposits because they do not contain sufficient uranium to

meet the minimum-grade requirement for favorability. The active tectonic set-

ting of the quadrangle, which would have allowed periodic escape of residual

fractions of the magma during crystallization, may have been the main reason

that uranium concentrations of the intrusions are not higher. Other reasons

for the low uranium concentrations may have been low uranium contents of the

initial magmas, low degrees of differentiation producing derivative magmas,

and a deeper crustal setting for plutons. Although the intrusive igneous bod-

ies in the quadrangle are unfavorable for uranium deposits, many of them are

enriched in uranium above average plutonic values and represent source areas

for magmatic-hydrothermal vein deposits and for leachable uranium for super-
gene enrichment processes.

Plutonic igneous rocks in the quadrangle are of Precambrian, Cambrian,

and Late Cretaceous to Miocene ages. More than 100 samples were taken from the

various plutonic bodies; many of them were representative (unenriched) sam-

ples. Selected results of sample analyses are shown in Table 4. These results

and some of the favorable characteristics of the plutonic rocks will be dis-
cussed in more detail.

Precambrian Intrusive Rocks. The older intrusive rocks of Precambrian X

age are variable in composition but generally are granodioritic. They were

deep-seated syntectonic intrusions that show some degree of metamorphism.
These rocks lack most of the favorable criteria for orthomagmatic deposits;

however, some are enriched in uranium. The high thorium-to-uranium ratios in-

dicate areas within plutons that were more highly differentiated (Nishimori

and others, 1977).

Precambrian X granitic rocks that we sampled east and northeast of

Gunnison, in the Sawatch Range, and in the Trout Creek area east of Buena

Vista contain some areas of uranium enrichment and high thorium-to-uranium ra-
tios. Callagher and others (1977), in a previous study of an area northeast

of Gunnison, found high uranium values in stream-sediment samples and in as-

sociated Precambrian X granitic rocks; they found the area around Broncho

Mountain to be especially anomalous. Nearly all the stream-sediment uranium

anomaly clusters from the HSSR study are in areas in the northeast part of the

quadrangle that are underlain by granitic rocks of Precambrian X age.

We found the Precambrian X granitic rocks (mainly quartz monzonite) in

the Broncho Mountain area to be slightly enriched in uranium (Table 4); a

representative quartz monzonite sample taken just north of Broncho Mountain

contained 55 ppm U308  (App. C, Occurrence 55), chiefly in the minerals

monazite and euxenite-polycrase. Preliminary data from a detailed aerial ra-
diometric survey north and northwest of Broncho Mountain by geoMetrics in 1978

show several areas with high uranium, thorium, and uranium-to-thorium ratios.

Two samples in Precambrian X granitic rocks had very high thorium-to-
uranium ratios, possibly indicating areas within a pluton that were more high-
ly differentiated. One sample (Table 4, MFT 227) in granite west of Sargents
had a ratio of 30. The other sample (Table 4, MFT 092) also had a high
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thorium-to-uranium ratio of near 30 and was in Kroenke Granodiorite near the
head of Waterloo Gulch, a tributary of Texas Creek. The presence of highly
differentiated granitic rocks near the head of Texas Creek could account for
the high uranium values found by Gallagher and others (1977) in stream-

sediment samples farther down Texas Creek.

Several other areas of uranium enrichment were found by our representa-
tive sampling of Precambrian X granitic rocks (Table 4). The most enriched
were a sample east of Garfield with 34 ppm U3 08 and a sample along Canyon
Creek west of 'hitepine with 17 ppm U308. Two samples of granodiorite in
the Trout Creek area were enriched in uranium, as were samples in the Cement
Creek area, the Star Basin area, and the Browns Pass Quartz Monzonite in the
Sawatch Range.

Uranium enrichment was found in the Denny Creek Granodiorite and in a
rock of syenitic composition in the Emerald Peak and Mount Harvard areas of

the Sawatch Range. Anomalously high radioactivity, found during our radiomet-
ric reconnaissance by helicopter, occurs in an area at least 100 m long on the

east side of Emerald Peak. This area in Denny Creek Granodiorite was sampled
and uranium was found (App. C, Occurrence 83) in a migmatitic zone, rich in
potassium feldspar, which is characterized by abundant biotite segregations in
a schlieren form. A sample (MFT 095) from this occurrence had a chemical ura-

nium content of 71 ppm. The thorium-to-uranium ratio of the sample was about
normal for mantle-derived rocks. This occurrence possesses some characteris-

tics of orthomagmatic deposits; however, it is probably a contact-metasomatic
deposit because of the metamorphism it displays. A uranium occurrence (App. C,

Occurrence 85) south of Mount Harvard was found in a glacial cobble of syenit-
ic composition which contained uranothorite or uraninite (App. D). A sample
(MFT 364) had 900 ppm U308 and 250 ppm equivalent thorium. The host plu-
ton for this occurrence is unknown; it may be from a granitic unit to the

north on Mount Harvard.

Two areas of granitic rocks mapped as Precambrian Y and X ages were
sampled and found to be slightly to moderately enriched in uranium. The
Precambrian YX area around Spring Creek, northeast of Gunnison, was moderately
enriched and the YX rocks northeast of Buena Vista were slightly enriched in

uranium (Table 4).

The younger intrusive rocks of Precambrian Y age are generally of quartz
monzonitic composition. They were more shallow posttectonic intrusions that

are unfoliated. These rocks would be expected to contain more than average
uranium concentrations for plutonic rocks, like their contemporaneous coun-

terpart, the uranium-enriched Silver Plume Granite in the Front Range of
Colorado. All rocks that we sampled of Precambrian Y age, except one sample,
were low or near average for uranium in plutonic rocks. The Vernal Mesa and
Curecanti Quartz Monzonites in the western part of the Gunnison Uplift had no

uranium enrichment, not even in an alaskitic facies of the Curecanti, except

for one sample at the Curecanti Needle which had 11 ppm U 3 08 and 8 ppm
equivalent uranium (Table 4). A small syenite body along the Cimarron Fault

was slightly enriched in uranium (Table 4).

Cambrian intrusive Rocks. The alkalic complex at Iron Hill and associ-
it td thorium-bearing veins to the northwest cover about 30 km2 in the south-
central part of the quadrangle in what is commonly known as the Powderhorn
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district. These rocks are Early Cambrian in age (Olson and others, 1977) and
are the only exposed Paleozoic intrusions in the quadrangle.

The Iron Hill alkalic complex consists of a central carbonatite stock, a

wide variety of exotic alkaline rocks around the stock, carbonatite dikes

which radiate from the central stock, and numerous thorium-bearing veins to

the northwest away from the complex. The parent massive carbonatite intrusion

at Iron Hill is the largest exposed in the United States; it is mantle derived
and has some of the favorable characteristics for orthomagmatic uranium depos-
its. The main carbonatite and a pyroxenite body on its east side were the

primary rocks of the complex; these primary rocks created a wide variety of

alkaline rocks (Pl. 7) through fenetization or alkali metasomatism (Temple and

Grogan, 1965). The associated ring dikes and thorium veins also possess some
favorable criteria for orthomagmatic deposits. All the rocks in the complex
are enriched in uranium; however, they do not contain a sufficient grade or

amount to be favorable for uranium deposits.

The primary carbonatite body was evaluated by Armbrustmacher (1979) for

its thorium content; he found an average of 36.2 ppm thorium in the body. He
also found that the carbonatite body contained about three times as much

equivalent uranium as in average plutonic rocks (4 ppm U308). A sample we
took (MFT 073) in a slightly more radioactive part of the carbonatite body had
21 ppm U308 and 570 ppm equivalent thorium (App. C, Occurrence 65). Ura-
nium, thorium, niobium, and rare-earth elements in the carbonatite occur

mainly in pyrochlore (Armbrustmacher, 1979). The low-grade uranium and thorium
could be developed as a byproduct if the large reserves of columbium and tita-
nium in the carbonatite body were mined.

Gamma-ray spectrometers were used to check the pyroxenite and other exot-

ic alkaline rocks around Iron Hill for anomalously high uranium values. No

high uranium values were detected, except for a small area in fenite west of
Iron Hill. The sample (MFT 042) we took from this area had 280 ppm U308
and 23 ppm equivalent uranium. (This large difference suggests a possible
analytical error.)

Numerous carbonatite dikes, the most radioactive units in the complex,

represent a later stage of differentiation of the magma. They occur within a
4-km radius of Iron Hill, are in most cases less than 1 m wide, and intrude
all rocks of the complex. The most radioactive dikes weather to a chocolate-
brown color; less radioactive, to buff or rusty-yellow colors (Hedlund and

Olson, 1961).

We checked many of the carbonatite dikes for anomalously high uranium
values, using a gamma-ray spectrometer. Only two (about 10% to 20%) of those

we checked had high values; these two intruded pyroxenite about 2 km east of
Iron Hill. Samples MFT 041 and 075 from these two dikes had 290 and 86 ppm
U308 , respectively. The equivalent uranium value for sample MFT 041 was 18
ppm; the large difference between chemical and equivalent uranium values sug-
gests a possible analytical error. The dike at sample MFT 075 was composed
mainly of siderite. Dikes at both sample points could be followed only a short
distance (10 to 20 m). The third dike sampled, which was not anomalously high,
had 5 ppm U308; this amount may be considered to represent an average ura-
nium value for the majority of the carbonatite dikes.
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TABLE 4. SELECTED RESULTS OF ANALYSES OF REPRESENTATIVE ROCK SAMPLES
FROM INTRUSIVE IGNEOUS ROCKS IN THE MONTROSE QUADRANGLE

Sample cU 308  eU eTh K

Formation or Unit* No. (ppm) (ppm) (ppm) (%) eTh/eU Comments

Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Precambrian X granite
Pitts Meadow Granodiorite
Pitts Meadow Granodiorite
Granite of South Beaver Creek
Powderhorn Granite

Granite of Wood Gulch
Quartz monzonite of Cochetopa Creek
Quartz monzonite of Cochetopa Creek
Browns Pass Quartz Monzonite
Kroenke Granodiorite
Kroenke Granodiorite
Precambrian YX granite
Precambrian YX granite
Precambrian YX granite
Vernal Mesa Quartz Monzonite
Vernal Mesa Quartz Monzonite
Vernal Mesa Quartz Monzonite
Curecanti Quartz Monzonite
Curecanti Quartz Monzonite
Curecanti Quartz Monzonite
Syenite
Laramide intrusive rocks
Laramide intrusive rocks
Laramide intrusive rocks
Laramide intrusive rocks
Mount Pomeroy Quartz Monzonite
Mount Pomeroy Quartz Monzonite
Mount Pomeroy Quartz Monzonite
Twin Lakes Granodiorite
Twin Lakes Granodiorite

MFT 227
lIFT 263
MFT 313
MFT 334
MFT 358
MFT 359
MIFT 361
MFT 187
MFT 352
MFT 179
MFT 344
MFT 240
MFT 301
MFT 001
IFT 008
MFT 044
MFT 065
MFT 194
MAL 427
MFT 287
LIFT 158
MFT 092
MFT 096
MFT 186
LIFT 379
"iFT 306
MFT 004
LIFT 014
lIFT 015
MFT 068
MFT 114
MFT 115
MFT 063
MFT 010
LIFT 058
MFT 024
MFT 079
MFT 099
MFT 162
MFT 165
MFT 091
MFT 355

6
5

34
17

2
4
7
3
3
4
6

20
11

2
4
4
11

2
4

11
6
6

1
11

10
4

20
5

3
4

24
12
9

12
6
3
3

10
19
12
18

2
2
1
3
2

4
8
2
5

17
5

10
4
5
1
2
6
8
8
3
3
2
2
9
8

18
7
2

92
22
28
33
30
30
12
25

2
24

5
20
49

7
12

6
15
14

18
57
59
22
30
28
55
12

6
2

18
20
24
44
11
11
9

16
43
33
63
14

2

5.1
2.7
5.1
4.1
4.5
4.6
4.5
4.5
3.3
4.4
4.3
4.8
1.4
2.5
1.4
1.5
4. 1
3.9

3.4
4.6
4.2
3.8
4.0
5.3
5.1
3.3
3.5
3.8
2.8
4.2
4.3
3.6
3.2
0.6
2. 1
2.6
4.0
3.8
4.4
4.1
2.7

30.7
5.5
1.2
2.8
3.3
2.5
2.0
8.3
0.7
2.4
0.3
1.7
2.7
3.5
6.0
6.0
5.0
7.0

4.5
7. 1

29.5
4.4
1.8
5.6
5.5
3.0
1.2
2.0
9.0
3.3
3.0
5.5
3.7
3.7
4.5
8.0
4.8
4. 1
3.5
2.0
1.0

West of Sargents
Old Monarch Pass
Garfield area
West of Whitepine
Broncho Mountain area
Broncho Mountain area
Broncho Mountain area
Union Canyon area
Taylor Canyon area
Cement Creek area
Star Basin area
Granodiorite, Trout Creek area
Granodiorite, Yard Mine area

Aberdeen Quarry

Los Ochos Mine area

Spring Creek area
North of Buena Vista
Northeast of Buena Vista

Albite alaskite facies

Lake Fork of Gunnison River area
Rhyolite at McKenzie Butte
East part of McKenzie Butte intrusion
Granodiorite near the Blowout
Granodiorite at Ramshorn Ridge

Near Pride of the West Mine
Normal facies



Granodiorite MFT 094
Rhyolite porphyry MFT 093
Rhyolite porphyry MFT 155
Mount Princeton Quartz Monzonite MFT 082
Mount Princeton Quartz Monzonite MFT 159
Mount Princeton Quartz Monzonite MFT 097
Mount Princeton Quartz Monzonite MFT 383
Mount Princeton Quartz Monzonite MFT 117
Mount Princeton Quartz Monzonite 1FT 098
Tincup Quartz Monzonite Porphyry MFT 338
Mount Aetna Quartz Monzonite Porphyry MFT 126
Mount Aetna Quartz Monzonite Porphyry MFT 257
Mount Aetna Quartz Monzonite Porphyry MFT 262
Mount Antero Granite MFT 085
Mount Antero Granite MFT 120
Mount Antero Granite MFT 380
Mount Antero Granite MFT 381
Mount Antero Granite MFT 136
Mount Antero Granite MFT 255
Mount Antero Granite MFT 118
Mount Antero Granite MFT 119
Raspberry Gulch rhyolite porphyry MFT 384
Rhyolite MFT 234
Obsidian MFT 236
Turquesa gabbro MFT 387
Spring Creek rhyolite MFT 276
Spring Creek rhyolite MFT 390
Porphyry Peak rhyolite MFT 391
Granodiorite MFT 241
Rhyolite MFT 356
Granodiorite MFT 176
Rhyolite porphyry MFT 147
Rhyolite porphyry MFT 149
Rhyolite porphyry MFT 150
Alaskite MFT 145
Quartz monzonite porphyry MFT 177
Quartz monzonite MFT 217
Monzonite MFT 210
Rhyolite MFT -144
Granodiorite MFT 215
Granodiorite MFT 214
Granodiorite MFT 212
Granodiorite MFT 208
Granodiorite MFT 201
Rhyolite MFT 206
Granodiorite MFT 173
Granodiorite MFT 167
Granodiorite MFT 166
Granodiorite MFT 170
Rhyodacite MFT 099

4
7

17
10
8

11
8

10
7

21
6
4

10
24
14
8

31
15
22
32
4
6

23
14
4

26
16
5

11

14
33
33
12
20
4

10
3
3
2
2
3
1

13
<1
2

<1

1
4

21
6
5
6
6
6
6

23
5
4

10
9
8

13
27
14
18
33
8
5

17
14
5
6
7
4
8
2

26
33
45
10
5
2
2

10
3
3
2
2
3
2

10
1
1

7
13

170
23
22
20
27
29
31

45
26
19
23
27
27
61
27
26
17
24
50
34
34
29
35
46
40
17
31
11
52
25
40
6

13
7
7

10
13
10
8
9

10
4
8
2
3
2
3

2.2
4.1
4.8
3.3
3.3
3.3
3.3
3.7
4.1

5.0
3.5
3.9
3.9
4.0
4. 1
4.1
3.6
4.0
3.8
3.9
4.9
3.9
4.0
2.7
4. 1
4.3
5.2
3.1
4. 1
3.0
4.1
3.6
4.3
5.8
3.1
3.2
2.3
0.4
3.6
3.1
3.0
2.7
3.0
3.1
2.9
2.8
2.8
2.1
2.0

7.0
3.2
8.1
3.8
4.4
3.3
4.5
4.8
5.2

2.0
5.2
4.8
2.3
3.0
3.4
4.7
1.0
1.8
0.9
0.7
6.2
6.8
2.0
2.1
7.0
7.7
5.7
4.2
3.9
5.5
2.0
0.8
0.9
0.6
1.6
3.5
3.5
1.0
4.3
3.3
4.0
4.5
3.3
2.0
0.8
2.0
3.0
2.0
3.0

Southeast of Winfield
South of Winfield
Mount Belford

Clover Mountain
Shavano area

Normal phase
Normal phase
Normal phase
Normal phase
Normal phase
Normal phase
Porphyritic phase
Fine-grained phase

Ruby Mountain
Bald Mountain

Chicago Mine area

Tracy Canyon area
Boston Peak
White Rock stock
Dike related to White Rock stock

Dike related to White Rock stock
Dike related to White Rock stock

Dike in Paradise stock
Augusta stock
Augusta stock
Ruby Peak stock
Mount Emmons
Gothic Mountain
Carbon Peak
Mount Axtell
Marcellina Mountain
West Beckwith Peak
Sheep Mountain
Mount Gunnison
Mount Guero
Tater Heap
Landsend Peak
Crawford area

*Arranged approximately from oldest to youngest, in reverse of Plate 7.



The thorium-bearing veins are the most radioactive in the Powderhorn dis-
trict. They occur 2 to 20 km northwest of the Iron Hill complex. The veins
are tabular, steeply to vertically dipping bodies about 0.1 to 2.0 m thick,
which were emplaced in shear or breccia zones in Precambrian rocks. These
veins probably represent a later stage of differentiation of the carbonatite
mass at Iron Hill. The high radioactivity of the veins is mainly due to the
presence of thorite and thorogummite. Gangue material in the veins consists
of quartz (in many places metamict), carbonate minerals, potassic feldspar,
barite, and iron oxides.

We checked by gamma-ray spectrometer many of the thorium-bearing veins
for anomalously high uranium values. Two veins that had high uranium values
were sampled and several other representative samples were taken from veins
that had lower uranium values. Sample MFT 066 (App. C, Occurrence 59) came
from a quartz vein that had 270 ppm U308 and 4,800 ppm equivalent thorium.
Sample MFT 040 (App. C, Occurrence 60) was taken from vein rock composed main-

ly of specularite-chalcedony that had 2,300 ppm U308 and 6 ppm equivalent
thorium; this occurrence may be related to a nearby small syenite intrusion.

Neither vein with these high uranium values could be traced for more than 50
m. Our sampling indicated an average value of 15 to 30 ppm U3 08 for the

thorium-bearing veins.

Results from sediment samples taken during the HSSR survey in the
Powderhorn district are characterized by slightly elevated thorium and uranium
values. Sediment samples in the area also have high values of barium, cal-
cium, niobium, strontium, titanium, and rare-earth elements. Two anomalies
(no. 160 and 172) from the airborne gamma-ray and magnetic survey for the
quadrangle (geoMetrics, Inc., 1979) are situated over areas of thorium-bearing
ve ins.

Olson and others (1977) note that several thorium-bearing veins are
sparsely distributed east of the Powderhorn district in Saguache and Gunnison
Counties. The three localities of thorium veins mentioned were the Razor Creek
and Jacks Creek areas, and an area south of Whitepine. These scattered thorium

occurrences reflect local alkalic magmatism during Cambrian time. The thorium
veins were formed in extensive, deep fractures that indicate crustal tension

or shear (Olson and others, 1977).

We found high thorium and some high uranium concentrations in the three
areas just mentioned. In addition, we found a thorium-uranium occurrence in a

very small carbonatite body near Quakey Mountain northwest of Sargents (App.
C, Occurrence 74), a sample from which had 8,900 ppm equivalent thorium and 85
ppm equivalent uranium. The thorium-uranium occurrence in the Razor Creek area
is on the Lucky Friday Claim (App. C, Occurrence 127), a sample from which had

1,300 ppm equivalent thorium and 100 ppm U308. A thorium occurrence, the
Barium Lode, in syenite in the Jacks Creek area was sampled (MFT 270) and had
300 ppm equivalent thorium and only 6 ppm U308. The thorium-uranium oc-
currence south of Whitepine is at the Big Red No. 39 prospect (App. C,
Occurrence 77), a sample from which had 1,000 ppm equivalent thorium and 640
ppm U308. All of these occurrences are too small to meet the size criteri-

on for uranium favorability. These occurrences and the generally high thorium
values in sampled granitic rocks of Precambrian X age east of Gunnison suggest

the possibility of an alkalic magmatic source somewhere in the east-central
part of the quadrangle.
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Upper Cretaceous to Miocene Intrusive Rocks. Intrusive rocks that formed

in the quadrangle during the Laramide orogeny are mainly granodioritic in com-

position. These intrusions, of Late Cretaceous to middle Eocene age, occur as

small stocks, dikes, and sills in the southwest part of the quadrangle. They

are epizonal and syntectonic, and lack most of the favorable characteristics

for orthomagmatic deposits. Although the uranium values are low for the sam-

ples we took in the Laramide intrusions in the Ouray area (Table 4), the in-
trusives may represent a source of uranium for magmatic-hydrothermal vein

deposits. The Blowout intrusion northeast of Ouray and its associated vein-

type uranium deposits are examples of such an environment.

Most Tertiary intrusive rocks in the quadrangle represent the late Eocene

through Oligocene, a period of intense magmatism along the Colorado mineral
belt. Intrusions of these ages are found mainly in the Sawatch Range, the Elk

and West Elk Mountains, and the Bonanza area. The plutonic igneous rocks are

an expression of two shallow batholiths along the Colorado mineral belt, one

in the San Juan Mountains and the other in the Elk Mountains and Sawatch

Range.

The main intrusive bodies in the Sawatch Range are the Twin Lakes stock

and the Mount Princeton batholith, both of which possess many of the charac-
teristics favorable for orthomagmatic deposits; however, their uranium content

is too low. This area of the Sawatch Range has undergone extensive base- and

precious-metal enrichment as a result of these intrusions.

The southern part of the Twin Lakes stock is exposed along the northern
edge of the quadrangle around Winfield. The epizonal stock is composed of por-
phyritic granodiorites, quartz monzonites, and later rhyolites and granites;

most of the magma was relatively dry, with a high fluorine content (Ranta,
1974). Despite these favorable characteristics, we found no anomalously high
radioactivity in the various phases of the stock; sample MFT 091, in the
normal porphyritic phase, had 5 ppm U308  and 7 ppm equivalent uranium
(Table 4). Magmatic-hydrothermal uranium occurrences in the stock at the
Banker and Swiss Boy Mines (App. Al, Occurrences 80 and 81) had their sources

of uranium in the intrusion.

Southeast of Winfield, two small dikes or pluglike bodies of rhyolite

porphyry of mid-Tertiary(?) age had uranium values that were slightly high
(Table 4, samples MFT 093 and 155). The rhyolite body on Mount Belford had 17
ppm U30 8, the higher uranium value of the two.

The Oligocene Mount Princeton batholith is centered southwest of Buena

Vista and is about 30 km in diameter. It is the expression of a much larger
batholithic body underlying most of the central Sawatch Range and the Elk

Mountains. The batholithic complex consists of six rock units, from oldest to
youngest (Thompson and Pulfrey, 1973): Mount Pomeroy Quartz Monzonite, ande-
site, Mount Princeton Quartz Monzonite, quartz latite porphyry, Mount Aetna
Quartz Monzonite Porphyry, and Mount Antero Granite.

The Mount Pomeroy Quartz Monzonite, the oldest intrusion in the batho-

lith, is also the most calcic. It is weakly chloritized and epidotized, and
is finer grained than the later intrusions. The samples we took in this unit
showed uranium enrichment despite the lack of some favorable characteristics.
Equivalent uranium content of our three samples varied from 8 to 18 ppm.
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The Mount Princeton Quartz Monzonite has the widest extent of the intru-
sions composing the batholith. It is gray, even textured to slightly por-
phyritic, and slightly enriched in uranium. The six samples we took had a
consistent concentration of 6 ppm equivalent uranium and varied from 7 to 11
ppm U308 (Table 4). This large intrusive body is probably the source for
vein-type uranium deposits west of the batholith. Rich and others (1975) note
a strong correlation between vein uranium deposits and granites that contain
more than 5 ppm uranium.

The Mount Aetna Quartz Monzonite Porphyry contains large orthoclase phe-
nocrysts and is conspicuously porphyritic. It originated in part as a ring-
fracture filling around a postulated caldera near Mount Aetna north of

Garfield (Toulmin, 1976). The uranium contents varied in our samples: the
highest uranium value was in a sample from a dikelike body on the Continental

Divide at Clover Mountain (Table 4, sample MFT 126). None of the other dike-
like bodies examined or sampled had uranium enrichment to this extent.

The Mount Antero Granite, a leucogranite that occurs as two stocks, rep-

resents the latest stage of magmatic differentiation of the quartz monzonitic
magma composing the Mount Princeton batholith. Miarolitic cavities and vapor-
phase minerals developed in the upper part of the granite, indicating a low
confining pressure during crystallization of the water-deficient magma
(Thompson and Pulfrey, 1973). The presence of miarolitic cavities in the Mount
Antero also indicates that a separate aqueous phase did not develop during

crystallization, so that most of the uranium probably remains in the intrusion
(Mathews, 1978b). Except for molybdenum and uranium, trace metals in the
Mount Antero are lower than felsic igneous rock averages. Our sampling of the
several phases of the Mount Antero Granite, as mapped by W. N. Sharp (1976),
indicated significant enrichment of uranium in both stocks (Table 4).

The Mount Antero Granite demonstrates most of the favorable characteris-
tics for orthomagmatic uranium deposits; however, its average uranium concen-

tration does not approach 100 ppm. The granite is an excellent source of
leachable uranium for possible vein-type deposits in the surrounding area. In

HSSR stream-sediment sampling of the quadrangle, the largest group of samples
having high uranium contents clustered in an area northeast of Mount Antero.

Analysis of this anomalous area by the BFEC Data Integration Group indicates
that uranium associates strongly with thorium and lanthanide elements, sug-

gesting that a significant part of the uranium is in refractory minerals.
This would indicate that the large anomalous area may merely represent recent
heavy-mineral placers from a Mount Antero source.

Small late-stage rhyolitic intrusive bodies were sampled on the northeast
side of Mount Antero (Raspberry Gulch rhyolite porphyry) and in the Ruby and
Bald Mountain areas southeast of Buena Vista. The rhyolites from these areas
contained the expected amounts of uranium from these rock types (4 to 8 ppm
U3 08 ). Obsidian sampled from Bald Mountain had a high uranium content

(Table 4, sample MFT 236), possibly indicating the original uranium content of

the magma preserved in a vitrophyre.

Several intrusive bodies were sampled in the Bonanza caldera area in the
southeast part of the quadrangle. The Turquesa gabbro in the eastern part of
the caldera system was slightly enriched in uranium. The Spring Creek and
Porphyry Peak rhyolites were also enriched in uranium (Table 4). They and
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other late-stage rhyolite bodies around the Bonanza caldera may contain ura-

nium deposits similar to those in the Lake City rhyolites.

The principal Oligocene intrusive bodies in the portion of the Elk

Mountains in the quadrangle are the White Rock and Paradise stocks, the
Italian Mountain intrusive complex, several stocks in the Ruby Range, and sev-

eral rhyolite bodies. The uranium content of these intrusions is lower than
of those in the Sawatch Range, possibly because of their greater distance from
an underlying parent batholith in the central Sawatch Range.

The largest intrusion in the Elk Mountains, the White Rock stock, is de-

pleted in uranium; however, several late-stage rhyolite porphyry dikes in and
near the stock are enriched in uranium (Table 4, samples MFT 147, 149, and
150). Late-stage alaskitic dikes in the Paradise stock north of Crested Butte
are slightly enriched in uranium. Scintillometer readings from traverses over

parts of the Italian Mountain intrusive complex and the Paradise stock indi-

cate that these bodies are not enriched in uranium. The rhyolite body forming
Boston Peak in the southern Elk Mountains is slightly enriched in uranium.

The monzonite and quartz monzonite that compose the stocks in the Ruby

Range are commonly depleted in uranium, except for a quartz monzonite porphyry
body in the Augusta stock (Table 4, sample MFT 177). A rhyolite body west of
Crested Butte on the north side of Mount Emmons is slightly enriched in ura-
nium.

Numerous granodiorite plutons of Oligocene age comprise the northern part

of the West Elk Mountains. The intrusions consist of stocks and related dikes,
laccoliths, and sills. Analysis of our numerous samples from these intrusive

bodies indicates that these intrusions are depleted in uranium. This deple-
tion is probably due to the intermediate composition of these bodies and their
greater distance from a batholithic source in the Sawatch Range.

Intrusive rocks of Miocene age in the quadrangle are minor basaltic bod-
ies, which are depleted of uranium, and the late-stage rhyolite bodies related
to the Lake City caldera, which are discussed in the section on hydroauthi-
genic uranium deposits.

Pegmatitic Environment

During the pegmatitic stage of magmatic differentiation, uranium becomes

concentrated in residual melts; in the crystallization process it is bound

chiefly in uranium-bearing minerals such as euxenite, allanite, and branner-
ite. Some of the uranium is also contained in accessory minerals such as apa-
tite or zircon. Uraniferous pegmatites may form in parent plutonic bodies or
may be injected into surrounding country rock.

Four areas in the Montrose Quadrangle contain either zoned or simple peg-

matites that occur in granitic or metasedimentary rocks of Precambrian X age.
These areas are the Quartz Creek pegmatite district, the Trout Creek pegmatite

district, the Marshall Pass district, and the Black Canyon of the Gunnison
River area. Uranium in pegmatites in some of these areas is mainly in small,
discontinuous pods that contain the uranium-bearing minerals euxenite,
columbite-tantalite, and pyrochlore. These small pods often contain extremely
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high grades of uranium (up to 6% uranium), but they are widely scattered
throughout the pegmatites. Some radioactive minerals found in selected pegma-
tites in the quadrangle are listed in Table 5.

The pegmatites in the quadrangle are unfavorable for uranium deposits be-
cause the distribution of the small radioactive pods is too scattered to
constitute a uranium deposit of greater than 100 tons. Other unfavorable char-
acteristics of the pegmatites are that most of them are zoned, and that they
are not usually associated with a pluton enriched in uranium. (Most of the
uranium-enriched plutons in the quadrangle are of mid-Tertiary age.)

Uranium occurrences at three localities exhibit some favorable character-

istics for pegmatitic deposits. These localities are the Brown Derby Mine in
the Quartz Creek pegmatite district, the Yard Mine in the Trout Creek pegma-

tite district, and the Hidden Reserve Claim group in the Marshall Pass dis-
trict.

The Brown Derby Mine (App. C, Occurrence 70), about 25 km east of
Gunnison, was developed in a lenticular and branching pegmatite that cuts
metadiorite of Precambrian X age. The mine produced 400 tons of lepidolite
and microlite which contained 4,000 lb of tantalum-205 and 238 lb of U308
(Nelson-Moore and others, 1978). Uranium was associated with the microlite.

The pegmatite is zoned with a core of lepidolite, quartz, and cleavelandite,
and a wall zone of albite and quartz (Staatz and Trites, 1955). Chip samples
(MFT 198 and 199) of two radioactive minerals at the Brown Derby Mine were
found by the BFEC Mineralogy and Petrology Laboratory to be composed of pyro-
chlore and uranopyrochlore. These samples contained about 6% and 4% uranium,
respectively. The radioactive zone at the Brown Derby is along the margin of
the pegmatite; only minor radioactivity was noted in the core. The small
amount of pyrochlore that contains uranium would not meet the minimum size re-
quirement for a favorable environment containing uranium deposits.

Uranium could be recovered only as a byproduct from feldspar, beryl, or
rare-earth mineral production in the Quartz Creek pegmatite district. These
pegmatites may be related to the granite of Wood Gulch, a pluton to the south,
which is somewhat depleted of uranium (Table 4, sample MFT 194).

The Yard Mine (App. C, Occurrence 86), about 8 km east of Buena Vista,

was developed as a feldspar mine in an irregularly shaped pegmatite in grano-
diorite of Precambrian X age. Heinrich (1948) reported that many specimens of
euxenite and monazite of museum quality were found there. We found euxenite,
as had previous workers, in small, widely scattered pods in the zoned pegma-
tite near the contact between the feldspar core and the quartz-feldspar zone.
The uranium content of one anomalously radioactive area that we sampled (MFT
300) was 2,000 ppm U308. Radioactive minerals other than euxenite were
also found at the mine (Table 5). The scattered pods of euxenite and other
radioactive minerals at the Yard Mine do not have adequate tonnage to be con-
sidered favorable for uranium deposits; uranium could possibly be recovered as
a byproduct of feldspar production. Several other pegmatites in the Trout
Creek district contain small segregations of radioactive minerals. The grano-

diorite pluton forming the country rock of much of this area is slightly en-
riched in uranium (Table 4, samples MFT 240 and 301).
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TABLE 5. SOME RADIOACTIVE MINERALS IDENTIFIED IN SELECTED PEGMATITES IN THE
MONTROSE QUADRANGLE USING X-RAY DIFFRACTION AND SEM/EDS ANALYSES

Uranium
Occurrence Pegmatite or
Number Mine Name District or Area Radioactive Mineral(s)*

68 Pegmatite No. 783 Quartz Creek pegmatite district Brockite
Greyite
Calcium-thorium-phosphate mineral

69 Opportunity No. 1 pegmatite Quartz Creek pegmatite district Microlite
70 Brown Derby Mine Quartz Creek pegmatite district Pyrochlore

Uranopyrochlore
71 Willow Creek Mine Quartz Creek pegmatite district Struverite

Uranopyrochlore
Monazite

86 Yard Mine Trout Creek pegmatite district Euxenite
Uraninite
Monazite

Complex oxides
88 Unknown Trout Creek pegmatite district Monazite

Thorite
89 Unknown Trout Creek pegmatite district Monazite

Euxenite
96 Bonus Extension Mine Sedalia district Ixiolite

Columbite-tantalite
139 Hidden Reserve Claim group Marshall Pass district Zircon (thorium-bearing)

Xenotime (thorium-bearing)
140 Hidden Reserve Claim group Marshall Pass district Yttrocolumbite
147 Unknown Garfield area Monazite

Xenot ime
Thorite

they constitute dominant

v'

*The accessory minerals apatite, zircon, xenotime, and monazite are listed only when
radioactive phases as determined by SEM/EDS analysis.



The Hidden Reserve Claim group (App. C, Occurrences 139 and 140) is in
the eastern part of the Marshall Pass uranium district within Area A (P1. ic),
which is favorable for magmatic-hydrothermal uranium deposits. Prospects on
these claims are in a swarm of northeast-trending pegmatite dikes that cut
pegmatitic granite of Precambrian X age. Zircon, xenotime, and yttrocolumbtte
were the radioactive minerals identified from two samples we took in separate
pegmatites. One sample (MFT 330) had a content of 1,700 ppm equivalent thorium
and 130 ppm U308. The other sample (MFT 331) had a higher uranium content,
9,000 ppm U308 , and an equivalent thorium content of 210 ppm. Uranium and
thorium in these pegmatites appear to be contained chiefly in the accessory

minerals zircon and xenotime; the high uranium content of the latter indicates
that the pegmatites represent a very high degree of magmatic differentiation.
The pegmatitic environment in the area of the Hidden Reserve Claims does not
appear to be favorable for uranium deposits because of the small size of the
pegmatite dikes and the small scattered radioactive areas within them.

Pegmatites about 1 km to the west on the Lookout Claim group have under-

gone enrichment of uranium along fractures and minor faults, possibly related
to the Chester Fault system (P1. Ic). Similar structures affecting the Hidden
Reserve pegmatites could produce secondary uranium enrichment.

Many simple pegmatites in the Black Canyon of the Gunnison River area,
some of very large size, were investigated for anomalous radioactivity. Most
of the pegmatites are in the Vernal and Poverty Mesa areas and are related to
the Curecanti or Vernal Mesa Quartz Monzonite plutons of Precambrian Y age,
which are quite depleted of uranium. None contained significantly high radio-
activity.

Magmatic-Hydrothermal Environment

All fault and fracture systems in the quadrangle except those in the five
favorable areas are unfavorable for magmatic-hydrothermal uranium deposits.
Most of the unfavorable structures either lie outside of the Colorado mineral
belt or developed in late Tertiary time after magmatism related to the mineral

belt had ceased.

Most of the major fault systems, especially those in base- and precious-

metal mining districts, were investigated for characteristics of vein-type
hydrothermal uranium deposits. Areas of hot and cold springs were also inves-

tigated because they could be surface expressions of hydrothermal systems that
might indicate vein-type uranium concentrations. Most of the fault systems
that were checked had no anomalous radioactivity. Many faults hosted uranium
occurrences but were judged to be unfavorable because of the small amount or
sporadic nature of uranium enrichment.

Fault Systems in the Black Canyon of the Gunnison River Area. The Red

Rocks and Cimarron Faults are the major such structures in the Black Canyon of
the Gunnison River area, which is situated on the Gunnison Uplift in the west-

central part of the quadrangle. Both are reverse faults which are subparallel
and have undergone recurrent movement, mainly during the Precambrian, late
Paleozoic, and Laramide orogeny. The Cimarron Fault extends for about 65 km;
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the Red Rocks Fault, about 32 km. Both have wide zones of intensely sheared

and shattered rocks; displacement on the faults is large, ranging up to 1500
m.

No anomalous radioactivity was detected along either major fault zone.

Two minor uranium occurrences (App. Al, Occurrences 5 and 7) were found along
shear zones, possibly related to the major faults.

Although the faults possess the favorable characteristics of recurrent
movement and considerable length and depth, they did not host hydrothermal
fluids which could have provided uranium and other metals to the systems. The
principal reason that the Black Canyon of the Gunnison area is not favorable

is its location outside the Colorado mineral belt, far from sources of uranium
in plutons of Laramide to mid-Tertiary age.

Fault Systems in the Ouray and Ridgway Areas. The structurally complex
area around Ouray in the southwest part of the quadrangle has undergone sever-

al periods of active tectonism and has hosted igneous intrusions of Laramide
to mid-Tertiary age. Some uranium enrichment occurs in this area along fault

and fracture zones; however, only the area on the north side of the Laramide
Blowout intrusion (Area E, P1. lg) is judged to contain sufficient uranium to

be favorable.

Uranium occurs south of Ouray in veins that follow fractures and shear
zones, mainly in slates of the Uncompahgre Formation of Precambrian Y and X

ages. The shales of the formation were slightly enriched in uranium before
they were metamorphosed to slate; however, most of the uranium enrichment in

veins was probably from hydrothermal solutions related to Laramide to mid-
Tertiary igneous intrusions in the area. Uranium occurs with lead, zinc, and

silver in the veins. Pyrite, sphalerite, and secondary quartz comprise the
gangue material of the veins. Samples of vein material that we collected had

up to 1,300 ppm U308  (App. C, Occurrences 114 through 118). Analyses of
our samples by the BFEC Mineralogy and Petrology Laboratory indicate that most

of the uranium is bound in organic complexes; the SEM analysis detected prob-
able uraninite and brannerite in one sample. The vein-type uranium deposits

in slates of the Uncompahgre Formation were judged to be unfavorable because
of the narrow width of the veins and sporadic nature of uranium enrichment
along the veins.

Radioactive tufa deposits around the Uncompahgre hot spring in the south-

west part of the town of Ouray may indicate a buried source of uranium in

vein-type deposits to the south along the Ouray Fault or in buried intrusive
rocks. We found no anomalous radioactivity along the surface extent of the

Ouray Fault. Most of the radioactivity at the spring deposit is due to ra-
dium. The tufa deposit (App. C, Occurrence 15) contains high concentrations
of antimony, arsenic, beryllium, iron, manganese, silver, and tungsten, which
indicate that the deposit is an expression of a hydrothermal system.

Cadigan and Felmlee (1979) sampled the Box Canyon hot springs (the same

spring or very near the Uncompahgre hot spring) along the Ouray Fault during
their study of 33 mineral-rich springs in Colorado, Utah, Arizona, and New

Mexico. They found the Box Canyon spring to be the fifth most likely of all
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the springs sampled to be associated with uranium enrichment. This further
enhances the possibility of the occurrence of uranium at depth along the Ouray

Fault.

The only other area of anomalously high radioactivity (aside from Area E)
along faults or fractures around Ouray is southwest of town in the Hermosa
Formation. Uranium enrichment occurs with base metals in veins that follow
minor faults and fractures in the upper part of the Hermosa (App. Al,
Occurrences 13 and 14). The uranium, which is probably of hydrothermal ori-
gin, may have a source in the Blowout intrusion about 3 km to the northeast.
Uranium in the upper Hermosa is also associated with carbonaceous material in
fluvial channels. This area of minor uranium occurrences is not favorable be-
cause of the small size of deposits and their sporadic distribution along
faults.

The Ridgway Fault is a major east-trending normal fault that formed the
southern boundary of the Uncompahgre Uplift during the Laramide orogeny. We
found no anomalous radioactivity along the fault and saw no evidence for hy-
drothermal alteration along its length. We concluded that the fault is unfa-
vorable for magmatic-hydrothermal uranium deposits because of its distance
from any intrusive rocks that were sources of uranium.

Fault Systems Related to the Rio Grande Rift Zone. The Rio Grande rift
zone is expressed as two fault-bounded grabens (Fig. 2) along the eastern edge
of the quadrangle. The normal faulting that created the rift zone began in

middle Miocene time after intrusive igneous activity had ended in the Sawatch
Range (Knepper, 1974). No anomalous radioactivity was found along the many
normal faults that we checked along the rift zone. Hot-spring areas along
faults bordering the rift also were not highly radioactive. No base-metal de-
posits occur along the fault zones, with the exception of epithermal deposits
of fluorspar in Browns Canyon and at Poncha Springs; no anomalous radioactiv-

ity was found in either area. The faults related to the Rio Grande rift are
unfavorable because they postdate the intrusion and differentiation of plutons
in the Sawatch Range that could have provided a hydrothermal source of ura-

nium.

Cadigan and Felmlee (1979) in their study of 33 mineral-rich springs
found the Poncha hot springs to be the most likely to be associated with ura-
nium enrichment. The structurally complex area south of Poncha hot springs
represents the tectonic junction between two periods and styles of late
Tertiary block-faulting (Knepper, 1974); this structural junction may increase
the chances of vein-type uranium concentration along faults. Despite the ab-
sence of anomalous radioactivity along these faults at the surface, the waters
at Poncha Springs may indicate a buried vein-type or intrusive source of ura-
nium in the area south of the springs.

Other Fault Systems in the Quadrangle. The thrust faults in the Elk
Mountains have no areas of anomalous radioactivity and are unfavorable hosts

for hydrothermal uranium deposits. The principal reason that the faults are
unfavorable is that they preceded the main period of magmatism in Oligocene
time that formed the White Rock stock and the Italian Mountain intrusive com-
plex. The Tincup Fault, a thrust fault along the western edge of the Sawatch
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Range, is unfavorable for a similar reason: it preceded magmatism related to

the Mount Princeton batholith.

With the exception of the favorable areas in the southeastern part of the

quadrangle, normal faults related to the Cochetopa Park and Bonanza calderas
(Fig. 2) are unfavorable hosts for hydrothermal uranium deposits. Most of

these faults are expressions of subsidence that occurred in the later, post-
magmatic stages of caldera evolution. Most faults in the Bonanza caldera con-

tain base-metal enrichment, but have no anomalous radioactivity. These normal
faults are unfavorable because they either developed after magmatism had ended

or were far from plutons that were sources of uranium.

Radioactive Springs along the North Fork of the Gunnison River. A system

of springs in the northwest part of the quadrangle extends from Austin to
Paonia (30 km) along a short length of the Gunnison River and a longer portion

of the North Fork of the Gunnison River. The springs are located near the
northern end of the Gunnison Uplift, but show only a minor relation to fault-

ing associated with the uplift. Enriched in elements typically associated
with hydrothermal fluids, the springs and their precipitates have anomalously
high radioactivity. Although several uranium occurrences were found in this
part of the quadrangle and many of the springs are radioactive, the surface of
the area is unfavorable for hydrothermal uranium deposits because either ura-
nium is not present in sufficient concentrations to meet the minimum-grade re-

quirement or the uranium occurrences are too small to meet the minimum-size
requirement. The springs and their deposits on the surface indicate that a

source of uranium is present somewhere in the unevaluated subsurface; the fol-
lowing brief discussion will summarize some of the evidence that suggests the

presence of uranium in the subsurface.

Cadigan and others (1976) have intensively studied the radioactive miner-

al springs along the North Fork of the Gunnison and in other areas of Colorado

and the western United States. They believe that the springs along the North
Fork are an expression of a still-functioning hydrothermal system and that the

radioactivity indicates a buried thorium-uranium vein-type deposit, possibly
in the Paonia area.

Radium-226 is the major source of radioactivity for the springs and their

travertine deposits (Cadigan and others, 1976). The samples we took at Doughty
Springs (the most radioactive), about 3 km southwest of Hotchkiss, had up to

2,800 ppm equivalent uranium and only about 4 ppm U3 08 . For several kilo-
meters to the west, other springs and their travertine deposits are radioac-

tive. Several flight lines from the aerial gamma-ray and magnetic survey for
the quadrangle (geoMetrics, Inc., 1979) are along parts of the North Fork of
the Gunnison; these lines all show high values of uranium.

Radium-226 is more mobile than its parent, uranium-238; the radium was
transported in the hydrothermal "pipeline" to the surface and precipitated
(Cadigan and Felmlee, 1977). Most of the springs emerge from the basal part
of the Dakota Sandstone or near the base of the I ancos Shale. One radioactive
spring on the Smith Fork (about 5 km south of the North Fork of the Gunnison)
emerges from the Precambrian-Jurassic unconformity along a minor fault. That
the movement of water in the hydrothermal system is apparently updip from east
to west (Cadigan and others, 1976) can be inferred from the hot temperature of
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water from the Col. Chinn well (500 m deep) about 5 km southwest of Paonia;
the water is charged with CO2 and is radioactive.

At least one spring contains abundant radium-228, a thorium daughter
product; the high ratio of radium-228 to radium-226 suggests a magmatic source
for the uranium (Cadigan and others, 1976). A typical hydrothermal suite of
elements (arsenic, barium, beryllium, iron, lithium, molybdenum, and sulfur)
is enriched in the waters and their precipitates. From these data, the source
of the uranium could be either a buried igneous pluton or a magmatic-
hydrothermal vein-type deposit.

We found two minor uranium occurrences (App. Al, Occurrences 1 and 3)
along faults on the Smith Fork and on Smith Mountain, east of Austin. Both
occurrences are near the northern end of the Gunnison Uplift and may indicate
a source of uranium beneath this part of the uplift.

VOLCANOGENIC ENVIRONMENTS

The Montrose Quadrangle contains the northern part of the San Juan vol-
canic field and all or part of six of its calderas. All of the West Elk vol-
canic field is within the quadrangle. Volcanogenic uranium occurrences are
subdivided into four classes (Pilcher, 1978a): initial-magmatic occurrences
which form by liquidus crystallization of uranium in late-stage magmatic dif-
ferentiates; pneumatogenic occurrences which form during primary degassing of
newly emplaced intrusives; hydroauthigenic occurrences which form during high-
temperature devitrification of ash-flow tuffs; and hydroallogenic occurrences
which form from uranium-enriched fluids injected into surrounding country rock

or by syngenetic remobilization by ground water.

All volcanic rocks within the quadrangle, except the rhyolites of the
Lake City caldera, are unfavorable for uranium deposits of the four volcano-
genic classes. The predominant volcanic rocks are ash-flow tuffs of Oligocene
age (Pl. 7), which were investigated for favorable characteristics of the
initial-magmatic, pneumatogenic, and hydroauthigenic classes of uranium depos-
its. Representative samples were taken; selected results of analyses are shown
in Table 6.

Several anomalies were detected from the reconnaissance aerial radiomet-
ric survey (geoMetrics, Inc., 1979) in areas of volcanic rocks. The highest

anomalies were in the Pine Creek Mesa area south of Blue Mesa Reservoir. The
cluster of anomalies shows high values of equivalent uranium and no equivalent
increase in potassium or thorium. A field check of the airborne radiometric
anomalies indicates that they are probably associated with the Sapinero Mesa
Tuff. Several samples of the tuff had anomalously high values of uranium

(Table 6). One sample (MFT 386) also had a high value of thorium.

Eruption of the Sapinero Mesa Tuff coincided with the collapse of the
Uncompahgre and San Juan calderas in the San Juan volcanic field (Steven and
others, 1974). The Sapinero Mesa Tuff, which is estimated to have originally
consisted of a volume of 1000 km3, is a phenocryst-poor rhyolitic welded
tuff with a basal, black vitrophyre. The average thickness in the quadrangle
is 50 m. Although the tuff is slightly enriched in uranium, it does not
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contain a sufficient concentration to be considered favorable for uranium de-
posits. However, it may contain sufficient leachable uranium to be a source

rock for possible uranium occurrences that form by supergene processes.

TABLE 6. SELECTED RESULTS OF ANALYSES OF REPRESENTATIVE ROCK SAMPLES
FROM OLIGOCENE ASH-FLOW TUFFS IN THE MONTROSE QUADRANGLE

Sample cU 3 08  eU eTh K
Formation Number (ppm) (ppm) (ppm) (%)

Cochetopa Park Tuff MFT 369 4 5 20 2.1
Nelson Mountain Tuff MFT 285 5 5 25 3.6
Carpenter Ridge Tuff MFT 035 - 6 18 5.0
Fish Canyon Tuff MFT 036 - 8 32 4.7
Sapinero Mesa Tuff MFT 033 - 18 8 0.0

MFT062* - 8 24 5.0
MFT 386 24 16 100 4.4

Blue Mesa Tuff MFT 060 - 5 29 4.4
MFT 393 10 8 35 4.8

Bonanza Tuff MFT 248 6 5 30 5.3
MFT 392 12 8 52 4.7

Badger Creek Tuff MFT 299 6 3 15 2.6
Wall Mountain Tuff MFT 233 12 8 37 7.5

*Basal vitrophyre

METAMORPHIC ENVIRONMENTS

Uranium deposits in metamorphic environments are divided into unconfor-
mity-related and vein-type deposits (Mathews, 1978b). Unconformity-related
uranium deposits are commonly epigenetic concentrations of primary uranium
minerals in vein and stratabound deposits spacially associated with regional
unconformities. The known unconformity-related deposits are of Proterozoic
age. Vein-type uranium deposits are closely associated with brecciated major
fault systems. The source of the uranium for both types of deposits is uncer-
tain. Like vein-type deposits in Phanerozoic sedimentary rocks, vein-type
uranium concentration appears to be strongly influenced by the lithologies of
the metamorphic rocks.

Metamorphic rocks in the Montrose Quadrangle were examined for possible
unconformity or vein-type uranium deposits and all were found to be unfavor-
able. Four parts of the quadrangle, the Black Canyon of the Gunnison River
area, the Ouray area, the Gunnison gold belt area, and the Salida area, con-
tain metamorphic rocks of Precambrian X and YX (uncertain) ages; those in the
Ouray and Gunnison gold belt areas exhibit some characteristics favorable for
vein-type uranium deposits.

South of Ouray, metamorphic rocks compose the Uncompahgre Formation of
Precambrian Y and X ages. This formation consists principally of white to gray
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massive quartzite beds alternating with dark-green, brown, and gray to black
slate beds. The slates and quartzites were folded during the Precambrian into
a westward-plunging anticline. These rocks are situated on a horst block (the
Sneffels horst) which is bounded on the north by the Ouray Fault. Numerous
faults and veins of probable early to mid-Tertiary age cut the metamorphic
rocks.

Several uranium occurrences are in gray to black argillaceous slates in
the Bear Creek Falls area (App. C, Occurrences 18 through 22). Uraninite is
the principal uranium mineral in the occurrences, which are in small scattered
pods, pyritic veinlets, and narrow quartz veins that contain base metals. The
uranium content of the occurrences ranges from 50 to 1,300 ppm U308. Ra-
dioactivity in the slates, commonly twice the normal background of the area,
indicates a type of uranium enrichment similar to that observed in marine
black shales of Phanerozoic age. The source of uranium is uncertain; possibly
it was introduced during the Oligocene caldera-forming episode in the San Juan
Mountains and the associated faulting and hydrothermal mineralization. Uranium
may have been present in the shale as a syngenetic dissemination that was sub-
sequently remobilized during or after low-grade regional metamorphism and re-
deposited into minor faults and fractures by hydrothermal solutions. The pods
and veinlets that contain uranium in the slates are small and discontinuous;
they are considered unfavorable for uranium deposits of the grade and tonnage
required for favorable environments.

The Gunnison gold belt area is situated generally south of Gunnison. It
contains the Precambrian X Dubois Greenstone which consists of foliated,

greenish-black, fine- to coarse-grained schists and amphibolites of volcanic
origin. Gold-bearing quartz veins and thorium-bearing jasperoid veins occupy
shear zones or fractures in the greenstone. The quartz veins, probably of
Precambrian age, are not enriched in uranium. The jasperoid veins that contain

thorium are probably related to the Iron Hill alkalic complex of Cambrian age.
Many of the thorium veins contain very high-grade concentrations of thorium
but only small amounts of uranium. These veins are discussed in more detail
in the section on the favorable orthomagmatic environments. Radiometric re-

connaissance and rock samples that we took in the gold belt indicate that
veins in the Dubois Greenstone are not favorable for vein-type uranium depos-
its, mainly because of lack of uranium enrichment.

UNEVALUATED ENVIRONMENTS

Unevaluated environments in the Montrose Quadrangle include most of the

subsurface to a depth of 1500 m (5,000 ft), and volcanic rocks in parts of the
La Garita and West Elk wilderness areas and the Powderhorn and Uncompahgre
primitive areas.

SUBSURFACE ENVIRONMENTS

Approximately 35 oil and gas test-well logs, chiefly from the western
third of the quadrangle, were available to the authors for subsurface evalua-

tion. Only 14 of the 35 test wells had gamma-ray logs (Table 7); on' these 14
logs no anomalies were more than twice background. The wells, which are in the
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TABLE 7. LIST OF GAMOA-RAY LCGS FROM OIL AND GAS TEST WELLS IN THE MONTROSE QUADRANGLE

Well No. API* or Log
(P1. 8) Number

1 05-029 06002 00*

2 K 7089 P

3 5296 "R"

4 8310 "R"

5 05-029 05085 00*
R-10,312

6 20879 RN

7 A 6314 "R"

'J

8 K 5803 J

9 6004 N

10 24737 RN

11 05-091 005002 00*

12

13

14

22721 RN

05-051 05002 00*
K 4376 L

K6305 C

Company

Neaves Petroleum
Development Co.

Edward N. Juhan

James M. Cline
Oil Company

James M. Cline
Oil Company

M.R. Wilbanks

R&R Development
Company

Anderson-
Williamson

Odessa Natural
Corporation

Odessa Natural
Corpo ration

Elgin Oil
Company

David Oil
Company

Intrex Oil
Company

Vision Petroleum

Signal Oilfield
Service, Inc.

Location Depth Interval

*American Petroleum Institute identification number.

Well Name

1 Neaves

1 Hackler

1 Cline

1 Gov't

1 McLeod

1 R.E. Wear

1 Meaker

Ruckhorn
8477 Fee #1

Federal
1746-7
Fee #1

1 Catt

County 1/4Sec. Sec. Twp. Rng. Logged (ft) Formations Logged

Delta 6 13S 93W 440-1,985 Mesaverde Formation, Mancos Shale

Delta SWNE 7 14S 93W 294-3,520 Mancos Shale, Dakota Sandstone,
Morrison Formation, Entrada Sandstone

Delta NWSENE 36 14S 94W Surface-329 Mancos Shale, Dakota Sandstone,
Morrison Formation

Delta SWSWNW 31 14S 93W Surface-410 Mancos Shale, Dakota Sandstone,
Morrison Formation

Delta It 51N 7W 124-400 Mancos Shale, Dakota Sandstone,
Morrison Formation, Entrada
Sandstone

Montrose NESW 27 50N lOW 1,000-1,900 Mancos Shale, Dakota Sandstone
Morrison Formation, Entrada Sandstone

Montrose SESWSW 32 50N 9W Surface 1,113 Mancos Shale, Dakota Sandstone
Morrison Formation, Entrada
Sandstone

Montrose SWNW 8 47N 7W 322-4,824 Mancos Shale, Dakota Sandstone,
Morrison Formation, Wanakah
Formation, Entrada Sandstone

Ouray SENW 17 46N 7W 329-3,758 Mancos Shale, Dakota Sandstone,
Morrison Formation, Wanakah
Formation, Entrada Sandstone

Ouray SESESE 7 45N 9W 200-2,001 Mancos Shale, Dakota Sandstone
Morrison Formation, Wanakah
Formation, Entrada Sandstone
Cutler Formation

Ouray 30 45N 9W 0-4,900 Mancos Shale, Dakota Sandstone,
Morrison Formation, Wanakah
Formation, Entrada Sandstone,
Cutler Formation, Hermosa
Formation

Ouray C SESW 35 45N 8W 100-2,413 Cutler Formation, Hermosa
Formation

Gunnison 28 15S 86W 600-3,279 Mancos Shale, Dakota Sandstone,
Morrison Formation

Gunnison C NENE 28 15S 86W 236-3,696 Mancos Shale, Dakota Sandstone

I McClure

1 D. Halls

.1 Dollard

I Stratman



southern part of the Piceance and the eastern part of the Paradox Basins (Fig.
2), penetrated various Paleozoic and Mesozoic sedimentary formations (Table
7). The large distances between wells and the variable drill-hole depths made
lithologic correlations extremely difficult. No drill holes reached a depth
of 1500 m (5,000 ft).

Approximately 17 gamma-ray logs from coal test drill holes (Table 3) ap-
pear in two reports open filed by the U.S. Geological Survey as part of an
evaluation of the Grand Mesa coal field (Eager, 1978 and 1979). The holes,
generally less than 300 m (1,000 ft) deep, were drilled to evaluate coal beds
overlying the Rollins Sandstone Member of the Mesaverde Formation.

The subsurface in the eastern two-thirds of the quadrangle remains almost
totally unevaluated. Drilling has been or is presently being done for explo-
ration for base- and precious-metal deposits. Some exploratory drilling for
uranium is also being done. The results of these drilling programs are pro-
prietary information and not available for this evaluation.

VOLCANIC ENVIRONMENTS

Volcanic rocks in parts of the La Garita and West Elk wilderness areas
remain unevaluated because of their remoteness and the restrictions on access
to these areas. The mineral potential for both areas has been evaluated by
the U.S. Geological Survey and the U.S. Bureau of Mines. Most of these evalu-
ations were based on geochemical analyses of stream-sediment and rock samples.

Samples were checked by a geiger counter for radioactivity in the La
Garita wilderness evaluation (Steven and Bieniewski, 1977). None of the
samples were reported to contain appreciable radioactivity; they were not ana-
lyzed for uranium content. The mineral evaluation for the La Garita wilderness
did not adequately consider possible uranium resources, and the wilderness
area remains unevaluated.

The volcanic rocks in the West Elk wilderness area remain unevaluated be-
cause of the area's restricted access, remoteness, and the generally unfavor-
able characteristics of the volcanic rocks it contains. These rocks consist
almost entirely of thick accumulations of tuff breccias, with local ash beds,
laharic breccias, and lava flows. Small portions of the West Elk wilderness
were examined on foot by the authors.

Volcanic rocks in all of the Powderhorn and part of the Uncompahgre prim-
itive areas (P1. 11) are unevaluated because of their remoteness, the ex-
tremely rugged topography, and restricted access. Tertiary volcanic rocks
consisting of lava flows, tuffs, breccias, and conglomerates cover almost the
entire Powderhorn area. These same rock units were studied outside the prim-
itive area and were found to be unfavorable for uranium deposits.

A mineral evaluation of parts of the Uncompahgre primitive area was con-
ducted by the U.S. Geological Survey and the U.S. Bureau of Mines (Fischer and
others, 1968). The only uranium enrichment that was found in their study was
in late-stage rhyolite bodies related to the Lake City caldera. These uranium-
enriched intrusions are included in favorable Area K (P1. lj) and are dis-
cussed in some detail. This area of rhyolite bodies is the only part of the
primitive area that was evaluated.
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Parts of the Uncompahgre primitive area northeast of Ouray, west of
Ouray, and north of Lake City are unevaluated because of the remoteness, ex-

tremely rugged terrain, and limited access. These portions of the Uncompahgre
primitive area include the Cow Creek, Cimarron Creek, and Upper Dallas Creek
areas which are mentioned in Fischer and others (1968). A thick pile of
Oligocene volcanic rocks, intruded in many places by stocks and dikes of

Oligocene(?) age, cover most of these areas. Based on our field observations

of the same volcanic rocks outside of the primitive area and on the previous

mineral evaluation, the potential for the occurrence of uranium deposits in

the volcanic rocks is low.

RECOMMENDATIONS TO IMPROVE EVALUATION

Several types of additional work in the Montrose Quadrangle would improve

the evaluation. This work includes complete followup of uranium anomalies
detected from the reconnaissance and detailed USSR and aerial radiometric sur-

veys, detailed radon and radium surveys, drilling, and some large-scale geo-

logic mapping.

FOLLOWUP OF ANOMALIES FROM HYDROGEOCHEMICAL
AND STREAM-SEDIMENT AND AERIAL RADIOMETRIC RECONNAISSANCE SURVEYS

The results of the reconnaissance HSSR survey for the entire quadrangle
and the results of a detailed HSSR survey in the Sawatch Range were not avail-
able to the authors in time to allow complete field followup of the detected

anomalies. Only raw data and an interpretation by BFEC's Data Integration
Group were available near the end of the 1979 field season for the reconnais-

sance HSSR survey. A brief field check of these data was conducted. No data
were available to the authors from the detailed Sawatch HSSR study that was

conducted in late 1979.

Clusters of uranium anomalies delineated from the HSSR surveys should be
checked and confirmed by surface radiometric reconnaissance and additional

sampling. Parts of the detailed HSSR survey included sampling in all of fa-
vorable Areas A, D, F, G, H, and L, and parts of Areas B and C. This survey

may further define the extent of the favorable environments and may provide
more understanding of the geochemistry in the favorable areas. In the Marshall

Pass and Cochetopa uranium districts (Areas A and C, respectively), the survey
may aid in the development of geochemical models for structurally controlled

vein-type uranium deposits.

Results both of the reconnaissance aerial radiometric survey for the en-
tire quadrangle and of detailed aerial radiometric surveys in four areas
within the quadrangle were not available to us in time to perform a complete
field check of the detected anomalies. A brief followup of the reconnaissance
anomalies was performed during the late part of the 1979 field season. Also
late in the 1979 season we received preliminary contour maps for the detailed
surveys. These maps showed uranium, thorium, and potassium levels; uranium-
to-thorium, uranium-to-potassium, and thorium-to-potassium ratios; and residu-
al magnetic intensities. We made preliminary interpretations of the contour
maps and conducted very limited followup of the anomalies.
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Adequate interpretation and delineation of areas for followup field
studies would take several weeks. The contour maps of uranium and uranium-to-
thorium ratios proved the most useful during our preliminary interpretations
in delineating areas for followup studies. The contour maps from the detailed
studies may also be useful in future geologic mapping and in the establishment
of background data for specific rock units. Geochemical variation within a
rock unit may possibly be identified by data from these surveys. Changes in
the ratios of thorium to uranium may be especially useful in delineating areas
of late-stage, highly differentiated intrusive bodies such as the Mount Antero
Granite in the Mount Princeton batholith (App. Al, Occurrences 91 and 92).

After the data are interpreted, field work should be conducted to verify
the anomalies. Gamma-ray spectrometers should be used to evaluate the anoma-
lies.

RADON AND RADIUM SURVEYS

Three areas within the Montrose Quadrangle contain radium springs which
may indicate buried uranium concentrations. These areas are the North Fork of

the Gunnison River in the northwest part of the quadrangle, the town of Ouray
in the southwest part of the quadrangle, and the Italian Mountain subarea in
favorable Area B (P1. id, subarea 1).

The studies by Cadigan and others (1976) of the radioactive springs along
the North Fork of the Gunnison River and the results from some of our studies

in the area are discussed in the section on unfavorable magmatic-hydrothermal
environments. A detailed radon and radium survey along the North Fork of the

Gunnison River between Austin and Paonia may be useful in determining the ap-
proximate subsurface location of uranium that is responsible for the high

amount of radium-226 in the radium springs.

Several radioactive hot springs occur in and near the town of Ouray. The
physical and chemical properties of some of the springs are given by Barret

and Pearl (1976). Results of our sampling and of some other studies in the
area of the Uncompahgre hot springs are discussed in the section on unfavor-
able magmatic-hydrothermal environments. Burbank and Pierson (1953) suggest
that the underlying slate beds of the Uncompahgre Formation of Precambrian Y

and X ages may contain uranium that is a source of radioactivity at the hot
springs. The radium in the hydrothermal system could also be a manifestation

of an orthomagmatic uranium concentration in a buried epizonal pluton. A de-
tailed radon and radium survey may be useful in delineating the approximate

location of the source of uranium that is contributing radium to the system of
hot springs.

The Italian Mountain subarea in favorable Area B (P1. Id, subarea 1) con-

tains several radioactive cold springs (App. C, Occurrence 48). These springs
and our sample results from the area are discussed in the section on the
Italian Mountain subarea in favorable Area B. A detailed radon and radium sur-
vey may be useful in delineating the source of uranium that is contributing
radium-226 to the system of cold springs.
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DRILLING

Results of the radon and radium surveys may define smaller areas that

could contain sources of uranium at depth. Drilling in these areas would pro-

vide further information about the ground-water systems that support the ra-
dium springs and about the lithologies of the rocks containing the radioactive
waters. Drill holes should be cored and gamma-ray logged for their entire
lengths. Water from aquifers at several different stratigraphic levels should

be sampled and analyzed.

Lithologic information about the upper Ohio Creek and lower Wasatch
Formations in favorable Area I (P1. la) could be obtained by several shallow
drill holes. In this stratigraphic interval, outcrops that represent alluvial-
fan and fluvial flood-plain environments contain moderate amounts of carbona-

ceous material and minor pyrite in small channels. Uranium occurrences (App.
C, Occurrences 36 through 38) in the small channels are associated with the
carbonaceous material. Subsurface information would further define the size
and distribution of the channel systems within the favorable area.

The shallow drill holes in the Wasatch and Ohio Creek Formations should
be cored, starting very near the surface and extending for the total depth of
the hole into the upper Ohio Creek Formation. The drill holes should be logged
by a KUT probe for their entire lengths.

DETAILED GEOLOGIC MAPPING

Detailed geologic mapping with special emphasis on structural interpreta-

tion would be useful in two areas within the quadrangle: the Broncho Mountain
subarea in favorable Area B (P1. id, subarea 3), and the area of the upper
Texas Creek drainage in the Sawatch Range in the northeast part of the quad-
rangle. Both areas are structurally complex and consist mainly of Precambrian
rocks. Small-scale geologic maps are available for these areas; however,
large-scale mapping at a scale of 1:24,000 would be necessary to define struc-
tural and plutonic features.
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SYSTEM FORMATION OR UNIT
DESCRIPTION"

W SR ES MEMBER

SERIES 3i

SEDIMENTARY ROCKS

QUAOTERNARYQtr Travertine and Tufa Deposits White to gray, porous, hot- and cold-spring deposits, occur mostly in the Ouray areaQUATERARY -and along the North Fork of the Gunnison River

MIOCENE Dry Union and Santa Fe Light-brown, sandy siltstone and interbedded, friable sandstone, conglomerate, and
AND Td Td F volcanic ash Dry Union is present in the Arkansas River Valley, and the generally

PLIOCENE _ rm__nsequivalent Santa Fe is located in the San Luis Valley. 1500 m thick.

04Gray-brown, tuffaceous, well-layered siltstone interlayered with claystone and tuff,
- MIOCENE - Tbcn Browns Canyon Formation arkosic conglomerate at base. Small isolated outcrops in the Browns Canyon fluorspar

district; 0 to 15 m thick.
N >
S OLIGOCENE - Tc Tallahassee Creek Gray conglomerate consisting of pebbles, cobbles, and boulders in tuffaceous matrix

- t Conglomerate'Small remnants are located in paleovalley fill in the Trout Creek area; 105 m thick.

WTMarlstone, oil shale, siltstone, and sandstone. In northwest corner of quadrangle near
OTg Tg Green River Formation its southern depositional edge; 0 to 300 m thick.

W Light-gray to red conglomerate and sandstone with minor mudstone and shale.
EOCENE Tt Tt Telluride Conglomerate Scattered erosional remnants occur in the southwest corner of the quadrangle; 0 to60

m thick.

Varicolored claystone and shale, and minor sandstone and conglomerate Present in
Two Tw Wasatch Formation' the northwest part of the quadrangle, 500 m thick.

PALEOCENE Two Toc Ohio Creek Formation' Sandstone and conglomerate with interbedded shale and siltstone; contains carbona-
ceous material Present in the northwest part of the quadrangle; 120 m thick

White to yellow sandstone with interbedded coal, brown carbonaceous shale, and
Kmv Kf Fruitland Formation green to black shale. Present southeast of Montrose in small erosional remnants (Coal

Hill), 15 mn thick.

White to yellow, fine-grained, calcareous sandstone in upper part, lower part is green
Kmv Kpc Pictured Cliffs Sandstone to yellow, calcareous shale and siltstone Underlies the Fruitland Formation, 60 m

thick

Brown to gray, fine- to medium-grained sandstone and gray shale Coal beds occur
Mesaverde near base; 700 m thick.

Kmv Kmv
Formation Rollins Sandstone Light-gray to white, cliff-forming basal sandstone interbedded with carbonaceousCRETACEOUSRshale and coal; 50 m thick.

Km Km Mancos Dark-gray to black clay shale, local sandy, sity. and calcareous beds of theJuana Lopez
Shale I Juana Lopez Member Present west of the Continental Divide; 1500nthick

Light-gray to light-brown, resistant sandstone, locally carbonaceous, some carbona-()Kd Kd Dakota Sandstone' ceous shale. Basal part locally contains chert-pebble conglomerate. Present west of
O the Continental Divide; 60m thick

Kdb Kbc Burro Canyon Formation Light-gray, lenticular, chert-pebble conglomerate and sandstone, some light-gray to
green claysone. Present in the western third of the quadrangle, 0 to 30 m thick.

SMorrison Brushy Basin Shale' Variegated mudstone, shale, and sandstone; thins eastward.
Jm Jm Formation WFine- to medium-grained, lenticular sandstone with interbedded mudstone and lime-Salt Wash Sandstone stone lenses, wedges out eastward. Total thickness of Morrison about 150 mw

Jmj Jj Junction Creek Sandstone' Light-gray to buff, fine- to medium-grained, quartzose eolian sandstone. Present west
of the Taylor River area; 30 m thick.

JURASSIC Upper Marl Thin-bedded, reddish-brown, calcareous mudstone and siltstone; 12 to125 m thick.

Wanakah Bilk Creek Sandstne Green-gray to buff, fine grained, calcareous sandstone with thin shale partings; 4to8
m thick

Jmw Jw Formation

Pony Express Upper shaly breccia and lower thin-bedded dark-gray to black, dense limestone inter-
Linestne bedded with carbonaceous shale; 8 m thick The Wanakah occurs in the western part ofthe quadrangle and wedges out near the Lake Fork of Gunnison River

Jme Je Entrada Sandstone' White to pink, cross-bedded eolian sandstone. Present in western and north-central
parts of the quadrangle; to 25 m thick

TRIASSIC T- d Tad Dolores Formation Redbrowr, and gray s itstone and sandstone. Present in southwest corner of the

Interbedded arkosic shale, siltstone, and sandstone (lower part; sandstone with minor

PERMIAN Tl Pdc Pc Cutler Formation shale, mudstone, and conglomerate(upper part). Cropsout only in theOuray area;Oto
PERMIAN610 m thick.

iP~~~m [P~~~m Maroon Frain arhcnd gparish-red sandstoe, conlomerate.iand mudstone. Occurs in theIPPm PPm Maroon Formation' north-central part of the quadrangle; 0 to 2900 m thick

Minturn Formation' Gray, yellow, and red sandstone, conglomerate, shale, and local limestone beds[PPm 1Pm Present in the north-central part of the quadrangle and wedges out to the south; 1200
(includes Gothic Formation) m thick.

PENN [PPm P Belden Formation' Dark-grayto black shale, carbonate rocks, and sandstone. Present in the north-central,
SYLVANIAN (includes Kerber Formation) northeast, and extreme southeast parts of the quadrangle; 515 m thick

Green, gray, and red arkosic sandstone, siltstone, and shale with interbedded lime-[Ph [Ph Hermosa Formation' stone and conglomerate. Crops out only in the Ouray area, 450 m thick.

-fPmo Molas Formation Thin to thick lenticular beds of reddish-brown and red shale, sandstone, and chert-
pebble conglomerate. Crops out only in the Ouray area; 12 to 18 m thick

Massive, coarsely crystalline, gray or brownish-gray dolomitic limestone beds (many
MISSIS- fossiliferous with alternating limestone breccias and shales. Crops out in the south-MDr Ml Leadville Limestone' west corner, north-central part, and northeast corner of the quadrangle; scatteredSIPPIAN remnants also occur in faulted areas, 0 to 122 m thick.

Dg Gilman Sandstone Gilman Yellowish-gray sandstone
O Dd Dyer Dolomite Dyer Medium-gray, thin-bedded limestone and dolomite.

N M rChaffee
MOr Gae Parting White to red quarthite sandstone, variegated shales, and brown dolomite and

N group Parting limestone

iDpFormation' The Chaffee Group crops out in the northeast corner of the quadrangle and is also
.a DEVONIAN present in scattered, faulted remnants, 91 m thick

Gray, buff, and white, dense to fine-grained, locally dolomitic limestone with thin,
MOr Do Ouray Limestone shale partings. Crops out only in the Ouray area; 21 m thick

Green, buff, and gray calcareous shale, sandy limestone, and impure sandstone (thin
MOr De Elbert Formation shale and limestone partings), and local. interbedded, lenticular conglomerate beds

Crops out only in the Ouray area. 12 m thick

MOr Of Fremont Limestone Medium-gray. fine-grained dolomite and limny dolomite Occurs in isolated outcrops in
the eastern part of the quadrangle, 0 to 92 m thick.

While, gray, red-brown, or bluish-black quarzite with local thin beds of sandstone,
ORDOVICIAN MOr Oh Harding Sandstone' calcareous sandstone, and shale. Contains abundant fossils, including fish plates

Occurs in isolated outcrops in the eastern part of the quadrangle; 0 to 30 m thick.
Finely crystalline, gray dolomite with abundant chert nodules and stringers at certain

MOr Om Manitou Dolomite' horizons. Crops out mostly in the north-central and northeast parts of the quadrangle,
also present at scattered locations in the southeast corner; 0 to 76 m thick

PeeressFormation dSandstone. shaly sandstone, sandy shale, calcareous shale, impure limestone, andPeeress ormaionsandy dolomite.

CAMBRIAN MCr Cs Massive, white or light-brown, fine-grained quartzite, underlain by brown and
Swatch Quartzite greenish-brown, thin-bedded sandstone, underlain by thin- to medium-bedded, white

quartzite and a basal conglomerate Crops out on the west side of the Sawatch Range
and in the northeast corner of the quadrangle; 90 m thick

Pal Undifferentiated Paleozoic Formational units are indistinguishable because of metamorphism, rocks are mostly
Sedimentary Rocks marble

'Contains uranium occurrences.
*Where a range in thickness is not given, a maximumthickness is shown

METAMORPHIC ROCKS IN THE MONTROSE QUADRANGLE

SYSTEM OR FORMATION OR UNIT
S PRO DESCRIPTION

MEMBER OR
SERIES SUBDIVISION

VOLCANIC ROCKS

0
0
N
0
Z
W
U

w
H-

MIOCENE

OLIGOCENE

Local rhyolite and quartz lalite flows and tuffs followed by basalt flows Present in theTbb Th Hinsdale Formation south-central part of the quadrangle

Tbr Thr Rhyolite' Buff, gray, and white plugs, sills, and irregularly shaped intrusions of silicic alkalic
ina y rhyolite containing 101. to 20 U phenocrysts Present north of the Lake City caldera

T Quartz latite of Light-gray, porphyritic quartz latite in a single, unaltered flow Present along the'S 9 o Grassy Mountain eastern edge of the Lake City caldera.

.q g ' Quartz latite of Dome and flow of porphyritic quartz latite similar to the overlying Grassy Mountain
io Red Mountain quartz latite. Present in the eastern part of the Lake City caldera.

o .m Sunshine Peak Rhyolite ash-flow sheet containing silicic, alkalic, rhyolitic tuff and local lenses of
Taf Tsp >J Tufflandslide breccia interfingering with precaldera megabreccia. Present southwest ofpTuffLake City.

Dense, black, resistant lava flows and interbedded tuffs, breccias, and volcanic con-Tbb Tbb Basalt of bimodal suite glomerates.

Tbbi

Taf

Tbbi

Tcn

Basaltic intrusive rocks

Cochetopa Park Tuff

Basaltic dikes and plugs.

Lower part is biotite-augite-plagioclase quartz latite ash-flow tuff containing about
30% phenocrysts; upper part is caldera-fill sediments and air-fall tuff. From the
Cochetopa Park caldera

Biotite-augite-plagioclase quartzlatite ash-flow tuff containing about 30%phenocrysts.Taf Tmn Nelson Mountain Tuff From San Luis caldera.

Crystal-poor, non- to slightly welded rhyolite ash-flow tuff From the San Luis caldera1sf Trc Rat Creek luff (early stage).

Tial Tu Volcanics of Uncompahgre Lava flows of intermediate to silicic composition and related volcaniclastic sedimentary
9 Peak rocks within the northern and eastern parts of the Uncompahgre caldera

Nonwelded gray to densely welded red-brown rhyolitic ash flow containing 
2 to5%

Taf Tcr Carpenter Ridge Tuff phenocrysts; a conspicuous basal vitrophyre and lithophysal zone is present. From the
Bachelor caldera.

Rhyolitic ash flow and related caldera collapse breccia. Ash flow is nonwelded gray to
Taf Tcl Crystal Lake Tuff densely welded red-brown and rhyolitic; megabreccia is composed of large blocks oftuff and andesitic float in nonwelded Crystal Lake Tuff From the Silverton caldera.

Taf Tf Fish Canyon Tuff' Nonwelded light-gray to densely welded dark-gray, quartz latitic ash flow containing
yonabout 50% phenocrysts. From the La Garita caldera

Partly welded gray to densely welded red-brown tuff with 5% to 10% phenocrysts;
Eureka Member interlayered with lenses of landslide debris and megabreccia. Represents the intracal-

Sapinero dera faces from the San Juan and Uncompahgre calderas
Taf Ts

Mesa Tuff Nonwelded gray to densely welded red-brown, phenocryst-poor rhyolitic tuff with a
conspicuous black, basal vitrophyre. Represents the outflow faces from the San Juan
and Uncompahgre calderas.

Nonwelded gray to densely welded red-brown rhyolitic ash flow very similar to the
Taf 1dm Dillon Mesa luff Sapinero Mesa Tuff. Probably from the Uncompahgre caldera

Nonwelded gray to densely welded red-brown rhyolitic ash flow containing about 5%
Taf Ibm Blue Mesa luff phenocrysts; a black basal vitrophyre is present. Probably from the Lost Lake caldera.

Nonwelded gray to densely welded gray-brown and red-brown quartz latitic ash flow
1sf Tur Ute Ridge luff containing about 50% phenocrysts. From the Ute Creek caldera.

Light-gray to purple-gray, coarse- to fine-grained, volcanic breccia and conglomerate
Tpl Twb West Elk Breccia beds deposited as lahars interbedded locallywith air-fall andwelded ash-flow tuffs and

thin rhyodacite flows from the West Elk composite stratovolcanic center

Consists of vent-facies accumulations (lavas, flow breccias, and explosion breccias)
Tpl TIf Lake Fork Formation from at least two central volcanoes north of Lake City, interfingers with the San Juan

Formation.

Consists mostly of mudflow deposits and subsidiary, associated water-laid volcaniclastic
Tpl Tsj San Juan Formation sedimentary rocks that formed as alluvial aprons around vent-facies accumulations of

central volcanoes of the western San Juan Mountains.

Taf TbBanDensely welded quartz latitic ash-flow tuff Present in the southeast corner of the
1s bBnanza luff quadrangle.

Gray to light-gray andesite flows which often grade vertically and laterally into flow
Tpl Thp N Hayden Peak Latite brecciaswith minorash-flowtuffs and conglomerates. Present in the southeast part of

Stothe Bonanza area

Sqe l Dark-gray to black, glassy, hornblende latite flows with abundant hornblende pheno-Tpl Tsg Squirre Gulch Latite crysts Present in the north part of the Bonanza area.

1) Basaltic flows with scattered flow breccias and laharic flows (lower), latite flows and
Tpl Tra 0 - Rawley Andesite* ash flows (middle), and basaltic flows (upper) Present in the Bonanza area and to the

u u east.

in 51 Rhyolite intrusion with quartz latite flows at the base and some intercalated rhyoliticTmi Tpp .2 5 Porphyry Peak Rhyolite obsidian Present in north part of Bonanza area

Tmi Tsc > Spring Creek Rhyolite Laccolithic body of light-brown rhyolite, present in the east part of Bonanza area

Tmi Ttg Turquesa Gabbro Equigranular gabbro containing plagioclase, pyroxene, and minor K-feldspar, biotite,
magnetite, and apatite Present in east part of Bonanza area

Brownish-gray, augite-hypersthene-hornblende andesite with a glassy to trachytic
Tial Tbp Buffalo Peaks Andesite groundrmass; forms lahars and ash flows Present in the northeast corner of the

. quadrangle.

Pale-brown, biotite-rich, moderately welded quartz latitic ash-flow tuff Present in
1sf Tbc Badger Creek luff Buffalo Peaks and Trout Creek paleovalleys.

Light-gray to brown, moderately welded, rhyolitic ash-flow tuff containing biotite,
1sf Tgp Gribbles Park luff sanidine, and rhyodacite fragments Present in the Salida area.

Gray to brownish-gray, crystal-rich, partly welded, rhyolitic ash-flow tuff Present in
Twin Twin Wall Mountain luff Waugh Mountain and Trout Creek paleovalleys

Inter-ash flow andesitic
Tial Tial lavas and breccias Fine-grained to porphyritic, intermediate lavas and breccias from many local centers

Inter-ash flow quartz latitic
Tiqi TiqI lavas and breccias . Porphyritic quartz latite and minor rhyolite in thick flows and associated breccias

Ipi Tpl
Pre-ash flow andesitic
lavas and breccias

Vent-facies lavas and breccias at numerous and widely scattered volcano sources
surrounded by coalescing aprons of volcaniclastic debris.

'Contains uranium occurrences

i i i

Plate 7.

Plate 7. LITHOLOGIC COLUMNS WITH DESCRIPTIONS OF SEDIMENTARY, IGNEOUS, AND

i

SYSTEM OR o FORMATION OR UNIT
ac PERIOD DESCRIPTION
WtMEMBEROR

SERIES _ _SUBDIVISION

INTRUSIVE ROCKS

Tbr Tnv Nathrop Volcanics Rhyoc volcanic rocks at an eruptive center Bald Mountain) and in outflow areas
Tbr nv athrp Vlcancs(Sugarloaf and Ruby Mountains). Present southeast of Buena Vista,

Tbr Tbr Rhyolitic rocks of bimodal suite Plugs, dikes, sills, laccoliths, and small stocks of rhyolite

Tm Trg Raspberry Gulch Gray to light-gray, porphyritic rhyolite with quartz, K-feldspar, and biotite phenocrysts.
g rhyolite porphyry Forms irregular intrusive bodies east of Mount Antero in the Sawatch Range

Pinkish-orange, medium-grained equigranular leucogranite. Youngest of the plutonsTmi Tag Mount Antero Graniten related to the Mount Princeton batholith.

Mount Aetna Quartz Gray to pink, mottled quartz monzonite porphyry consisting of large orthoclase andOLIGOCENE Tmi Tma M smaller plagioclase phenocrysts in a medium-crystalline groundmass. Forms an irreg-onzonite Porphyry ular stock north of Monarch Pass in the Sawatch Range.

Quartz monzonite containing conspicuous phenocrysts of white feldspar, colorless to
Tincup Quartz slightly smoky quartz, and less abundant dark hornblende in a light-greenish-gray,N Q Tmi Ttqm Monzonite Porphyry aphanitic groundmass Forms a stock, sills, and irregular bodies south and east of0 Tincup.

Z T T Mount Princeton Gray, medium-crystalline, equigranular quartz monzonite. Forms a batholith in the
Quartz Monzonite Sawatch Range west of Buena Vista.

Tmi Tmi Middle Tertiary intrusive rocks Granodioric quartz ozonitic, and granitic rocks in stocks, dikes, sills. laccoliths,
Tm m idl etay ituiercs and irregular bodies, Miocene and Oligocene age.

Contains three facies. normal facies consisting of light- to medium-gray, medium-
k ) Lo grained, biotite-hornblende rock containing large K-feldspar and smaller quartz phe-Tkltl Twin Lakes Granodiorite nocrysts; late-stage facies, and a border facies. Present in the Sawatch Range around

Winfield.

Mount Pomeroy Quartz Medium-grained, pinkish-gray quartz monzonite containing visible white, pink, and
EOCENE Tmi Tp gray feldspar, quartz, and chloriized hornblende and biotite. Present north of Monarch

Monzonite Pass in the Sawatch Range

PALEOCENE

0
Q TKi TKi Laramide intrusive rocks Granodioritic and quartz monzonitic stocks, sills, and dikes.
N

O CRETACEOUS

ORDOVICIAN Cam O~d Diabase dikes Dark-brown-gray to black, medium-grained diabase and gabbro dikes. Present in theRdPowderhorn and Black Canyon of the Gunnison River areas.

O Cihc Carbonatite

N Cihn Alkalic Nepheline syenite

0 CAMBRIAN Cam ihi complex Iolite The akalic igneous complex consists of small stocks and dikes of extremely variable
Cam Cam at Iron Uncnpahgrite lithologies, the main stock of Iron Hill consists of carbonaite which is a gneissoid.

JCihu Hill Ma etite-ilmenie- granular, ankeritic dolomite

Cihm perovsnite ikes

Cihp Pyroxenite

METAMORPHIC AND IGNEOUS ROCKS

Yam Ys Syenitic rocks' Minette. leucosyenite, porphyritic augite syenite and melasyennte dikes and plugs.
Present in the area north and northwest of Powderhorn.

PRCM RAurzMonzonite Light-gray to orange-pink. medium-grained. soi quartz mounmomo Iiiigr iiiii PresentPRECAMBRIAN Yg Yc Curecanti uartz Mnzin the Black Canyon of the Gunnison River area

Y Mottled pinkish-gray, very coarse-grained, porphyritic, weakly to strongly foliated

(800-1,600 my.) Yg Yvm Vernal Mesa Quartz Monzonite quartz monzonitenear granodioriteincomposition) Present inthe Black Canyon
of the Gunnison River area.

Yg Yg Granitic rocks Granites and quartz monzonites equivalent in age to the Vernal Mesa and Curecanti
Quartz Monzonites

YXuq Uncompahgre Duartzite White to gray, massive quartzite and thin partings of argillaceous material alternating
PRECAMBRIAN YXuwith dark-green, brown, and gray to black slate beds Crops out only south of Ouray in

YXus Formation Slate' the Bear Creek Falls area

Y and X YXg YXg Granitic rocks* Granites of problematic age and granites of mixed ages
(pro0bmatic age) XgY g YXp Pegmatite bodies' Pegmatites intruding rocks of Precambrian X and, or Y ages

X X*Cr G n oGray, coarse-grained, gneissic, blite granodiorite with augen of microcline Locally
g dc Denny Creek Granodiorite grades to quartz monzonite and quartz diorite Present in the Sawatch Range

z Xg Xk Kroenke Granodiorite Light-gray, medium-grained, foliated to massive biotiequartz monzonite and granite
Present in the Sawatch Range

XMonzonite Pink or buff. medium- to coarse-grained, foliated to massive, biotite quartz monzonite
Xg Xbp browns Pass QuartzMandgranite Present in theSawatch Range along the Middle Fork of Cottonwood Creek

Xg X Quartz Monzonite of Cochetopa Pink to salmon-colored. medium-to coarse-grained, weakly gneissic quartz monzonite
g cc Creek' Present along the Cochetopa Creek canyon southeast of Gunnison

X Xw G f Wod Gulch Pink, coarse-grained, porphyritic granite containing phenocrysts of pink microchneLXg wgGraniteoWoodand quartz Present about 22 km east of Gunnison

SXg Xpo Powderhorn Granite Pink to pinkish-gray, medium- to coarse-grained quartz diorite composed chiefly of
pink microcline, quartz, biotite, orthoclase, and sodic plagioclase

Light-gray. medium-grained, slightly porphyritic, locally gneissic granite containing
PRECAMBRIANGranite of Tolvar Peak sporadic quartz phenocrysts Present north and northwest of the Powderhorn area

X Xg Xsb Granite of South Beaver Creek Granite to granodior ie-sightgray. medium-grained, xenomorphic granular rockX g Xs GrntofSuhBaeCrk Present southwest of Gunnison

(1,600-2,500 m.y.) Greenish-black, fine- to coarse-grained hornblende schist and amphibolie The
Xfh Xd Dubois Greenstone original rocks were probably volcanic andesite lavas, sills, and dikes Gold-bearing

veins are included in the unit Present in the Gunnison gold-belt area

Medium-dark- to dark-gray, medium-grained, variably foliated quartz diorite and
Xg Xpm Pitts Meadow Granodiorite diorie Present in the Black Canyon of the Gunnison River area

Old term in limited use referring to a complex of rocks in the Black Canyon of the
Gunnison River area consisting of gray to silvery, fine- to medium-grained, quartz

Xb Xbc Black Canyon Schist mica schist, gray. well-foliated. medium- to coarse-grained, micaceous quartzo-
feldspathic paragneiss, and medium- to dark-gray. fine-grained, layered quartzitic
gneiss

Xg Xg Granitic rocks' Rocks previously mapped as Pikes Peak and Silver Plume Granites, and related rocks

Xfh Xfh Interlayered felsic and horn- Includes metarhyolites, metabasalts, and interbedded metagraywackes, as well as
blendic gneisses' more highly metamorphosed rocks

Contains minor inerlayered hornblende gnerss and calc-silicae rocks and, locally,
Xb Xb Biotitic gneisses and mgmatite may contain pegmatite

-Contains uranimt occurrences
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Bridwell, 1968, pl. I, scale 124,000.
Brock and Barker, 1972, scale 162,500.
Brown, 1950, scale (approx.) 1:30,200.
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Hansen, 1968, scale 1:24,000.
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Luedke, 1972, scale 1:24,000.
Luedke and Burbank, 1962, scale 1:24,000.
Mayhew, 1969, p1. I, scale 1:24,000.
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Scott, 1975, scale 1:62,500.
Scott, Van Alstine, and Sharp, 1975, scale 1:62,500.
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M. State'
M-I 1
M-2
M-3
M-4
M-5

Withdrawals
Dome Lake Wildlife Area
Sapinero Wildlife Area
Cebolla Creek Wildlife Area
Billy Creek Wildlife Area
Crawford State Recreation Area

*Areas smaller than 1/4 sq mi are not shown because of scale limitations.
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A. Areas Managed by National Park Service

A-1 Black Canyon of the Gunnison National Monument
A- 2 Curecanti National Recreation Area

B. Forest Service Wilderness, Proposed Wilderness, Recommended Wilderness,
Wilderness Study, and Primitive Areas
B-I Maroon Bells Wilderness Area
B-2 West Elk Wilderness Area
B-3 La Garita Wilderness Area
B-4 Uncompahgre Primitive Area
B-5 Big Blue Proposed Wilderness Area
B-6 Courthouse Mountain Proposed Wilderness Area
B-7 Mount Sneffels Proposed Wilderness Area
B-8 Raggeds Wilderness Recommendation
B-9 Elk Mountains - Collegiate Wilderness Recommendation
B- 10 Buffalo Peaks Wilderness Recommendation
B- Il Beaver-Castle Wilderness Recommendation
B- 12 West Elk Wilderness Recommendation

B-13 Upper West Fork Dallas Creek Wilderness Recommendation
B- 14 Baldy Peak Wilderness Recommendation
B- 15 Sneva Mountain Wilderness Recommendation
B- 16 Cannibal Plateau Wilderness Study (further planning)
B- 17 Mineral Mountain Wilderness Recommendation
B-18 Middle Fork Wilderness Recommendation
B- 19 Sangre de Cristo Wilderness Recommendation

C. Forest Service - Other Restricted Areas
C- I Gothic Natural Area
C-2 Protective Withdrawal

D. Bureau of Land Management Primitive Areas

D- I Powderhorn Primitive Area

E. Bureau of Land Management Withdrawals National Resource Lands and
Bureau of Reclamation Withdrawals
E- I Reclamation and Water Power Projects Withdrawal
E-2 Powersite Withdrawal
E-3 Protective Withdrawal
E-4 Withdrawn Lands in and around Gunnison Gorge Recreation Land

K. Wild and Scenic Rivers
K-I Gunnison (Wild)
K-2 Gunnison (Proposed Wild)

L. National Trails
L- I Continental Divide (trail system has not yet been developed)
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