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ABSTRACT

Calyx No. 3 mine is typical of the calyx-hole mines in the Teple
Mountain area of the San Rafael Swellp The uranium ore is produced
from a cross-bedded awdstone in the lower part of the fluviatile
Moss Baek amber of the Triassic Chinle formation. Uranium and
vanadium are contained in asphaltic hydrocarbons which impregnate
the ore sandstone. Paleoehanmel control of the ore in the Calyx
No. 3 mine is not obvious, but a comparable control is present in
the form of a permeable sandstone unit overlain and underlain by
units of lower permeability.

INTBKDUCTION

The Calyx No. 3 mine is one of a group of calyx-shaft mines located
on the eastern flank of the San Rafael Swell in Enery County, Utah
(fig. 1). The calyx-mine area lies in a small physiographic bench
bordered by cliffs of the Chinle and Wingate formations on the south
and east, and by Temple mountain , an erosional outlier, on the north-
west. The area is 45 miles by road southwest of Green River, Utah.
Of this distance, 37 miles is by way of State Highway No. 24 sn the
remaining 8 ailes are on an access road leading through the cliffs
rising the San Rafael Swell. The area is accessible at all seasons,
although travel is hampered by drifting snow and icy reads in the
printer, and by drifting sand in the saer.

Uranium-vanadium deposits in the vicinity of Temple ountain are
believed to have been discovered prior to 1903 (Anderson and Miller,
1952). Intermittent operation from 1910 to 1948 produced a small
quantity of high-grade ore from numerous shallow dits. Since 1948
there has been extensive prospecting and mining activity in the area,
although within the limits of the calyx area no ore was mined prior
to 1952 when the calyx-holes were drilled.

Consolidated Uranium Mines, Inc. controlled the mineral rights in the
calyx-hole area, and leased Calyx-hole No. 3 in 1952 to walter Day
of Green River, who was the operator in 1955. In 1956 the mineral
rights were sold to Union Carbide Nuclear Co. Drilling in the area
by the Atomic &iergy Comaission during 1951 and 1952 is described by
Anderson and Miller (1952).
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PURPOSE AND METW)DS OF INVESTIGATION

A field investigation of the Calyx No. 3 mine was undertaken to
determine the distribution and mode of occurrence of the uranium
ore, and the factors affecting ore deposition. Brunton compass and
tape were employed in mapping the mine workings. Elevations were
obtained with a hand level ani Philadelphia rod. A Geiger counter
was used to measure radioactivity at more than 100 locatims in the
mine, and for each location a series of readings were taken vertically
at 6-inch intervals to determine an average radiometric value. At
every tenth counter reading, a chip sample from the back to the floor
was collected for chemical assay. These assays were used to
standardize the Geiger counter readings. When multiplied by a
conversion factor of 0.157, counter readings were found to approxi-
mate the actual grade of the ore. Isopleths of the grade times the
thickness of the ore have been plotted on the nine map (fig. 2) and
show the ore to be concentrated in irregular bodies which appear to
reflect no regular trend or lineation, except that they are ained
nearly in the direction of dip of the enclosing beds.

(EZWMAL GIDWGY

The San Rafael Swell is a prominent tectonic feature of the desert
area of the nortkwestern Colorado Plateau. The dip of the beds on
the east flank of this asymetrie anticline is extremely steep in
contrast to the relatively gentle dip en the western flank. The
northeast-trending uplift is approxinimately 30 miles wide and 60 miles
long.

Rocks exposed in the eroded anticline range frm Permian to Jurassic
in age, but in the Calyx mine area only Triassic and Jurassic forma-
tions crop out. Massive sandstone beds of the Triassic Wingate and
Kayenta formations and Jurassic Navajo formation make up the steeply
dipping rim escarpment of the Swell and the less resistant mdstonee
and occasional sandstones of the Triassic Moenkopi and Chinle forma-
tions form broad mesas and badland topography inside the rim. The
rocks of the rim, where the maximum warping occurred, are strongly
fractured; sediments of the arched interior display fewer fractures.

THE ORE-BEARING UNIT

The ore-bearing unit at the Calyx No. 3 nine is a part of the Moss Back
member of the upper Triassic Chinle formation. The Hfoss Ba& is pre-
dominantly a fluviatile sandstone with lenses and discontinuous beds of
mudstone and conglomerate. It lies a few feet above the base of the
Chinle in the Temple Mountain area, where it comprises the principal
sandstone member of this formation. The average thickness of the
'oss Back is about 100 feet.
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The ore-bearing unit is a cross-stratified sandstone 3 to 16 feet
thick, occurring near the base of the Moss Back. The crose-stratifica-
tion is predominantly low-angle and is interrupted by relatively
persistent planar erosional surfaces. Particles of green mudstone
are concentrated along sme bedding planes separating the individual
strata of a eross-bed set, as well as along certain major erosional
planes. Ripple marks and other current-formed features are not
conspicuous.

The ore sand is light to moderate gray, except in the ore zones where
asphaltic hydrocarbons impart a dark gray to brown color. Disseminated
flecks and irregularly shaped interstitial blebs of asphalt give the
sandstone a "salt and pepper" appearance. The sand grains are sub-
angular to sub-round and display fair to good sorting. The unmineralised
Moss Back which crops out elsewhere in the San Rafael Swell generally is
partially cemented by calcium carbonate; however, no calcium carbonate
was detected by a hydrochloric acid test in either the barren or the
ore sand in the walls of the Calyx No. 3 mine. The mine operator's
mill-return assay sheets show the average line content to be less
than 0.5 percent. Silica, clay, and asphaltic hydrocarbons are the
predominant cementing materials of the ore-bearing unit.

A field test for variations in permeability of the sandstone was
performed in the mine by noting the time required for a drop of water
to permeate freshly exposed rock. Because this test relies on capillary
action, without the impetus of hydrostatic pressure, the iuniscibility
of asphalt and water may prevent or inhibit the water from permeating
sandstone which might be highly pemeable were it not for asphalt
coating the sand grains. Nowhere in the mine were the high-grade pods
of asphaltic ore found to have measurable permeability. The permeability
of the moderately and weakly mineralised sandstone has a wide range,
whereas the barren rock generally exhibits a consistently 1oe permeability.
The sandstone in and around the main ore body at the eastern extremity
of the workings is friable and highly permeable. A high percentage of
the quarts grains in this friable sandstone exhibit secondary evergrowths.

The ore-bearing sandstone unit in the Calyx No. 3 mine lies between two
units of relatively low permeability. It is underlain by a dense green
mudstone which forms the ine floor throughout the workings, and it is
overlain by a conglomerate which forms the back of most drifts and cross-
cuts. Where observed, the madstone of the floor is less than three feet
thick. The contact between the sandstone and audstone is an irregular
surface prodweed by scouring and filling during the deposition of the
sandstone. Within the mine, the basal amdstome is persistent and forms
a relatively impermeable barrier to vertical movement of solutions.
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Throughout most of the mine the ore-bearing sandstone is overlain
by a congl merate consisting of quartz pebbles in a madstone matrix.
The thickness of the conglomerate ranges from less than 1 inch to
3 feet; it reaches its thickness where it fills scours
eroded in the top of the ore sandstone. Megascopic emination shows sub-
angular to sub-rounded quartz, quartzite, limestone and mdstone pebbles
up to 3 inces in diameter imbedded in a matrix of sandy mudstone and
unidentified fines. Fragments of carbon trash are abundant and small
round blebs or nodules of radioactive sub-vitreous asphaltite are
comon.

The conglomerate is persistent, even where less than 6 inches thick.
Toward the southeast part of the mine it grades laterally into a dense
green mudstone; here one of the largest and highest-grade ore bodies
was overlain in part by jumbled masses of mudstone and sandstone. In
a few places the continuity of the conglomerate is interrupted by thin
sand lenses. The flattened logs and lmb fragments embedded in the
conglomerate have silicified cores surrounded by alternating concentric
bands of fine-grained pyrite and non-radioactive asphaltite. No radio-
activity was detected within the log structures although, where the logs
rest directly on the producing unit, asphaltic ore is concentrated in
the sandstone immediately below the logs.

MINERALIZATION

The uranium minerals in the Calyx No. 3 mine are intimately associated
with asphaltic hydrocarbons and vanadium oxides and closely associated
with fossil weed and pyrite. The principal uranium mineral is uraninite.
A direct relationship between the degree of uranium mineralization and
the amount of mica is suggested in places, although mica is only locally
present. The asphalt encountered in the mine can be classified by
physical properties as three types, only one of wt-ch is radioactive.

Licmuid Aamhalt

The liquid asphalt is dark brown, has the viscosity of heavy motor oil,
,ad when ignited burns vigorously with a self-sustaining flum. The
resulting black sooty smoke has the odor of roofing tar. Although
this type of asphalt is not caimn in the mine, it occurs in a few
places as seeps in the drift wall. It is mst abundant where the
workings have intersected a surface drill-hole. The asphalt enters
this hole just above the conglomerate which forms the back, and drops
to the mine floor. The liquid asphalt is not radioactive and does
not occur with the ore.

- 5-
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Vitreous AIhalt

A vitreous non-uraniferous type of asphalt present in the Calyx
No. 3 mine is similar in many characteristics to the liquid asphalt,
except that it is a brittle vitreous solid. This asphalt is abundant
and is c only associated with silicified logs and carbon trash.
Because it melts and burns readily giving the same odor as the
liquid type it may represent a less mobile fraction of the liquid
hydrocarbon.

Uraniferous Asuhalt

Uraniferous asphalt has a sub-vitreous luster, pungent dor, is
relatively hard and somewhat granular in appearance. It occurs as
dis laminated flecks, rounded bobs, and lenticular pods within the
ore producing sand unit. In a few places it fills fine fractures
which out the bedding. Inclusions or "eares3 of pyrite enveloped
by the ore pods apparently replace carbonaceous material and in
some places preserve the woody structure in fine detail. Asphalt-
saturated clay galls and unaltered quarts grains can be identified
within these dense pods, but the amount and extent of alteration of
the original sandstone has not been determined. Many ore pods and
abrptly at bedding planes.

A difference in chemical compositian between the radioactive and non-
radioactive asphalt is suggested by the odor and behavior of the
uraniferous asphalt when heated over a flame. It cannot be ignited
and the wmall ,mount of amoke produced has a distinct hydrogen sulfide
odor. That this material does not melt or otherwise break down
physically when heated would indicate that few or none of the original
volatile components are present.

The ratio of vanadim oxide to uranium oxide in the ore shipped from
the Calyx No. 3 mine is approximately 2.5 to 1. One sample assaying
over 14 percent U3 08 revealed 18.6 percent V205 (fig. 2). Montroseite
is the principal primary vanadiu mineral, but a blue-black secondary
mineral, corvusite, has formed on the exposed surfaces of several ore
pods.

iziles - 6 -
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As previously stated, pyrite occurs as a wood replacement. The amount
of pyrite appears to be directly proportional to the amount of carbon
trash; consequently, this mineral is most ccmtonly encountered in the
conglcmerate of the back. The carbonaceous remnants within the ore
bodies have been completely replaced by pyrite. The pyrite usually
forms a nucleus within the ore pod frm which the uranium-rich
asphaltite grades outward into weakly mineralized sandstone.

examination of a polished section indicated that the pyrite preceded
the asphaltite.

Carbonaceous Matter

The conglomerate of the nine back contains abundant flattened wood
fragments. Some of these fragments have been replaced by pyrite, and
others have been impregnated, replaced, or sheathed by vitreous asphalt.
All logs observed in the mine occur in the conglomerate. It is
significant that woody remnants are rarely observed in the ore-producing
sandstone except within the ore bodies, where they are present in sparse
to moderate amounts. Small round twigs replaced by pyrite and imbedded
in the ore sandstone do not have the characteristic sheath of vitreous
non-uraniferous asphalt. No carbonaceous material, as such, was fond
to be radioactive. The tendency of the asphalt to concentrate along
cross-laminas may possibly represent control by scattered carbon
particles present on these bedding planes (fig. 4, N-1).

Ore Controls

The most apparent general control of ore deposition is the relatively
high permeability of the ore sandstone as acompared with the overlying
and underlying beds. The confinement &f the ore to this sandstone is
well shown throughout the mine workings, in that the contacts at the
back and the floor represent sharp cut-off limits between ore and
barren rock. Thin seams and pods of radioactive asphaltite are common
in the ore sandstone adjacent to these contacts (fig. 4, N-2). The
ore sandstone does not have the appearance of a paleochannel filling,
although a contour map of the upper surface of the poorly exposed
basal mudstone might show the presence of a broad scour.

Within the sandstone unit, differences in permeability and the presence
of precipitating agents apparently constitute local controls which
determine the size and shape of ore bodies. Differences in permeability
are caused by -concentrations of clay and detrital mudstone fragaents
along bedding planes and possibly by unequal distribution of the
interstitial cement. Concentrations of detrital carbon particles
along bedding planes may serve as precipitating or adsorbing agents.
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The role of asphalt as an ore control is controversial (Gott and
Erickson, 1952). Field evidence does not conclusively show the
age relationships of the uranium and asphalt. The presence of
the uranium in one type of asphalt and not in the others may be
attributed to the existence of an original uraniferous hydrocarbon
from which the mobile and more volatile components aanated, leaving
a concentration of metals in the more asphaltic fraction; on the
other hand, it is also possible that uranium mineralization preceded
the introduction of the asphaltic hydrocarbons, with the concentra-
tions of hard aspaltite in high-grade pods and lenses representing
migrating hydrocarbons which were "fixed", or polymerised, by radia-
tion from uranium-bearing minerals.

MINING METI1iS AND PRODUCTION

Develoment of the Calyx No. 3 mine has been by mewns of a vertical
37-inch diameter calyx hole 118 feet deep, which serves as the access
shaft and from which an incline follows the S degree dip of the
sedimentary bedding.

The base of the producing unit of the Moss Back sandstone is inter-
sected at a depth of 18 feet by the calyx shaft. A dense green
mudstone commonly forms the floor of the workings. A thin conglomerate
forms the upper limit of the 3- to 16-foot ore-bearing sandstone unit
and is carried as the back of the incline and most of the drifts. The
height of the workings ranges frru 4 to 16 feet and averages Sb feet.

Exploration and development drilling was done by the U. S. Atomic
E ergy Coanission (Anderson and Miller, 1952) and by Consolidated
Uranium Mines, Inc., between 1951 and 1955, using wagon, rotary, and
diamond drill methods. Ore bodies indicated by these holes are the
targets of the drifts and ciossecuts of the Calyx No. 3 mine. From
the calyx shaft, the incline extends southeast down dip for a distance
of 500 feet. Short drifts were driven outward from the incline to inter-
sect small isolated ore bodies where a reom-and-pillar method ewf mining
was used.

In March 1955, the main production was from the extreme east end of
the workings where a relatively large body of high-grade ore had been
encountered (fig. 2). Two rubber-tired diesel shuttle-cars were used
for subsurface haulage. Because the location and spacing of the drill
holes did not indicate the trend of the ore in this downdip direction,
loaded shuttle-cars must move up grade from the loader to the dump
chute at the calyx shaft. These cars were filled beneath loading
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ramps by box-type scrapers operated by slusher hoists. Ore was
hauled to the shaft, dumped into a 20 cubic foot bucket and hoisted
to the top of a steel headframe where it was duoped into a waiting
truek. The ore was hauled by track 45 miles to Green River, Utah,
and was shipped by rail to Vitro Cheical Company in Salt Lake City
prior to sale of the mine to Union Carbide Nurlear Co.

Development work on the Calyx No. 3 nine began in November 1952, and
the first ore shipment was made in January 1953. Frm January 1953
through January 1955, approximately 14,000 tons of uranium ore
averaging 0.29 percent U 30 8 and 0.72 percent Y205 were shipped.
These figures showed a vanadium to uranium ratio of 2.47 to 1,
although the later shipments show a ratio of nearly 5 t. 1. The
calcium carbonate content is low (less than 0.5 percent) and moisture
content averages 3 percent. Only a small quantity of waste has been
mined and this was used as backfill in two mined-out rooms and for
ballasting the haulage route in the main drift. At the time of
investigation (May 1955) six men worked a 48-hour week at the mine.

CONCLUSIONS

Examination of the Calyx No. 3 mine has demonstrated a fey credible ore
controls, but no clear evidence was obtained which vould indicate the
origin of the uranium minerals. The uranium minerals have not been
identified or isolated from the intimately associated asphaltic hosts.
Ore deposition appears to be related to the presence of carbonaceous
material, although the size and shape of the ore bodies is governed
to same extent by bedding planes of the cross-bedded sandstone.
Paragenetic relationships observed in a polished section indicate that
the asphaltic hydrocarbon was introduced later than all other minerals.
Possibly the entire }boss Back sandstone became saturated with oil
which later was subjected to leaching except where polymerized and
oade less transient by radiation from uranium minerals in the ore
sandstone unit; initial precipitation of the uranium minerals may
have been brought about by carbonaceous material. Another possibility
is that the uranium became concentrated in an asphaltic residue in the
ore sandstone unit by a process of distillation of a uraniferous
hydrocarbon.

The spatial relationships of the irregular ore bodies could not be
definitely attributed to any structural or major sedimentary trends
or features. Perhaps a structure contour map based on the mudstone
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Figure 4. Wall Sketches, Calyx No3 nine, Tem ple Mountain, Utah.


