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GEOLOGY OF THE GARO DEPOSIT, PARK COUNTY, COLORADO

By Verl R. Wilmarth
ABSTRACT
The Garo déposit near Garo in the westucentral part of Park .
Couhty; Colo., was mined for radium in 1919 and for uranium, vanadium,
and. copper iﬁ 1951 and 1952.

The ore minerals that constitute the deposit are in 3 complexly
faulted sandstone beds of the Maroon formation of Permian age, on phe
ngrtheast flank of the northwest-trending Garo anticline. Most of the
ore that has been mined came from the yoﬁngest sandStope bed (bed no. 1),

- but some ore has been produced from the dldest sandstone bed kbed'nOo 3).
The ore bodies are small and lenﬁicular and apparently are confined to

the more permeable parté of the sandstone beds adjacent to minor subsidiary
faults. Sedimentary structures ﬁaythave aided in localizing the ore bodies.

Channel samplles from the ore bodies in bed no. i contain as much as

0.48 percent uranium ahd 1.37 percent V 0 s wWhereas samples from sandstone

275
bed no. 3 contain as much as 0.062 percnnt uranium and 0.49 percent V205
Copper has been produced from sandstone bed no. 1.

Within the ore bodies, the ore minerals, tyuyamunite, metatyuyamunite,
volborthite, carnotite, covellite; chalcocite, azurite, and malachite occur
in fissure veins and as disseminated grains interstitial to the detrital
grains in the sandstone. The dominant gangue minerals are calcite,

hematite, limonité, and chalcedony, The original minerals, chalcoéite,

covellite, pyrite, and possibly. uraninite and montroseite have been



oxidized and only small-rgmnants of the primary sulfide minerals were
obsefved in the ore. Oxidation of the primary uranium and vanadium
minerals resulted in formation of tyuyamuﬁife} metatyuyaﬁunite,
volborthite, and.carnotite and small quantities of uranophane and
calciovolborthite.

The Garo deposit is believed to ‘be epigenetic in origiﬁ. The oré
solutions were derived from & cooling granitic magma that formed the smallv
intrusive masé Just east of Garo.

The intersection of faults which cut the rocks of the‘Maroon fbrmafion

is a~guide in frospecting for uranium in the vicinity of Garo.
INTRODUCTION

The Garo deposit,‘known also as the Shirley May miné, is about one
mile south of Garo, Pafk Couﬁty, Colo., and about 11 miles southeast of
Fairplay, the nearest supply center (fig. 1). The mine is at an altitude
Aof abouti99000 feet in the central part of South Park, a broad flat
valley between the Front Rénge on the east and the Mosquito Range on the
west. Th¢ winters are long and‘snowfall generally hea&y, limiting mining
operations to the summer months. Water for mining and domestic purposes
can be obtained from the Middle Fork of the South Platte River, 2 miles
north of the mine. - |

According to Fleck (1909, p. 35), the Garo déposit was first
prospectéd iﬁ 1903, but no ore was produced at that time. 1In 1917, the
deposit was again prospected, and in 1919 about 40 tons of ore contgining
as much asjone percent uranium was mined (Riley, 1946). The mine was idle

" from 1919 until 1951, when W. H. Gaddis of Hartsel,~Coio., commenced

\
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open=pit ﬁining and rehabilitated some of the underground workings.
Between July 1, 1951, and July 15, 1952, when miniﬁg wasAagain disg
continuedy ofé'containing uranium, vanadium, and 00pper'ﬁas ﬁined from
'the open_pité. |

The Garo deposit was first described by Fleck (;909) who identified
volborthite as'the principal ore mineral iﬁ samples,containing‘és‘much;as
5.5 percent copper and. 0,55 percent V,05. Guilotte (194k4) briefly
describedﬁthe deposit, and Riley (19h6)3 identified carnotite, Volborthite,
calciovolborthite, . malachite, and azurite in specimens of the dump material.
According to Stark and others (1949, p. U6), minor quantities of cobper- |
~ vanadium minerals ocecur in éargon-rich sandstone of the Maroon formetion
of Permian age near Garo; near Twin Bridges, about 8 miles'southﬁest'of
Garo, similar sandstones of the Méroon formation contain copper minerals.
The Garo deposit was examined briefiy and sampled in 1950 by T. P.’Anderson
(1950), and in 1951 by R. U. King (1951). The first detailed geologic
| i;nvestigation of the ore deposit was made by G. B. Cott (1951), who
vmapped on a larée scale a small area surrounding the deposit.

‘ buring June_l952; V. R. Wilmarth and L. R. Page of the Geological
Sgrvej and L. E. Smith of the Aﬁomic Energy Commission mapped the geology
and topography of approximately one-half square mile surrounding thé
deposit., This work was undertaken to obtain information on the structure,
mode of occﬁrrence,'and extent of the ore-beariné formations and to -
prepare a base map for use In a diamond drilling exploration program. The
work was done by the Geolqgicai Survey on behalf of the Diviéion df Raw

Materials of the U. S. Atomic Energy Commission. The drilling program,



designed to explore for new ore bodies at shallow depths and to test
the extent,of the exposed‘ore bodies, vas carried.out by the U. S. Bureau
of Mines dqring July and August 1952, Results of the drilling were

described by Wilmarth and Smith (1952).
GEOLOGY

The Garo depdsit is within the peft'of,South Park that was
geologlcally mapped and described by Stark and others (1949). - This
part of South Park is underlain by red beds of the Maroon formation of
Permian age in part covered by glacial and stream depos1ts of
Quaternary age. Near Garo, the Maroon formation is several thousand
feet thick (S’cark and others, 1949, P uu 45) and. cons:Lsts pre-
domlnantly of s1ltstones, sandstone, and llmestones Wlthln the miﬂe ‘
area, series of northwest to northeast h1gh~angle faults have displaced
these rocks as much as 1,000 feet horizontally (fig. 2)

The ore dep051ts are 1n three thick sandstone beds in the Maroon
fermetlon that dip steeply'northeast. The knewn ore bodies appear to
be lehticﬁlaf and_theif'clese association withvfaults sdggests that
the localization of the ore was controiled,in'part by faults. The ore
bodles con81st of uranlum, vanadlum, and copper mlnerals irregularly
dlssemlnated in the favorable parts of the sandstone beds. Channel
samples across the ore bod;es contaln‘as much as Q,h8 percent urahium,

- 1.37 percent V205, and 1.34 peircent copper (table 1).
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Rock units

The Maroon formation within the mapped area is composedlbf inter-
bedded maroon to white sandstones, siltstones, and shales and‘lightn #o
. dark-gray limestones, Distfibution of the mappable lithologic gnits'is
shown on figdre 2. The sandstones, siltstones, and shales are eroded
into low'valleys separatéd by low north-trending ridges of limestones.

The sandstones are fine- to coarse-grained, locally conglomeratic
and highly micaceous. They occur in beds from 1 to 30 feet thick.
Although crossbedding is well developed in éome beds, parallel bedding
is dominant. >Three sandstone beds in the Maroon formation contain
-uranium, vanadium, copper minerals, and they have been designated as
sandstoQé beds nos. 1, 2, and 3.

Sandstone bed no. 1 is the youngest known ore-bearing lithologic
unit and is exposed in pit nos. 1 and 3, and in prospect pits northwest
of pit no. 3.(fig, 2). It averages 9 feet in thickﬁess and is & maroon,
fine- to coarse-grained, poorly sorted, calcareous sandstone. In pit
no; 1, bed no. 1 is ofeébearing and is well-cemented, white sandstone,
but in pit no. é, it is dark red-brown to yellow-green to green where
ofe minefals are ébundant.

Sandstone bed no. 2 ié stratigraphically 50 feet lower than bed
no. 1 and is only exposed in the prospect pits southwest of pit no. 1
and west of pit n.o; 3 (fig. 2).. It is 18 to 30 feet thick and is maroon,

medium- to coarse-grained, micaceous sandstone that in the upper 3 to

5 feet is a white loosely cemented conglomeratic sandstone containing
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quartz and feldspar grains as much as 1/16 inch across. Yellow-green
vanadium-uranium minerals are sparse;y distributed in the white con-
glomeratic'sandstone. ,

,Sandstone bed no. 3 is stratigraphically 150 feet lower than bed
no. 1 and is well exposed in pit no. 2 (fig. 2). Bed no. 3 averages 8
feet in thickness. It is a maroon to white fine- to medium-grained,
micaceous sandstone that in the lower 2 feet contains a thin lens of
white conglomeratic sandstone. In pit no. 2, bed no. 3 is ore-bearing,
and it is a white tO‘yellow-gréen, friab;e sandstone.

Shales, siltstones{ coarse-grained arkosic sandstoﬁes, and fine- to
medium-grained sandstone not known to be ore—bearing comprise the bulk
of the maroon formation in the mine area. The thin-bedded'siltstoneSQ
shales, and sandstones range from less than 1 to 22 feet in thickness.
They are.generally éalcareous and maroon to red except where bleached
© white tp gray adjacegt to faults and fractures containing calcite or
ore minerals. Individual shale and siltsone beds are lenticular and
generally are not fraceable eithervalong strike or dqwn dip between
drill holes. ©Some of the sandstone beds are more continuous and, from
drill-hole data, are traceable throughout most of the mine area. The
arkosic sandstones are exposed southeast of the mine and have been
cut'by drill‘hole no. 2. These beds are maroon to bright red, very
coarse-grained, calcareous massive rocks that contain abundant coarse

mica flakes.
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Seven limestone beds were mapped. in ;he mine areq (figs. 2 and 4).
They range from ; to 15 feet in thickness and are lighi- to dark-
gray, thin-bgdded to maésive, fine-grained rocks that locally Qontain
sandstone fragments and chert. A 2 to 7 foot thick limestone bed that
is 3 to 15 feet stratigraphically above sandstone bed no. 3 contains
abundant radioaqtive chert. The limestone is dark gray, fine-grained
and is well exposed fhroughout the mapped area. Tbe chert occurs as
irregular masses in the limestone and is blue, white, yellow, black and
red on fresh surfaces but is white to gray on Weathered surfdces. Five
samples of Qariously colored cherts from this bed northwest of fault no..
2 contain 0.006 to 0.008 pércent uranium (fig. 2) and the chemical
uranium analyseé are nearly the samé as 1is indicated by the measure of
total radioaétivity. The colér of chert is apparently unrelatedl to
radioactivity. According to Gott (1951), cherts from this bed contain
in addition. to uranium as much as 0.05 percent V205 apd 0.0k percent
copper. o

A chert-bearing limestone béd, 3 to 5 feet thick,vwaé intersected
by drill hole nos. 10 and 12 g# 20 to 30 feet below the sﬁrface. The
chert is dbnormally radioactive, but the extent of this limestone bed

is not knowm.
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Structure

The Garo deposit is on the northeast flank of the Garo anticiine,
one of several northwest-trending folds mapped by Stark and others
(19%9) in the northern part of South Park (fig. 3). The sedimentary
rocks .in the mapped area have a prevailing strike of N, 60-65° W., dip
47°-73° NE and are broken by a series of northwest to northeast-
trending high-angle normal and reverse faults (fig. 2) Adjacent to some
of the faults, the attitude of the rocks deviates from regional trends.
Faults are the most easily recognized structural featufe in the mine,
and the more persistent of these have been numbered for reference purposes
as fault nos. 1, 2, 3, 4, and 5. In the mine workings and drill cores,
faults are marked by green-white gouge zones, 1 to 4 feet thick, that
cdntain angular tQ rounded fragments'of sedimentary rocks derived from
- the Maroon formation. . In the area northwest of phe mine yorkings, traqes
of the faults are generally éovered by stfeam and glacia; erosits) aﬁd
the best criterion fon tﬁe récogni%ion of faults is the abrupt'terminat;on
qf the sandstone or limestone beds. Faults are also recognized locally,
as in ﬁit nos. 1 and 3 and in several drill cores, by change in dip of
the beds and by the presence of greenish-white gouge. In addition to
the faults shown on figure 2, there are‘undoubtedly-many more strike-.
slip faults that were not recognized because of their similarity in

attitude of the faults and sedimentary rocks.
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The five principal faults are transverse faults. They strike N.
10° W. to N. 35° E., and they dip as much as 88° SE, as determined
from surfbce and drill hole data. The faults are normal and the
apparent relétive:movement along all except fault no. 3 has been to
move tPe west side of the fault northward. Fault no. 2, the largest
fault, has displaced the beds possibly as much as 1,000 feet hori-
zontglly‘and 60 feet vertically. Many steeply dipping normal and
revérse subsidiary faults have greatly domplicated the structure
between fault nos. 2 and 5. Most of these subsidiary faults trend
northeast, but some trend northwest parallel to attitude of the
sedimentary rocks. They havg hopizontal displacements of from 5 to
50 feet and probably were formed contemporaneoualy with ﬁhe larger -
and persistent faults., Most of the féuits are believed to.have
fdrmed prior to deposition of the ore and éided in localization of
the'ﬁranium, vanadium‘aﬁd copper ﬁinerals.

Aiprimary structural feature of the sedimentary rocks that may
hﬁve been impoftant in localizing the ore deposits 1is the apparent
difference in attitude of the top and bottom of the ore-bearing
sandstone beds. As dhown in pit no. 3 énd pit no. 2 (fig. L), the dip
of the hanging wall of the mineralized sandstone ved is 6° to 10°
steeper than the footwall. -Thus down the dip of the bed, the ore-
bearing sandstone woﬁld appear to pinch out; however, in drill hole
no. 4,‘sandstqne bed'no. 1l is as thick as in. pit no. 3, and sandstone
bed_no, 3,wher¢‘cutlby.drill.hole.nos: YFand.B-is_gdt:dgéréase&-in'u S

thickness. Thus the variation in dip across the uniformly
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‘texfured sandstone bed is believed to be due to local thinning caused by
scouring during sedimentation, resultipg in a local constriction of
the bed. The ore bodiés in pit nos. 2 and 3 éppegr to lie up dip from
such sediﬁentary structures (fig. 5). |

Except for the small north-plunging fold with an amplitude of 3
feet exposed in pit no. 1, the rocks in the mine.drea were not
extensively folded during formation of the faults. The effect of the
minor folds on localization of the ore deposits is believed to have

been slight.

Ore deposits

The ore deposits at thevGarp deposit are of the uranium-vanadium-
copper sandstone type though they differ from most depqsits of this
tyﬁe in that chalcocite and covellité agd their alteration products
are locally important constituents of the ore. Most of the ore was
produced from sandstone bed no. 1 in pit ﬁos. 1 and 3, but small
quantities cf gre‘were mined also from sandstone bed no. 3 in pit
no. 2. There has been no ﬁroduction from sandstone bed no. 2 but 3
potential ore deposits.wére«discovered by Qiamond drilliﬁg in'séndstone
bed no. 2 between fault nos. 3 aﬁd k., The principai ore minerals are
tyuyamunite, metatyuyammite, volborthite, chalcocite, and covellite;
they occur as disseminated graﬁns, as grain cogtings, and as fractufe

fillings in sandstone bed nos. 1, 2, and 3.
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Copper minerals are widely disfributed throughout the mineralized
sandstone beds, but only a few tons of copper ore has been produced,
érincipally from sandstone bed no. 1 in pit no. 3. The grade of the
ore varies widely. Selected samples of dump material contain as much
as 2.39 percent uranium and 4.34% percent V205, but channel sampleg
across the mineralized sandstones contain from 0,001 to 0.L48 percent
uranium, and Q.O5 to 1.37 percent V205. The copper content of
selected ore samples is as much as'l.3h percent, but the average of
channel samples from the oreébearing sandstone is about 0.0x percent
copper. Small quantities of silver, lead, titanium, and zinc are
present in the ores (table 1).

The ore produced from sandstone_bed no. 1 was mined from pit nos.

1 and 3 in the block of ground between fault nos. 3 and 5. In pit no. 1
sandstone bed no. 1 was mined continuously along strike for ;bout 120
feet and down dip for 30 feet. At the widest part, bed no. 1 was mined
over a distance of about 30 feet, but the average mining width is about

7 feet. Channel samples of the sandstone from. pit no. 1 (fig. 4) contain
0.001 to 0.035 percent uranium and‘ffom 0.09 to 0.19 percent Véosv(table 1)°
Although none of these samples is of ore grade (containing more than
-0.10 percent uranium),.grab samples of ore from g spockpile, collected

in 1946 by L. B. Riley, contgined 0.32 percent U308, 1.38 pércent V205
and 1.90 percent copper (Riley, 19L46). The uraﬁium content of samples
dbtaiﬁed during mining operations in 1950 and 1951 is considerably

higher than that shown by results of analyses of samples collected in
1952 (table 1) and indicates grade of the ore mined prior to 1952 is

higher than the average of mineralized rock remsining in pit no. 1.
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Sandstone bed no. 1 in pit no. 1 has been cut by 2 northwest-
trending, steeply dipping faults. This faulting may explain the
abéence of ore minerals in bed no. 1 where cut by drill hole nos. 3
and 11 at depths of 65 and L2 feet down-dip from the bottom of the pit
(fig. 6). Samples of the core from bed no. 1 in these drill holes
éontain 0.002 percent equivalent uranium (fig. 6).

-Sandstone bed no. 1 is not exposed between pit nos. l'and 3. A
sample core from sandstone bed no. 1 where cut by drill hole no. 1
contains 0.002 percent equivglent uranium (fig. 6). These data suggest
that-sandstone bed no. 1 is not mineralized between fault no. 4 and pit
no. 1. In pit no. 3, the mineralized sandstone has been mined from
fault no. 4 northwestward along strike for sbout 190 feet and down dip
for about 15 feet. The extension of the ore body down dip is incompletely
knoﬁn; however, coré samples (GA-17-53 and GA-30-53) from bed no. 1
where cut By drill holes 4 and 9, at depths of 68 and 46 feet down dip
from bottom of the pit contain only 0.001 percent equivalent uranium
(fig. 7). From these data and convergence of the dips on the foot- and
hanging-wall of the sandstone bed (fig. %), the ore-bearing part of
sandstone appears to pinch out a short distance down dip from bottom of
the pit; however, the sandstone bed continues at depth and is 6 to 10
" feet thick where cut by the drill holes (fig. 7). Twenty-six channel
samples have been cut from bed no. 3 in pit no; 3. Of'these, only L

samples contain more than 0.10 percent uranium; the remaining 22 samples
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contain from 0.001 to 03096 percent uranium. Vanadium oxide content
of all samples ranges from 0.05 to 1.37 percent and the copper content
from 0.12 to .1.,3& percent (table 1).,

Sandstone bed no. 2 is not mineralized at the surface, but uranium,
vanadium, and copper minerals were found in cores from this bed where
it was cut by diampnd.drill holes nos. 1, 4, and 5 (figs. 6 and 7).

The top I to 5 feet of sandstone bed no. 2 ip drill holes U4 and 5 is a
White, medium~- to coarse-grained, friable rock that contains tyuyamunite, °
volborthite, and malachite as disseminated grains and on fracture
surfaces. >Samples from these cores contain 0.003 to 0.018 percent
uranium, 0.17to 0.29 percen£ V205, and as much as 0.38 percent copper
(table 1). In drill hole no. 1, volborthite, tyuyamunite, and malachite
coat the surface of a quarter of an inch wide fracture in the upper
part of thevbed, but the sandstone adjacent to the fracture was not
mineralized. The extent of the mineralized sandstone cut in the drill
holes is not known. Presumably the ore minerals occur in small lenses
in the more permeagble parts of the sandstone, similar to thelore mined
from the surface excavations.

Uranium and &anadium minerals have been mined in sandstone bed no.
" 3 from the breast of the adit (fig. 4) to the east of pit no. 2. In
August 1952, uranium- and vanadium-bearing sandstone formed a zone QS
much as 3 feet thick and 4 feet long on the hanging wall of the bed, at
the east end of the pit. Wheré bed no. 3 is cut by the diamond drill

hole nos. 7 and 8, no uranium, vanadium, or copper minerals were noted

3



in the core and the bed was not abnormally radiocactive. Samples‘of
core (GA~27~53'a,nd'GIA-29_53) contain 0.002 and 0,001 percent equivalent
urahium (fig. 7). The uranium and vanadium contents of samples

(table 1) from pit no. 2 range from 0.001 to 0.062 percent uranium aﬁd'
fram 0.05 to 0.49 percent Vé05° Sample GA-63 contained'0,16 percent
copper. At the surface ih the small pit about 100 feet northwest of
pit no. 2, a channel sample (GA~67-53, table 1) across bed no. 3
contains 0.002 percent equivalent uranium and 0.12 peréent V205; no
uranium or vanadium minerals were Visible. The mineralized part of
the sandstone bed is apparently confined to the sméll area adjacent to
a small fault éxpoéed in the pit and appears to pinch out within a short

distance down dip from the bottom of the pit and along strike of the bed.
Localization of ore

The mineralized areas of éandstone 5ed no. 2 and all the ore
deposits thaﬁ have been mined are between fault nos. 3 aﬁd J.
Specifiéaily, the ore minerals appear to be localized iﬁ favorable.
parts -of these sandstone bedg where they are cut by subsiﬁiary lgngif
tudiqal faults (figs..2 and 5). This relation is well shown in pit
no. 3 (fig. U4) where the~oré minerals %ere deposited only in sandstone
' that‘is-adjacent to and.crossed,by a subsidiéry longitudinal fault.
Simi;arly, in pit no. 2 ore minerals have been found only in the
highly fractured séndstone adjaceht to a minor longitudinal fault. .

The mineralized part of sandstone bed no. 2, as indicated in figufe 5,
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appears to be unrelated to longitudinal faults, but the structure of
these mineralized areas 1ls incompletely known, and minor faults ﬁay
be present and may have aided in localizing thevore minerals.

The localization of ore minerals in certain parts Qf the sandstone
beds is due largely to vafiations in permeability of the host rock.
Features of the sandstone that directly affect permeability are
ccmposition, texture and structure. Study of thin sections cuﬁ»from
mineralized and unmineralized sandstone‘has shown that tbe-minefal
composition of the detrital grains in both types of sandstone 1is
similar. However, some variétion was noted in the cafbonate cementing
material which with bﬁt few exceptions iélgenerally more abundant and
céarser grained in the ore-bearing sandstone. Therefore, the original
compbsition of the sandstone was not an important factor in ore deposition.

In the mineralized éandstones, the grain size‘ﬁas an important |
factor in localizing the ore minerals. Almost always, the coarser-grained
parts of the sandstones are mineralized in preference to the finer-
grained rocks. 1In thosé mineralized sandstones that are poorly sorted,
the large grains usuallyiwere loci for deposition of the ore minerals.
From drill hole data thé'conglomeratic upper partiof éandstone'bed no. 2
is‘known to contain ore minerals whereés the~fine-grained sandstone in
the lower part of the bed is not minéralized.

A primary structural feaﬁure observed in the mineralized parts of
sgndstone bed nos. 1 and 3 is stegpef dips on the hanging wall than on

the footwall of the bed (fig. 4). This would suggest that the bed would
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pinch out at depth, but from drill hole data the beds are céntinuous
down dip. The local pinching aﬁd swelling of the‘ore-bearing,sandstone
coupled with increased permeability from fracturés developed during
formation of the subsidiary faults may have been important local

factors that governed ore deposition.
Character of ore

Ore at the Garo deposit consists of sandstone impregnated with
uranium, v@nadium, and copper minerals. It was mined principally for
uranium and vanadium, but small quantities of copper ore Wé;e also
produced. ihe yeliow to yellow-gréen tyuyamunite; metatyuyamunite,
-&olborthite, and carnotite are the most‘abundant uranium and vanadium
minerals, but sméll quantities of uranophane énd calciovolborthite are
" present locally. The éopper ore minerals include chalcocite, covellite,
malachite, and azurite. Qangue minerals in the ore are hematite, limonite,
éaicite, chalcedony, and pyrite; of these calcite is the most gbundant.

Mineralogy of the ore pit nos. 1, 2, and 3, though sipilar,
varies widely in the p;oportions of the ore and gangue minerals present.

In pit no. 1, the ore is characteristically white and contains as |
much as 25 percent calcite as the cementing material in fhe sandstone.
Tyuyamunite and metatyuyamunite are the common ore minerals and occur
as widely'disseminated grains that réplace the calcite éement and as
fracfufe fillings. Most of the ore mined at the Garo depgsit is yellow

i
to yellow green and is generally friable, crudely banded, and contains
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fyuyamunite,‘meﬁatyuyamunite,,volborthite, and darnotite é? grain
coatings, as fissure fillings, as cementing material in the sandstone
host rock, and as crystals and crystalline aggregates intgrétipial té
'the sand grains. Irregular bands and lenses parallel an@ subparellel

. to bedding'of host rock &re common in the ore and aretformedlby ore
minerals filling iﬁterstices of the sandstone. (See pl. 1A, 1B and pl;
24) Hemﬁtite is locally abundant in the ore where it occurs aiong

. fra;tures and forms the.cemeht in'irreghlar areas in the sandstone. A
selectéd sample (GA-6) of the yellow-green ore from pit no. 2 contains
as much as 0.23 ﬁercent uranium and 4.34 percent V205 (table ;).

In pit no. 3 coppervand iron minerals are locally cbmmon con-
stituents of the uranium-vanadium ore. The copper minerals chalcocite,
covellite, azurite, ahd malachite_weré sufficiently abundant in the ore
- from the éagt end of pit no. 3 that small qﬁantities of copper ore were
recovered. Specimens of the copper ore show that the copper sulfides
occur as narrow fissure veins and és grainé disseminated throughout the
ore. (See pl. 2B, 2C) Most of the chalcocite and covellite is gltered
to malachite and azurite, but éhrysocolla is present in some dre. Some
of the ore is banded énd consists Qf a core of altered chalcocite and
covellite successively surrounded by rings éf tyuyamunite, volbprthite
and maléchite‘of azurite. (See plate lBQ In other specimens however,
fractures containing tyu&aﬁunite, metatyuyaménite,and volborthite cut
areas in which disseminated grains of coppef sulfides are in part

altered to malachite. The copper content of the ore varies widely
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but is as high as 1.34 percent; the average gfade is much less (table ;).
A selected sample (GA-T7) of copper-béaring sandstone from pit no. 73
contains 0.016 percent uranium aind 1.21 percent V,0g (table 1).
The uranium-vanadium ore pit no. 3, especially the central part
of sandstone bed no. 1, is red-brown, well-cemented, irregularly
banded, and contains abundant hematite and limonite;’ (See plateilpgn
Ore miﬁerals where observed occur as irregular masses of ?inely crystalline
intergrowths of tyuyamunité, metatyuyamunite, and volborthite widely

scattered in the ore. A sample (GA-5) of the sandstone rich in iron

minerals contains 0.002 percent uranium and 0.06 percept V2O5 (table 1).
Mineralogy

The opaque ore minerals chalcocite and covellit¢ are closely
associated with these secondary uranium, vanadium,and copper minerals
(named in approximate order of abundance): tyuyamunite, metatyuyamunite,
volborthite, carnotite, malachite, azurite, calcidvolbo'rthite,
chrysocolla, and uranop@ane. .The gangue mine;als are calcite, hematite,
limonite, pyrite, and.chalcedony. The qomplex uranigm-vanadium minerals’
were idgntified by A. B. King and A. J. Gude 34 of the‘Géological
Survey using X-ray diffraction methods.. &dentification of the opaque
minerals and paragenetic relations of the ore and gangue minerals Were
determined by microscopic study of 65 thin and polished sections of the

ore.
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Chalcocite and covellite are the primary copper ore minerals at
the Garo deposit. The chalcocite masses are made ﬁp of lighﬁ bluish
gray isotropicchalcotite and a light- to dark-blue chalcocite which is
for the most part isotropic but may show some faint pale blhishrpink
anisotropism. There aré all gradations from masses of light gray
chalcocite containing few, if any, lath-like crystals of blue chalcocite
to lath-like crystals of iight gray chalcocite in blﬁe chalcocite.

The distincﬁly blue chalcocite may'cdntain up to 8 percent covellifé
at room temperature. According to Edwards (1947, p. 7&—76), the
temperature of'fbrmation of blue qha}cocite is above 750 Cii Covellite,
where observed in‘polished sections, occurs either as narrow regular
plates within, or as rims around, the chalcocite masses.

The chalcocite and covellite are found in narrow fissure veins‘ﬂut
more #bundantly as disseminated masses in the sandstone where these-
minerals replace in part the calcite éement and some 6f the sand grains.
The veins are found only in the highly fractured sandstone adjacent to
faults where they range from knife blade to as much as a quarter 6f an
‘inch in thickness. Within the veins the chalcocite and covellite occur

as relict irregular masses as much as 3 mm across and 1 to 2 mm wide

i N

in irregular veins composed of intermixéd malachite,lazurite, and
,se?on?ary uraniﬁm-vagadium minerals. Some of the veins are banded;
hematite and'unreplaced minerals form the core. Malachite forms a
narrow zone about the coré with the next outer zone composed of
hematite-cemented sandstone containing irregular patéhes and lenses of

tyuyamunite-metatyuyamunite-volborthite cemented sandstone.
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Locally replacement of‘the rounded san& grains along the vein
Walls,results in formation of what has been described by Bastin (1950,
p. 42) as atoll structures. The cores of the replaced grains contain
relict masses of chalcocite and‘coﬁellite surrounded by secondary
copper, uranium, and vanadium minerals. Hematite containing some
tyqyamun;te forms the outer rim of these structures. The degree of
replacement of the sand grains decreases away:from‘the vein until only
sparse rounded masses of chalcociﬁe and covellite occur interstitial
to the sand grains.

The‘uranium and vanadium.minerals which comprise the ore ap the
Garo deposit include tyuyamunite, metatyuyamunite, carnotite, volborthite,
calciovolborthite, and uranophane. With the exception of uranophane,
these ore minerals are uranium-bearing vanadates.

Volborthite is a hydrous copper,. calcium, barium vanadate that
conpains minor quantities of uranium. A selected éample of volborthite
obtained from the ore in pit no. 2 contained by spectrographic
analysis: XX.Q percent each of copper and vanadium; X.0 percent calcium,
0.X percent each of barium and uranium and a trace of lead. Although
the optical data on the volborthite from this sampie are incomplete, n
is greater than 1.932, 2V is moderately large and the birefringence is
ﬁoderate. Volborthite occurs as disseminated grains, as fracture
fillings, and as crystalline aggregates on fracture surfaces in the

sandstone. The disseminated volborthite is light to dark green in

transmitted light and occurs as finely crystalline aggregates replacing
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the calcite cement. Veins up to 2 mm wide, consisting dominantly of
volborthite, £ill fissufes in sandstone cémented by volbofthite and .
tyuyamunite and grade into veins censisting of tyuyamunite and
malachite. Botfyoidal masses of dark-green volborthite occur.as
cogtings.on ffacture surfaces in sandstone; when these masses are
broken, the volborthite is light green. Some of the voIborthite coats
hematite on fracture surfaces.

Minor quantities of light gray-green lustrous flakes, tentatively
identified as calciovolborthite, are closely associated with the
volborthite. The calciovolborthite appears to be more abundant in the
dark red-brown ore from pit no. 3. |

Tyuyamunite, metatyuyamunite, carnotite, and uranophane are the
only uranium minerals known at the Garo deposit. Tyuyamunite, the
hydrated calcium uranium vanadate, metétyuyamunite, the dehydrated
- tyuyamunite, and carnotite, the potassium analogue of tyuyamunite,
occur similarly to volborthite. These minerals are closely associated
in the ores and though easily identified by X-ray analyses, they are
finely crysﬁalline and usually difficult to identify in thin sections.

Tyuyamunite and metatyuyamunite are most abundant and are
irregulgrly distributed throughout the mineralized sandstone beds as a
cementing material, as sparse crystals and crystalline aggregates filling
interstices, as coatings on fracture surfaces, and in fissure veins.
These ore minerals occur as a finely divided crystalline mesh that has

replaced the calcite cement in the sandstone and some of the sand grains,
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especially the altered feldspars. Rare crystals as much as 0.05 mm
wide and 0.1 mm loﬁg are present interstitial to the Sand grains. In
some of the coarse-grained mineralized sandstones coarsely crystalline
tyuyamunite occurs as a rind on the larger sand grains. On the more
open fractures botryoidal masses up to 3 mm across of tyuyamunite and
metatyuyamunite coét volborthite and hematite.

Tyuyamuni£e from the Garo deposit has been described by George
(i9h9, p. 16k4) who gave the following properties:c><=1.675%/57= 1.860,
Y = 1.885, wﬁth 2V‘39°-h5°; Y = greenish yellow, Z = deeper greenish
yellow and X = colorless, .The results of spectrographic analysis of
three selected samples of tyuyamunite made by R. G. Havens of the
Geological Survey are as follows: XX percent uranium; X to XX percent
vanadium; X.0 percent each of calciqm and silicon; 0.X percent each of
barium, aluminum, and strontium; and 0.0X perceqt copper and ifon.

Carnotite and uranéphane are presen£ in only minor quantities in
the ores. Presence of carnotite was determined by L. B. Riley (1946).
It has not been identified positively by the writer, though prbbably
some of the tyuysmunite and metatyuyamunite contain carnotite,
especially in those sandstones containing altered!feldspars. Uranophane,
calcium uranium silicate, waé tentatively identified in thin section of
the ore from pit no. 3 where it occurs as finely crystalline radiated
aggregates in fhe chalcedony-~-cemented san@stone.

Malachtte and azurite,'the principal alteration products of
chalcocite and covellite, fill inferstices in the san&stone where they

replace the calcite cement; near the copper-bearing veins, they replace
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some of the sand grains. Some narrow malachite veins cut the uranium-
vanadium rich sandstone and represent redistribution of coppef by
surface waters. Azufite is farely found in veins buﬁ is the cementing
material in the sand.stone°

Chrysocolla is a rare mineral in the ore and occurs only as a
replacement of chalcocite and covellite in the chalcedony-cemented
sandstone from pit no. 3.

Calcite is the dominant cementing material in the mineralized, as
well aé the unmineralizéd sandstone. It also occurs as veins along
faults and joints'in the mine area. The calcite cement in the un-
mineralized sandstone is finély crystalline and contains abundant
minute inclusions which gives the calcite a light red cblor° No
evidence was found to indicate replacement of the detrital grgins by
the calcite cement during lithification. In the mineraliged sandstone,

the calcite is co#rse-grained, commonly clear and replaces in part some
of the detrital grains. This calcite may have been introduced by tﬂé
ore solutions but more likely_was the resulf of solution of the original
calcite cement and redeposition in the ore-bearing sandstones. The
white- to light-gray vein calcite is coarse-grained %nd usually forms
subhedral crystals, whose long axes are normal to the vein walls. Tpe
red- to maroon—sandstones, siltstones, and shalés aqjacent po the
calcite veins are bleached to a light gray. Oﬂ‘more gpen fractures
clear euhedral Falcite ctystals up to 4 mm long parallel to the

fractures walls are coated by crystals of tyuyamunite and volborthite.
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Hematite and limonite are common constituents of the mineralized
sandstone from pit no. 1, where they occur as inters;itial'fillings in
the sandstone. As is shown in plate 2D,.contacts be£ween the reddish-
brown limonite- and dark-brown hemstite-rich sandstones are sharp and
highly irregular; and in some places these sandstones are separated by
unmineralized rock. Generally hematitéJbearing sandstone surrounds
the limonite-rich parts of the sandstone. 1In thin sections of rock
specimens the hematite and limonite have replaced almost wholly the
calcite éement and.tO'a lesser extent the sand gréins. Semiquantitative
spectrographic analyses of selected samples of these sandstones are
given in the following table and show there is little variation in the
content of the metals bresent in the rocks. Small masses of subhedral

pyrite, largely altered to hematite, are present in some of the copper

Semiquantitative spectrographic analysis

(in percent)

(Analyses by R. G. Havens)

Fe Mn Ca Mg Az Ba Cu _ Ga Ph v Y
Red-brown limonite- X .0X X, X% .000X .0X .0X. Tr .00X .0X .00X .OX
. bearing sandstone
Dark-brown hematite- .X 0¥ X. .X .000X .0X .0X Tr .00X .0X .00X .OX

bearing sandstone

\

sulfide veins. The hematite is locally concentrated at intersections of veins

as well as along the vein walls intermixed with secondary uranium, vanadium
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aﬁd copper,minerals.' In additioﬁ to the hematite closely associated
with the ore minerals, authigenic hematite occuré as very small rounded
masses in the calcite cement.

Chalcedony, thouéh not a common gangue mineral in thg ore deposit,
vhas éeplaéed some of the calcite cement in the mineralized sandstone
from pit no. 3. ‘

| A very fine grained, light-gray, cléy mineral is locally abundant

in the sandstones adjacent to the fissure veins. It has embayed and

replaced some of the detrital grains.

' Paragenesis

The detritgl grains which‘comprise the mineralized sandstone at the
Garo deposit were cemeqte@iby authigenic calcite prioreto orogenic |
movemént which formed the faults and folds in the mine area. Following
the faulting and folding, chalcocite, covellite, and minor pyrite were
erosited in fractures and as disseminated grains in the sandstgnes
adjacent to the faults. Paragenetic sequence of the sulfide minerals is
largely‘obscured by secondary minerals though it is believed these
minerals were deposited contemporaneously. The clay (?) mineral
presumably was deposited contempofanéously with the vein minerals.

As seen in polished and thin sections of the ore, sbme of the hemapite
~as rounded spebks ;s closely associated with the calcite cement and is
clearly syngenetic in origin. T£e hematite which rims and veins the sand

grains and locally forms a large part of the vein material was presumably
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-derived by the aiteration of pyrite. In the sandstone interstices
the hematite was fo;med prior to deposition of the secondary copper
and_urénium?Vénédium minerals..

Almost all of the chalcocite and covellite masses are veined and
replaced by malachite, azurite, and locally chrysocolla. Although this
relation is obscured in most 6f the veink,it is well shown where the

chalcoéite occurs as disseminated grains in the sandstones. Following

the formation of secondary copper minerals was the deposition of
tyuyémunite, metafyuyaﬁunite, carnotite, volborthite, and
calciovolborthite: The paragenetic sequence of these minerals is
difficult to determine and varies'somewhgt with the minerals present

in the ore. 1In the more open fractures,‘botryoidal massgs of volborthite
are coated by crystals of tyuyamunite. - Specimens of the copper-rich
ore show,vhqwever, fhat the volborthiteébearing sandstone sufrounds ﬁhe’
tyuyaﬁupite;rich areas and apparently was deposited later. In thin
sectibns, the euhedral crjstais of volborthite égat the sand g}ains
whereas tyuyamunite andJmetatyuyamunite £il1 thé iﬁterstices between
the sand grains and in part replace the volborthite; the reverse of
this is also known. In the coppér-rich 6re where volborfhite is
apparently more abundant, it replaces'the malachite and is in turn
veined and replaced by later tyuyamunite. Rédistribution of some of
the tyuyamunite and volborthité hasoccurred as shown by thése minerals
occurring in narrow veins which not only transect chalcécite masses

and adjacent areas of malachite but also tyuyamunite and volborthite-
rich sandstones. In general, déposition of the ﬁranium and vanadium

minerals was contemporaneous.
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Small quantities of sericite as long narrow blades cut off
fyuyamuniteébearing veins and transect grain boundaries between
calcite cement and detrital grains. Sericite was the last mineral

formed.
Results of'analyseé

Semiquantitative spectrographic analyses (table 1) of channel
sa@ples from pit nos. 1, 2, and 3,.indicate that except for lead, zinc,
- silver, copper, and titanium, the variation in minor metal content is
small. The ores contain a trace of gallium; o,oobx to 0.00X bercent
of cobalt, nickel, vanadiim, and yttrium; 0.00X to 0.0X percent of
strontium, zirpdnium, and boron; 0.0X pefcent ménganese; 0.X percent
iron; X.0 percent potassium, calcium, sodium, and aluminum and XX.
percént silicon. The barium conpent of the ores averages 0.0X bercént
althoﬁgh one sample (GA-49-52) containing 0.X percent>is aléo‘riéh in
volborthite in which barium is known to replace some of the copper.
The small quantity of zirconium present in the ore is found in the
zircpns which are a minor accessory minersl in the sandstones of the
Maroon formation.

The mode of occurrence of the lead, zinc, and titanium is not -
known as no discrete minerals in which these metals form a component
part have been identified in the ore. The copper is undoubtedl&

contained in the many primary'and secondary minerals found in the



36

ores. Samples which have a copper content of greater than 0.00X
percent commonly contain detectable quantities of silver, suggesting

that silver is associated with the copper minerals.
Origin

The Garo deposit is believed fo be epigenetic in okrigin; that is,
the uranium, vanadium, and copper minerals were introduced into the
sandsténe beds after deposition, cementation, and faulting of the sedi-
mentary rocks in this area. The source of the metals is not known
with certainty; they may have been derived from the wall rocks adjacent
to the ore bodies or they may be maématic in origin. |

The extraction of the metals from syngenetic minerals in the
sediments thaﬁ are adjacent to the ore bodies is a possible source.
Results of analyses show that cbpper, uraﬁium, and vanadium are present
in the cherts found in the limestone'beds that are exposed near the
mine, Other chertAbearing limestone beds in the Maroon fbrmation in
- South Park were not studied in detail, but the chérts4exposed near Twin
Bridges are radioactive though no urgnium-vanédipm minerals were
detected associated with the copper minerals in the adjacent sandstone.
Autofadiographs of the chert at the Garo deposit indicated that the
uraniﬁm is evenly distributed throughout the chert? and it is presumed
that the uranium was deposited contemporaneously with the chert. Radio-
activity and chemical uranium analyses of the chért are nearly the samé,
suggesting that little if any of the uranium has been leached from the
chert since its deposition. Thoﬁgh cherty limestones are a thential

source of uranium, vanadium, and copper, there is no evidence to indicate

that these metals were derived from this source. Detrital minerals that
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gontain copper, uranium, and vanadium un&oubtedly are present in small
quantities wid‘e.ly scattered through the sediments of the Maroon formation.
Whether thesé metals were extracted from the detrital grains'and recon-
centrated in the favorable parts of the sandstone bed at the Garo deposit
is not known, though no evidence was obta@ned to support Or:déﬁy7this
process.

Thelprincipal évidépce for a magmatic source of ﬁhese metals is the
_ granitic intrusive massnthat is exp&sed only é% m;leé eést?édupheasp éf
Garo. Acébrding to Stark and others (1949, p. 8L), the‘gfanific ma.gma.
wa.s i@truded after the main Laramide oregeny and probably was iptruded
along the plane of the Séuth Park fault (fig.3).

Briefly, a proéess which may explain the mineralogic and textural
features of the ores at the Garo deposit is as fq;lows:‘ During cooling
of the granific magma, hydrothermal solutions contéining the components
of thé ores, were egtruded and chgnnéled out along the the‘yduhger‘and'

' possibly more open'ndrtheaét-trending faults in‘the Garo area. The

. cqmpositiqn of the ore solutions is unknowﬁ but can be determined

: approximately from the paragenesis of the ore minerals. Microscopic

study of the ore has shown that chalcocite, covellite, and pyrite

were early primary minerals that were deposited in the sandstone. These
sulfide minerals a#e believed to have been depositsd from acid hydrothermal.
solutions which entered‘the favorable.sandstones'thfough the nﬁmerous
faults that cut the rocks in tﬁis'aréa.' The formation of minor

quantities of clay minerals in the ore and the exteﬁsive replacement of

the sand grains'adjécent tb mineralized fracfures indicate fhe ore

solutions were chemically active.
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' The absence of primar& uranium and vanadium minerals,
'vmontroseite; uréﬁinite or coffinite in the ore bodies is due largely
to their greéter instability in oxidizing environments. Remnants of
the sulfide minerals were observed in the ore, whereas the primary
uranium-vanadium minerals have been completely oxidized and replaced
by the secondary uranium, vanadium, and copper minerals. Although
the original composition of the ore is not known, the preponderance
of secondary uranium and vangdium minerals suggests that primary
uranium-vanadium minerals were abundant in the ore. As the acid
solutions reacted with the calcite cement, they weré neutralized and
deposition of the primary uranium and copper minerals ceased.
Subsequently, alteration of the priméry ore minerals resulted in
the formation of tyuyamunite, ﬁetatyuyamunite, volborthite,
calciovolbox%hite, carnotite, uranophane, malachite, azurite, and’
ghrysocolla. Paragenetic study has shown‘that malachite and azurite.“
were formed prior to deposifion of the secondary uranium and vanadium
.minerals. This indicates that the copper ions released during oxidation
of copper sulfides reacted with carbonate ions to form relatively
stable malachite and azurite.father than to form secondary copper-
vanadates which are stable minerals in the‘zone of oxidation only if
vangdium has a valénce of 5. With progressive oxidation of vanadium
té vaience of 5, vanadium combined with uranium, of valence 6, to form
tyuyamunite,‘metatyuyamunite, and the minor:quaptities of carnotite.
Lscaliy voiborthite and calciovolborthite were formed cdntemporaneously
with the secondary uranium-vanadates in the sandstone that contgined

appreciable quantitiés of copper.
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Suggestions for prospecting

The outlook for new uranium-vanadium-copper deposits.in the
vicin£ty of the mine is difficult to evaluate. South and east of thé
mine‘glacial and stream deposits cover much of the bedrock and make
prospecting by Geigqr or scintillation counter extremely difficult or
impossible. Examination of the rocks for several miles northwest of
the mine revealed abnormal radiocactivity only in the chertiferous '
limestone beds, though minor quantities of secondary copper minerals
were found in pfospect pits abouf 2 miles northwest of the mine.

These results indicate that within the area examined the possibility
of finding new deposits near the surface is unlikely.

‘Other areas in South Park, especially near Twin Bridges, that are
geologically similar to the Garo deposit are shown on the map by Stark
and others (1949, pl. 3) and may warrant investigation. Prospecting
in these areas could best be carried out fy radiocactivity éurveys by

either ground or airborne equipment.
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