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R. V. Bailey was born and raised in the small coal mining town of Hanna in southern Wyoming and is a geology
graduate of the University of Wyoming. Following his Shirley Basin experience in the early 1960s, Mr. Bailey
was involved in various exploration and development projects, including coal and copper in the Rocky Mountain
states. In the mid-1960s from a Casper, Wyoming location he continued to be involved in uranium exploration,
mostly as an independent geologist, including assembling some of his own exploration projects in the Rocky
Mountain region. In addition, he performed consulting work for various parties, including major mineral and oil
and gas companies. In the 1970s, with strong worldwide interest in uranium sources, he organized a new company;,
which had a successful public stock offering. Work by that company resulted in some new uranium discoveries in
Colorado and Wyoming and in 1977 with co-author Milton O. Childers, he wrote a book entitled “Applied Mineral
Exploration with Special Reference to Uranium” (Westview Press). This book continues to be used as a reference
and training manual today. Worldwide interest in uranium declined in the late 1970s but interest in gold was high.
As a result, Mr. Bailey established a new company with the aim of exploring for gold in Alaska plus other selected
mineral projects. Exploration work directed by Mr. Bailey for this company resulted in three significant gold
discoveries in Alaska: one on the south side of the Alaska Range between Anchorage and Fairbanks, one for placer
gold deposits in Cook Inlet, and a third lode gold project near the village of Nome in far west Alaska. He also
maintained an interest in oil and gas and the company he organized acquired an interest in oil and gas production
in Texas as well as in the Rockies and California. Recently, Mr. Bailey participated in several oil and gas projects in
the Rocky Mountain region, including a coalbed methane/conventional oil and gas project in eastern Wyoming.
He also has invested in real estate in Washington, Colorado, Florida, and Wyoming and is an active investor in
publicly-traded natural resource stocks. He is a member of several professional organizations and lives in Castle
Rock, Colorado.
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Figure 1. Shirley Basin Mine view toward south from access road, February 1961. Photo

by R. V. Bailey.

Abstract

In the early 1960s, geologists working in the Shirley
Basin Mine in east central Wyoming were the first to
critically examine in detail a sandstone-hosted uranium
deposit through underground workings, with the purpose
of determining the process of uranium emplacement in
groundwater saturated strata. After careful observations in
the underground mine, along with detailed mapping and
the construction of cross sections, the now accepted and
useful exploration tool, the roll-front model of uranium
ore deposition, was formulated and subsequently proven
for use by the uranium exploration and mining industry.

In the Shirley Basin high-grade ore was mined
underground from poorly consolidated sand and gravel
deposits of the Lower Eocene Wind River Formation in
the early 1960s. These shallow sands, at depths of less than
115 meters (380 feet) were named the Sage Sand and the
Turtle Sand. At the time of mineralization, groundwater
transporting uranium in solution was generally moving
from south to north, opposite of the current groundwater
movement direction. The sands and gravels were and
remain saturated with groundwater, and the unstable
ground and abundant water together created difficult
underground mining conditions. The use of “square set”
mining techniques was required in order to accomplish
ore removal under these conditions. A geologic mapping
program, carried out in the underground workings,

accompanied by detailed drill hole logging and geologic
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cross section construction, revealed
habits and relationships of the
mineralization and associated
alteration. Mineralization and ore
were found to lie along the periphery
of tongues of “altered” ground. The
greenish to rusty altered ground
was usually recognizable in hand
specimen and represented ‘leached’
ground through which mineralizing
solutions had passed. The major
tongue of alteration was found to
be as much as 21 meters (70 feet)
thick, tens of meters (hundreds of
feet) across, and several kilometers
long. The best ore occurred on
what came to be called rolls or roll
fronts (geochemical interfaces) at the
terminal edges of altered ground, and
additional ore was found to occur
in “subsidiary” rolls on the upper
and lower surfaces of the altered
ground. The results of the mapping
program provided data for improved
planning for mining operations as
well as more effective exploration and
development drilling. Concerning the nature of uranium
deposits in sandstone, the results of the studies in 1962
and 1963 at the Shirley Basin Mine were first, the concept
of uranium concentrations at a geochemical interface
and second, the development of the roll-front model
of uranium deposits. This was a major breakthrough in
knowledge and for understanding the nature of uranium
deposits, particularly in sandstone deposits. The roll-
front model was successfully applied to exploration and
development drilling, to ore projections ahead of mine
workings, and to reserve estimates in the Shirley Basin
Mine. Subsequently, it has been used worldwide for
understanding this type of deposit.

Introduction

The Shirley Basin Mine was located in northeast
Carbon County, Wyoming (Figures 1 and 2). The site
was in section 28 of Township 28 North, Range 78 West.
The mine was owned by Utah Construction and Mining
Company, headquartered in San Francisco, California.
The underground mine operated from about 1961 to 1964
at which time in-situ leach operations were attempted
and then mining converted to an open pit operation.
During the underground period of mining, high-grade
ore was produced, but unfortunately, records of quantities
shipped are no longer available. The ore was shipped by
truck to the Lucky Mc Mill in the Gas Hills of Wyoming



Figure 2. Shirley Basin Mine looking northeast toward the Laramie Range from Moss
Agate Hill, February 1962. The temperature is well below zero and condensed moisture
can be seen at the top of the head frame. The plumes from the small buildings are
caused by exhaust moisture from heaters used to heat ventilation air for the mine.
These two buildings are located at the surface site of cased escape-ventilation holes

which intersect drifts underground. Photo by R. V. Bailey.

(also owned by Utah Construction) and averaged 0.70%
U308. The ore bodies at the underground mine site were
within the Eocene Wind River Formation at depths of
about 86 meters (280 feet), to approximately 115 meters
(380 feet) below the surface. From a geologic viewpoint,
the amazing continuity of the host sands provided an
excellent situation for the development of geochemical
reaction zones at the interface between invading oxidized
waters and reduced conditions in unoxidized sands. The
underground mine provided an outstanding opportunity
to study the uranium deposits in detail.

The following description and accompanying maps
and cross sections have been prepared to describe and
illustrate ore body configuration and major geological
features observed in the course of the mapping program
in the Shirley Basin underground uranium mine. In
addition, a brief review of mining techniques and a
discussion of mapping technique evolution are presented.
The description is presented from an historical approach,
with the first stope mined described first. Extensive use
has been made of color photographs taken in the mine
as they describe better than words, the appearance
of mineralized and non-mineralized features. The
underground photographs are enlargements of 35 mm
transparencies taken with flash attachment and daylight-
type Kodachrome® film by co-author R. V. Bailey.
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Detailed information concerning
mine location, history, structure,
stratigraphy, and one possibility of
the ore geochemistry (subsequently
disproved) is discussed in a paper
by Robert E. Melin (1964). In this
report, these topics are only briefly
mentioned. The paper can be found
on the CD of Economic Geology
uranium publications of the early
1960s, available from the Society of
Economic Geologists.

On the accompanying maps,
major geological features observed in
the mine have been plotted as found
in the stopes, as well as possible edges
of the ore both within and outside the
stopes. For this report, mineralization
projections have been carried beyond
the stope areas utilizing electric and
sample description logs from drill
holes with the objective to illustrate
the nature and configuration of the
roll front deposits and the bodies of
alteration in which they are related.

Because this is a report on
geology observed in the Shirley
Basin  Mine, the introduction
would be incomplete without a
statement about the working environment in which the
geological mapping program was conducted. Plans in
1958 and 1959 called for the exploration department
of the company to withdraw from Shirley Basin shortly
after exploration and initial development drilling were
completed. This timing coincided with the completion
of the shaft and the beginning of mining. However, when
drifting was underway and mining was about to begin, a
wise decision was made to keep exploration department
geologists on the job to conduct underground mapping
and to act in an advisory or consulting capacity to the
mine operating personnel while still reporting to the
exploration department in Salt Lake City, Utah as well as
the corporate headquarters in San Francisco, California.
Ultimately, exploration department representation at
Shirley Basin was reduced to one geologist, R. V. Bailey.

The geological staff at Shirley Basin, primarily author
R. V. Bailey, who was the mine geologist, acquired a very
intimate and useful familiarity with the altered ground,
ore occurrences, and related phenomena. Mr. Bailey
attributes much of the familiarity with these uranium
deposits to the fact that the mapping was carried out
underground where close and careful examination could
be made of the geological features without problems such
as heavy equipment hazards that often are associated with



mapping in an open pit mine. In addition, temperature,
air movement, and humidity underground are much more
conducive to detailed geological work than an open pit
operation. A camp was established a short distance from
the mine and a group of mobile homes was assembled for
the staff. The mine geologist and his family also lived in
the camp.

To aid mining and mine planning, the geological
staff placed current geologic maps and cross sections in
the engineering office where they were available for study
by operations personnel. The mine geologist frequently
prepared special additional (not requested) studies, such
as permeability maps for the location of water wells for
the camp water supplies. Maps and reports showing roll
trends, ore locations, and proposed drilling sites were
often submitted directly to mine manager Mack Tilley.
Roll front projections were crucial in selecting drill hole
locations and were also crucial in mine planning. The
mine geologist provided important contributions to the
mining operation, as well as a great deal of information
about uranium roll front emplacement, ore location size
and configuration, and information on the relationship of
unaltered to altered ground was gathered.

Stratigraphy

In the underground mine high-grade ore, which
consisted of black (uraninite-coated) sand and gravel, was
mined from two poorly consolidated sand horizons in the
Lower Eocene Wind River Formation. These two near-
surface sands, less than 115 meters (380 feet) below the
surface, were named the Sage Sand and the Turtle Sand.
At some time after deposition the sands were saturated
with moving, uranium-rich groundwater. The sands were
arkosic (derived from granite) and apparently were eroded
from the Shirley Mountains to the southwest and the
Sweetwater area to the northwest, as well as the Laramie
Mountains to the east and southeast. The terms sand,
gravel, and clay came to be used in describing the Shirley
Basin sediments rather than sandstone, conglomerate,
or shale because of the uncemented and unconsolidated
character of the sediments.

The underground mining operations were conducted
within two distinct and named lithologic units. The
most important unit is the Sage Sand because it contains
the most ore in sec. 28, T. 28 N., R. 78 W. This unit is
about 21 meters (70 feet) thick and consists of a coarse,
gravelly lower zone and a coarse to silty upper zone, with
ore occurring locally in both. Immediately above the
Sage Sand is the Eucalyptus Clay unit. This clay is 3 to
4.5 meters (10 to 15 feet), thick and very persistent. In
only a few places has it been scoured out or penetrated by
streams, which deposited the overlying sand and gravel
unit, the Turtle Sand. The Eucalyptus Clay was named
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for the tentative identification of fossils that appeared to
resemble eucalyptus leaves. The locally ore-bearing sand
and gravel unit above the Eucalyptus Clay was named
the Turtle Sand because of the abundance of fossil turtle
shells, which were about the size of large frisbees. The
Turtle Sand is about 5 meters (17 feet) thick and grades
upward into a silt and then clay. More detailed lithologies
of these units are contained in the paragraphs describing
the various stopes and drifts.

As revealed by drilling information, within the mine
area the sands generally terminate to the northeast against
a subcrop formed by a resistant Cretaceous sand unit
and crop out to the south and southwest. Both the sands
and the clays in the mine area are remarkably continuous
and uniform laterally, a feature that has allowed the
development of very continuous mineralization features
in the Shirley Basin Mine uranium deposits. This greatly
facilitated the study of the deposits, particularly because
the mapping was carried out underground. No faulting or
folding was present to complicate the geology.

Fossils

Fossil turtle shells about the size of large frisbees have
been found both in mineralized and non-mineralized
ground in the mine, but particularly in the Turtle Sand in
the A461 Stope. Fossil leaves have been found in abundance
in a silty section at the bottom of the Eucalyptus Clay. A
tooth, possibly alligator, was also recovered from a drill
core taken for chemical testing of ore grades northwest of
the shaft. No other fossils were found.

Structure

The Wind River Formation dips less than two degrees
northeast throughout most of the Shirley Basin. Drilling
results suggest a slight northwest dip to the strata in the
Shirley Basin Mine. Cretaceous sediments underlying the
Wind River Formation dip about five degrees southwest.
No faults have been encountered in the Shirley Basin
Mine and drilling in several nearby sections suggests
the presence of none. No faults were suggested on aerial
photographs of the mine area. It appears that the streams
that deposited the sand and gravel that hosted the uranium
deposits were flowing generally from south to north, the
same direction the mineralizing waters followed. However,
at some point, the direction of groundwater movement
changed and current groundwater movement appears to
be to the south, probably due to the influence of the Little
Medicine Bow River (actually a small stream) that flows
to the south. Erosion has also removed a large amount of
sediment to the south, while to the north the topography
rises substantially.



Uranium Source

The source of the uranium found in Shirley Basin
is obscure. There are no known significant or obvious
sources such as high-grade deposits in nearby igneous
rocks. However, the Granite Mountains have been shown
to have lost a significant amount of uranium in the recent
as well as distant geologic past (Stuckless and Nkomo,
1978; Stuckless, et al., 1981). Alternatively, some favor
the idea that Tertiary-aged volcanic tuffs contained
significant concentrations of uranium and is responsible
for the uranium deposits in Wyoming’s basins (Love,
1954; Denson, 1959). During surface weathering and
oxidation, uranium contained in the ash would be taken
into solution and thus mobilized could migrate down
into the aquifers in the underlying Eocene Wind River
Formation. Uranium in the arkosic sands in the Eocene
beds, generated from the weathering of nearby igneous
rocks containing trace amounts of disseminated uranium,
may have made a minor contribution to the ore deposits.
As a working hypothesis, the authors believe that some
combination of the two provided the uranium for deposits
such as those of the Shirley Basin.

Mining Techniques

Because of the loose and unconsolidated character of
the sediments in the Shirley Basin Mine, underground
mining was carried out entirely by the squareset method.
The squaresets were framed by heavy wooden beams and
for the most part did not exceed 1.5 x 1.5 x 1.5 meters
(5 x 5 x 5 feet). Drifting was carried out with extensive
overhead spiling and closely spaced wall lagging. Water
flowing into the drift from the advancing face was a
constant problem.

Ideally, underground mining should be carried out
by driving a drift or haulageway to the furthest edge of
ore, with subsequent retreat stoping. At the Shirley Basin
Mine this was not done because of the immediate need
for ore production. Almost as soon as the first drift (Al
Drift) reached the vicinity of what became known as
the A Ore Body, stoping was started. Such a procedure
in unconsolidated sediments has adverse effects on the
drifts because of ground movement, which follows closely
behind the stoping.

The water table was about 30 meters (100 feet) below
the surface prior to pumping or excavation. Although an
effort was made to lower the water table sufficiently to
permit mining of ore in the lower part of the Sage Sand
unit when mining commenced, water was found to be
too abundant and too fast moving to permit economical
mining of the deeper ore. The concrete-lined shaft was
initially sunk to the bottom of the Sage Sand at a depth
of about 115 meters (380 feet), but the amount of water
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was too much to handle so the shaft bottom was plugged
back with cement to about 98 meters (320 feet) below
the surface. Some of the deeper ore in the Sage Sand is
nearer the shaft; however, because of the water it had to
be bypassed in favor of the shallower but more distant ore.
Several dewatering wells had been drilled in the vicinity
of the shaft and it was estimated that these wells were
pumping about 13,600 liters (3,000 gallons) per minute.
The Wind River Formation, as expected, was found to be
an excellent aquifer and this characteristic clearly played
a crucial role in the earlier invasion of oxygenated water
and the formation of uranium ore bodies.

The Al Drift was driven its entire length in the coarse
to silty upper part of the Sage Sand. The uniformity
of the grain size is quite remarkable for a fluvial sand
system. The results of the initial drifting from the mine
shaft, initially west and then turning south, suggested
that water at this level in the Shirley Basin Mine might
present no significant difficulties because for more than
30 meters (100 feet) from the shaft, the sands were wet
but not bleeding water. This no doubt was largely due to
the pumps creating a cone of depression around the shaft.
Perched water encountered at the edge of a scour of the
Turtle Sand through the Eucalyptus Clay about 52 meters
(170 feet) from the shaft, posed some problems but no
additional significant water hazards were encountered
in driving the drift for the next 61 meters (200 feet).
However, once the cone of depression was penetrated
by drifts and stopes further from the shaft, the floor
and all working faces dripped and sometimes ran water
continuously until the water level in that particular area
was drained below the workings.

Underhanded mining (below the haulage drift
level) was utilized, but could be carried out only when
the water level was lowered below, or almost below the
stopes. Electrical power was generated on site and there
were some nervous times when the water pumps stopped
functioning in the mine for one reason or another. In the
absence of pumping water soon began rising into the mine
workings and up the shaft. On more than one occasion
when the electrical power failed, the pumps stopped and
there was no power to the hoist in the shaft so it was not
available. The miners and the mine geologist had to climb
a ladder up the shaft to escape the rising water. This is the
equivalent of climbing a ladder on the side of a 32-story
building in total darkness except for a headlamp.

The Mapping Program

Logging of lithologies encountered when the shaft
was being sunk was carried out by mining department
personnel. At that time several geologists representing the
company’s exploration department were busy planning
and carrying out exploration drilling. A decision was



made that exploration department geologists would
undertake an underground geological mapping program
for two primary purposes: 1) to assist operating personnel
in planning and carrying out an eflicient mining plan; and
2) to learn the habits and nature of Shirley Basin Mine
uranium mineralization so the knowledge gained could
be used to further uranium exploration efforts at Shirley
Basin and elsewhere. A geologic mapping program was
initiated at the commencement of drift driving. Because
mapping in an underground uranium mine in Tertiary
sediments of this type was practically unknown to the
industry, entirely new concepts and techniques had to be
developed. No one had any idea what the ore would look
like (except from cores), how the ore would be related
to barren ground, how the uranium was transported, or
if geological mapping would significantly contribute to
either a more effective exploration or mining program.

A great amount of detail resulted from the initial
geologic mapping. Maps and cross sections were made
at a scale of 1:60 (1 inch = 5 feet) and even larger scales
were attempted. Cross sections were made at intervals of
roughly 6 meters (20 feet) and multi-level mapping was
carried out at a vertical spacing of about 1.5 meters (5
feet), which amounted to a map for each of the five floors
(squareset levels) in the initial stope. Mining engineers’
maps showed each squareset mined and these maps made
it quite convenient for the geologist to plot the geology
observed in the walls, back, or floors in each series of sets.
After several entries had been made into the A Ore Body
and after stoping had exposed several hundred feet of
mine wall, it became apparent that some of the barren
ground immediately adjacent to the high-grade ore had a
pale to strong rusty to green color. This color or staining
was later found to be an extremely significant and valuable
guide to the occurrence of mineralization and ore. On
the surface above the mine, sand and gravel colors were
often difficult to determine from rotary drill cuttings as
observed by the geologists. Usually a hand lens was used in
the examination of cuttings in order to prepare lithologic
descriptions of the wet samples, and this was a challenge
particularly during winter months on the Shirley Basin,
with strong winds and cold temperatures. The cuttings,
of necessity, were mixed with drilling mud, which tends
to obscure the sample colors.

In the early stages of mining, several avenues of
geological work converged to point out how and why
the rusty stain (later called alteration) could be used as
an indicator of mineralization and possibly ore. These
avenues included: 1) detailed field logging of drill cuttings,
2) construction of detailed geologic cross sections from
resistance logs and hand written sample descriptions, 3)
improvement of detailed notation of gamma logs, and
4) detailed geologic observations in the mine itself. The
detailed geologic cross sections, constructed at a scale of
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1:240 (1 inch = 20 feet), were found to be particularly
helpful in understanding the large-scale mineralization
habits and contributed other clues to the nature of the ore
occurrence. This basic geologic work resulted in significant
improvements in the geologic mapping techniques, which
will be discussed later.

A Ore Body

The A Ore Body was found to occur within an
erosional scour where the Turtle Sand cut through the
Eucalyptus Clay to the top of the Sage Sand, but that
knowledge was gained only after several weeks of mining.
The first exposures were in a raise and crosscut driven from
the Al Drift. It was an exciting time when an ore body
was about to be exposed underground for the first time.
This first ore exposure was found to be of very high grade
locally, with some individual sample assays exceeding
10.0% U3OS. Brightly colored clay galls, fragments, and
balls derived from the Eucalyptus Clay were found within
the gravel in the scour zone. Most of the barren ground
was observed to have a rusty to greenish hue and virtually
all the high-grade ore was within a meter or so of rusty to
greenish colored ground (Figures 3 and 4). Much of the
black uranium mineralization occurred in sand and gravel
without any observable local concentration medium such
as carbonaceous trash, but mineralization was also found
to be concentrated around carbonaceous trash fragments.
Hematitic calcite was found associated with much of the
ore.

Extremely detailed geologic mapping 1:60 (1 inch =5
feet) was carried out in the A Ore Body. Color photographs
were also taken, although obtaining good quality photos

Figure 3. Black high grade uranium ore, green clay, and brightly
colored clay fragments found in sand and gravel in the A Ore
Body. Altered ground lies above the ore in this photograph.
Scale: black marks on tape measure are 30.5 cm (12”) apart.
Photo by R. V. Bailey.



Figure 4. Colorful clay fragments (balls) in both altered and
unaltered ground. The black zone of high grade uranium
mineralization surrounds altered ground in the upper right-
hand corner. Photo by R. V. Bailey.

was difficult due to wall lagging covering many of the
exposures. It was thought at the time that gathering a
large amount of initial detail might avoid costly omission
of data that would later prove to be important.

The real significance of altered ground and
mineralization features was not recognized until mining
in the A Ore Body was near completion. On the basis
of the sections and maps compiled, the locations and
elevations of mineralized features were later plotted on the
A Ore Body maps. It was noted that there were some “C”
shaped features and a name was needed for descriptions.
Someone had read a report by the U.S. Geological Survey
on uranium deposits in the Colorado Plateau area and the
author therein had used the term “rolls” to describe “C”
shaped features. That term was adopted for use with the
features seen in the Shirley Basin Mine. Later the term
“front” was added so the term became “roll front.”

Mapping revealed that the A Ore Body occurred in a
channel area where streams that deposited the Turtle Sand
had scoured away a portion of Eucalyptus Clay and had
cut down into the Upper Sage Sand. The ore body was
formed in the channel by mineralization directly related
to what was later recognized as the major Turtle Sand
geochemical roll front. Mineralization associated with this
front also combined or commingled with mineralization
on the upper limb of the underlying Sage Sand front,
but it appeared that alteration was not continuous from
one sand down to the other. However, the mineralization
associated with the Turtle Sand roll front could have tied
in with the underlying major roll front in the Sage Sand,
but there was no opportunity to verify this concept.

“Normal” and “abnormal” colors were recognized
for the sands as well as the clays. The Sage Sand was
typically light gray except where it had been affected by
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the mineralizing and oxidizing groundwater. The Turtle
Sand was also normally a gray color. The oxidized-
appearing sands, later called “altered sands,” were rusty
to greenish. The clay was normally gray-green, but the
color of isolated fragments of it, too, could be changed by
the mineralizing solutions, as evidenced by clay fragments
and balls containing red colors found in the A Ore Body.

Al Drift

The Al Drift was driven 128 meters (420 feet)
past the A Ore Body and remained within a persistent
coarse to silty gray sand. The drift penetrated ore within
the Upper Sage Sand near what was then the south
end of the drift and it was interesting to find that after
passing through the ore, the drift entered a rusty-colored
silty sand in distinct contrast to the earlier gray sand
through which it had been driven. Except for the grain
size difference, the rusty staining here was recognized as
identical to the staining exposed in the A Ore Body. The
rusty altered ground in Al was overlain by a thin zone of
uranium mineralization, and this in turn was overlain by
normal gray unaltered ground just under the Eucalyptus
Clay. Thus, the concept of mineralization concentration
at the altered-unaltered contact was found to hold true.
However, the evidence began to suggest that practically
no uranium mineralization would be found anywhere
in these sands except directly associated with the contact
between altered and unaltered sand. The rusty looking

Figure 5. Rusty altered ground in lower part of the photograph
is overlain by a thin band of black uraninite mineralization. The
contact between altered ground and mineralization is very
sharp, but the minerialization fades gradually into overlying gray
unaltered ground. Cross bedding in the Shirley Basin deposits
typlically has little or no effect on mineralized zone location; as
shown in this photograph the cross bedding is dipping left and
the mineralization is dipping right. Scale: black marks on tape
measure are 30.5 cm (12”) apart. Photo by R. V. Bailey.



Figure 6.Cross bedding emphasized by uraninite. Carbonaceous
trash in the cross beds is believed to localize mineralization.
Lighter colored ground behind the post at the bottom of the
photo is probably altered. Note diffusion banding left of card
crossing the bedding. Scale: yellow card is 10 cm x 15 cm (4" x
6"). Photo by R. V. Bailey.

sand and gravel clearly appeared to be oxidized or “altered”
as it came to be called, while the gray sand was unoxidized
or reduced. Pyrite was also found in the unoxidized or
reduced sand and was absent in the oxidized or altered
sand.

The contact was typically
very sharp and the transition
from barren rusty ground
to black high-grade ore
could often be covered by a
silver dollar. Cross bedding
was sometimes found to be
emphasized by mineralization

(Figures 5 and 6). In order

to take photographs of
mineralized features, such
as those shown here, the

mine geologist often found it
necessary to go down the mine
at odd hours, even midnight,
when he expected crucial
features to be exposed in the
stopes or in the drifts. There
were three shifts working in
the mine so the odd hour mine
visits did not cause production
disruptions.

In addition to handling
mine mapping responsibilities,

the surface as well as compiling cross sections to assist with
mine planning and to efliciently oversee drilling. Previous
efforts to understand the nature and configuration of the
uranium deposits were unsuccessful, and geological cross
sections contained question marks where ore occurrences
might be expected or planned upon, or mineralization
characteristics were simply not understood. There was a
eureka moment for the mine geologist when he realized
that the features he had been observing underground (ore
at an altered/unaltered interface) were where uranium ore
could not only be expected but could be planned upon.
Even the higher grade occurrences could be predicted
with amazing accuracy.

Figure 7 illustrates the impact that this realization
had on geological interpretations at the Shirley Basin
Mine. The upper section (Xa) illustrates five drill holes
(numbered 1 through 5), which drilled through the Turtle
Sand and the Sage Sand and, encountered seemingly
erratic uranium mineralization in thin streaks (shown
in red). The early geologists could not make sense of the
occurrences and for them there was no indication that
high-grade ore might exist between drill holes. The lower
section (Xb) illustrates the results when the mine geologist
reanalyzed the data and returned to drill two holes: one
between holes 1 and 2, and one between holes 4 and 5.
The roll front theory, developed underground, had been
proven to work perfectly when applied to drilling to

the mine geologistalso directed  igyre 7. Hypothetical Cross Section X-X! Xa) Increasingly erratic uranium mineralization
exploration and development gerived from drilling information. Xb) With roll front interpretation, two additional drill holes, 6
drilling with two drilling rigs on  and 7, encounter ore grade uranium deposits.
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Figure 8. Example of contact between altered and unaltered
ground and associated mineralization. This photograph
emphasizes quite well the gross color differences between
greenish altered ground below and gray unaltered ground
above. The dark spots in altered ground are fragments of sand
which have fallen down from above. Photo by R. V. Bailey.

Figure 9. Geochemical front (roll) encountered in A7 Drift
a few sets west of A1 Drift. Altered and leached ground is on
the left with a band of black high-grade ore along the contact.
The white material in the ore is calcite and the red material is
hematite within calcite. The altered ground in the left of the
photograph is a calcite concretion rich in hematite and which
also contains uraninite. Note that the contact freely crosses the
cross bedding. Near the center of the photograph, ore protrudes
into altered ground at a spot where coalified plant remains are
abundant and where there may be less permeability than in the
and surrounding sand. Photo by R. V. Bailey.

intercept roll fronts, even between holes where only low
grade mineralization had been encountered previously.
In addition, the roll fronts and their anticipated location
and grade could be plotted on maps with considerable
accuracy based on data from the existing grid of drill
holes. A shining light of new knowledge had revealed the

nature of these deposits.

B5 Winze and Drift

The B5 Winze and Drift were driven west
northwesterly from the Al Drift at a time when it was not
yet known whether proposed underhanded mining would
be successful in the Shirley Basin Mine. The B5 Drift was
driven the first 15.2 meters (50 feet) in unaltered ground.
An inclined winze was then driven another 15.2 meters
(50 feet) followed by 42.7 meters (140 feet) of drift to the
west-northwest. The winze penetrated mineralized ground
and exposed altered sands beneath the mineralization.
Once again, the best mineralization grades were at the
contact (Figure 8).

Stopes North of A7 Drift

The A7 Drift was driven westerly from near the south
end of the Al Drift, and after penetrating some ore along a
roll front for a short distance, passed into virtually all rusty
ground with a thin zone of mineralization in the back
overlain by gray sand. The mine geologist later learned
that the roll front encountered was actually a subsidiary

Figure 10. Front or roll exposed in stope north of A7 Drift. Once
again the blackest and best ore is in a zone nearest the altered
ground (right side of the photograph). In small scale, little or no
calcite occurs with the highest grade ore and this phenomena
was found to hold true throughout the entire mine. The soft,
slabby character of the sand is apparent. Photo by R. V. Bailey.



Figure 11. An example of a tongue of altered ground surrounded on all sides by high grade mineralization. This tongue is part of
the large body of a altered ground also tongue-shaped, which lies both south of and below this stope (the view in the photograph
is toward the south). Calcite is completely absent in altered but is visible as pink to white material in lower part of photo. Vertical
marks in altered ground in right-hand of the photo were caused by pneumatic spader. (Note: Two photos were digitally combined
to create this image.) Photo by R. V. Bailey.

Figure 12. Lean ore with high grade concentrations of uraninite
around plant fragments. No altered ground is present at this
location. Scale: black marks on tape measure are 30.5 cm (4” x
6"). Photo by R. V. Bailey.

roll front on the upper limb of mineralization in the Sage
Sand. A significant amount of ore was produced from
these subsidiary roll fronts.

As the drift was being advanced, so-called haulage
‘scrams’ were being driven at an incline down toward the
north so that stoping and production could be maintained.
Once again, in these stopes rusty to greenish ground was
below the workings and was directly associated with the
highest grade ore. Most of the ore occurred along roll-
like and tongue-like features that had been observed but
not mapped as such in the A Ore Body (Figures 9 — 12)
because such features were not yet recognized when the
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A Ore Body was being mined. All stopes were underlain
by altered ground. Mineralogical studies tentatively
indicated that rusty staining in the altered sand was
caused by the presence of limonite. Clay studies indicated
that unaltered ground contained only montmorillonite
and that altered ground contained mostly nontronite, an
iron-rich montmorillonite. No kaolinite was identified.

As in the A Ore Body, multi-level mapping was
initiated in stopes north of the A7 Drift. However, in
recognition of the importance of alteration and of the roll
features, it was clear that a single plan map showing the
rolls, superimposed where necessary and would address
the requirements of the geological mapping. Elevation of
the roll apex was determined and recorded. Symbols were
developed to show how many and which squareset floors
had been stoped. It was found that mapping did not need
to be carried out on a scale of 1:60 (1 inch = 5 feet), so
a scale of 1:240 (1 inch = 20 feet) was now employed
for both cross sections and maps. A detailed examination
and recording of practically all faces exposed in the mine
continued and those observations were incorporated into
the single plan map and noted by the mine geologist.

At this stage of the program the underground
mapping along with the 1:240 (1 inch = 20 feet) scale
cross sections constructed from drill hole data began
to point out the significance of both the rusty “altered”
ground and the roll-like features. The mine geologist
began plotting the locations of these roll features on the
mine maps and after several more weeks of mapping it was
found that the features did have continuity. The highest
grade ore was always in close proximity to alteration, and
the occurrence of mineralization could be anticipated at
the contact between altered and unaltered ground. The



working hypothesis was confirmed.

A6 Drift

The A6 Dirift was driven southeastward from the Al
Drift and once again, underhanded stoping was employed
north of the drift. The mine geologist could now attempt
to predict, with some reasonable assurance of accuracy,
where the contact between altered and unaltered ground
might be found and where ore associated with the rolls
could be anticipated. It was noted that mineralization
and ore in the Al Drift and below and north of both
the A7 and A6 were underlain by rusty altered ground.
Sand exposed above the mineralized ground was found to
be gray and unaltered. It appeared that the highest grade
mineralization in the drift and stope areas occurred where
the altered-unaltered contact transected bedding and lost
elevation to the north, mostly through a series of rolls.
Calcite sometimes found with ore appeared to locally have
the effect of retarding the advancement of the altering and
mineralizing solutions (Figures 13, 14, and 15).

The true configuration of the mineralization in the
mine area was now becoming more apparent. Work on the
geologic cross sections from drill hole data substantiated
the notion that practically all of the uranium mineralization
(certainly all of the significant uranium mineralization)
was directly related to the altered-unaltered contact. It
was also found that even though geologists first on the job
had failed to record rusty to green staining of the sands

Figure 13.Roll exposed north of A6 Drift. Altered ground is to the
right and solution movement was right to left. The change from
barren altered ground to ore here occurs without a rich black
high grade zone along the contact. Uraninite is concentrated;
however, around plant fragments in mineralized ground. In the
concretion at the top of the photo, hematite is scarce along
the edges of the concretion and uraninite is very scarce in the
interior of the concretion, suggesting that calcite and hematite
deposition preceded uraninite deposition. Scale: yellow card is
10 cm x 15 cm (4"x 6”). Photo by R. V. Bailey.
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Figure 14. This is a view of the upper limb of the roll seen in
Figure 13. Altered ground is in the lower half of the photo.
Again uraninite is absent from the tightly-cemented portions
of the calcite and is concentrated around plant fragments. The
curvature of the contact here may be due to restraint on the
advancing solutions by permeability loss in the calcite. In other
places calcite also appears to have retarded the advancement of
alterning-leaching solutions by chemical reaction. Scale: black
marks on tape measure are 30.5 cm (12") apart. Photo by R. V.
Bailey.

Figure 15. A face of very high-grade ore. No alteration is visible
although the photograph was taken just ahead of a roll. The
black material is sand, strongly impregnated with uraninite.
Hematitic calcite concretions which contain uraninite in the
more permeable parts, here were formed parallel to the dip of
the cross bedding. The marks in the ore near the card were made
by a pneumatic spader. Scale: yellow card is 10 cm x 15 cm (4" x
6"). Photo by R. V. Bailey.



Figure 16. Portion of the reduced drill hole probe record of hole YD-636. Original scale was 1"=10"(2.54 cm = 3.05 m); scale here is
I”=25"(2.54 cm = 7.6 m). Reducing the resistance-gamma portions of the records in this manner was found to be a good time and
space saver in addition to saving wear and tear on the original records. On the resistance side of the record, the sands can be quite
easily distinguished from the clays, and the more porous sands (coarser) can be distinguished from those which are less porous. This
phenomena is caused by the more highly resistive character of the water in the coarse sands compared with the water in the clays or
silty sands. This hole penetrated two mineralized zones in the Turtle Sand and two in the Sage Sand. Through an examination of the
drill cuttings, the geologist can determine which parts, if any, of the penetrated section are altered. In this case, the alteration was
present between the two prominent anomalies in each sand. With practice, the geologist can learn to pick probable altered ground
on the basis of the anamalies, but if at all possible the cuttings from the section of interest should be logged in detail in the field.

on lithologic logs of drill cuttings, the altered-unaltered
contact could usually be picked with reasonable accuracy
on the basis of mineralization intensity from gamma logs
of the drill holes (Figures 16 and 17). Furthermore, it was
found that the overall shape of the mineralized feature in
cross section and in plan view, within a particular sand
unit, was that of a tongue. The altered ground was within
the tongue with uranium mineralization along the sides
as well as the top and bottom of the tongue. The best
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ore appeared to be concentrated along the leading edges
of the tongue, but ore also occurred on the lateral edges.
The mineralizing solutions appeared to have been moving
down dip from southeast to northwest. The location of
the tongue in the sand unit appeared to be controlled by
the transmissivity of the aquifer in which it was emplaced.
It was thought that if the tongue theory were true, it could
quite obviously be an extremely valuable guide to the
occurrence of uranium in the Shirley Basin and perhaps
in other locations where uranium deposits in sandstone



Figure 17. Portion of the reduced drill hole probe record of hole YD-637, which was drilled 27.4 meters north of YD-636. Nearly
identical resistance records were obtained from the two holes, but YD-637 encountered only one mineralized zone (and ore) in
each sand. No alteration was found in this hole thus indicating that two rolls or fronts which are convex northward are present

somewhere in the 27.4 meters (90 feet) between these two holes.

existed.

The first important test for this theory was to
determine if the alignment of several grid drill holes,
which had encountered high-grade ore in the Turtle
Sand, could be attributed to a tongue edge (later termed
a roll front). An attempt to utilize this procedure was
surprisingly successful. Not only did the high-grade holes
fall into place along the leading edge of the tongue in
the Turtle Sand, but also the occurrence of additional ore
was very accurately predicted along the lateral edge of the
tongue in an area where no ore had been encountered
through grid drilling. Mining of this area will be discussed
under the A420 through A428 stopes.
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A7 Drift

As stoping northeast of the A6 Drift was being carried
out, the A7 Drift advanced farther west to permit the
extraction of more ore from the area north of the drift.
Once again, as these additional stopes were opened,
mineralization and ore were consistently found at the
contact between altered and unaltered ground. No ore
and practically no mineralization were found anywhere
else. As now anticipated, all except the western most
stopes were underlain by altered ground, with unaltered
ground found above the mineralization.

Figure 18 (Page 14) illustrates two geologic cross



Figure 18 (A). Location map for cross sections through A333 and A331.
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Figure 18 (B). Cross sections through A333 and A331.
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sections that were made and used in the course of mining
both north and south of the A7 Drift. Drill holes are
shown on the sections along with mineralization from
drill hole probing. Uranium mineralization is shown in
red with the shade of color indicative of grade. Calcite
concretions are colored blue; calcite is very scarce except
in concretions near the ore. Altered ground is shown as
a rusty color and unaltered ground is colored gray. A
stratigraphically lower geochemical front or roll that was
not mined underground but is in the Sage Sand is shown
in the lower part of the sections. A shallower roll that was
mined north of the A7 Drift in A331 passes under the
A7 Drift and is exposed again south of the A7 Dirift in
the A333 section. Notice that the deep and shallow rolls
are concave in opposite directions. East of these sections,
the altered ground to which each of these rolls is related,
is continuous.

As the A7 Drift progressed west, the altered-unaltered
contact that occurred near the back for several hundred
feet was found to lose elevation and finally disappear
through the bottom of the drift. Thus, on the west end
the A1 Drift was driven entirely in unaltered ground.

Additional raises were now planned to permit the
extraction of ore, which had been discovered by holes
drilled early in the grid program, penetrating the Turtle
Sand. The raises were planned in an area not yet opened
by any other mining, but in an area where roll locations
had been predicted and plotted on maps by the mine
geologist. Here was the first real underground test of the
roll front hypothesis and whether it could be successfully
used in the prediction of uranium ore locations for
underground mining purposes.

A420 Through A428 Stopes

The A201 Raise was the first one driven and was
from the A10 Drift (a short stub from the A7 Dirift).
Excavation of the raise passed through about 3.5 meters
(12 feet) of Eucalyptus Clay. After encountering a great
deal of perched water, the raise penetrated the Turtle Sand
(gravel at this location) where moderate grade (0.30 to
about 0.60%) uranium mineralization was found. As
anticipated by the geologist, no alteration was found at
the raise location. The mine geologist’s maps had shown
a high grade roll front in the Turtle Sand about 15 meters
(50 feet) south of the raise, with no alteration between
the raise and the roll. A cross-cut driven south from the
raise proved the prediction to be accurate within about 3
meters (10 feet). A pre-mining map, post-mining map,
and cross section of the A201 area are shown in figures 19,
20, and 21. The roll, the altered ground, and the ore were
all found to have a relationship as had been predicted. The
roll front theory was working well. Mine manager Mack
Tilley was very happy to have accurate and dependable
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ore predictions. On more than one occasion, the mine
geologist pointed out where there was ore above or below
scrams driven for ore production.

Stopingalong the Turtle Sand roll in the A420 through
the A428 stopes was carried out entirely along the roll.
Practically no ore was found on the upper or lower limbs,
which of course existed above or below altered ground.
Almost all of the ore bottomed on the Eucalyptus Clay,
an impermeable solution barrier.

The geologist could now re-evaluate some of the
carlier data from drilling and mapping and incorporate
this additional information in new predictions of
mineralization, roll, and ore occurrences. In addition, it
now appeared that this approach would have extremely
important implications for future drilling plans, including
drill hole spacing. All previous drilling had been carried
out on a grid basis, but if the ore occurred along definable
rolls associated principally with the edge of alteration,
it was entirely possible that with accurate roll location
prediction, drilling could be done on closely spaced
‘fences’ perpendicular to the roll trend to yield details of
ore thickness, width, and grade.

The edge of the tongue, along which most of the
ore occurred, was understandably found to be quite
sinuous in the Turtle Sand. While existing grid drilling
was seen as adequate in some areas, it appeared to be
inadequate in others. The mine manager needed accurate
identification of areas containing ore grade and thickness
mineralization. In the areas where the geologist felt more
control was desirable, fence drilling was recommended
and carried out.

South of A7 Drift

Stoping north of the A7 Drift had revealed that the
major subsidiary roll there turned south from a westerly
trend and apparently passed under the A7 Drift (Figure
18). The term subsidiary roll was coined to describe roll
features that were not major or terminal rolls. Early grid
drilling in the area south of the A7 Drift had revealed the
existence of moderate grade but quite thick ore in that
area, up to 6 meters (20 feet).

Underhanded stoping was again used south of the A7
Drift where the geologist had once again plotted a roll
and associated ore before stoping began. Drilling other
than grid was not recommended in this area because of the
apparent roll continuity and rather widespread character
of the ore. As the stopes were opened, this prediction was
found to be true and it was assumed that the major roll in
this area was the same one that had been followed north
of the A7 Drift. One important feature that differed
markedly from the area north of the drift was that here
the major roll was not a subsidiary roll as had been the
case to the north. South of the drift, in the area west of



Figure 19. Pre-mining geological map of Turtle Sand in A201 Raise area. Possible roll location was indicated, along with possible
edges of ore. Grid drilling was on both 50 and 100 foot centers. Note: two mineralized zones south of roll, one zone north of roll.

the A331, no altered ground existed below the horizon
which was mined, indicating that the roll that had been a
subsidiary roll north of the drift had become a major roll
as shown in Figure 18.

Mapping and cross section work now indicated that
the elevation of the apex of a roll could be a very valuable
guide in differentiating between rolls or in efforts to
determine roll location and trend. The rolls had a very
strong tendency to maintain a constant elevation, and
experience showed that a roll at elevation 2,067 meters
(6,780 feet) could be expected to maintain essentially the
same elevation and was not to be confused with one at
2,055 meters (6,740 feet), several tens of meters (a few
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hundred feet) away.

South of the A7, as in other stopes, photographs were
taken to illustrate the appearance of the ore, altered ground,
calcite within the ore, and to illustrate the relationship
between altered and unaltered ground (Figures 22 — 28).
Water continued to be a problem throughout most of the
mine (Figure 29). Some of the stopes, both north and
south of the 7, were actually opened in ground, which
was below the cone of depression created by water wells
located near the shaft. This created disagreeable but not
necessarily dangerous working conditions, and many of
the stopes had to be constantly pumped. Pumping itself
was difficult because the pumps were frequently being



Figure 20. Map of A201 Raise area after completion of stoping. Roll and edges of ore were found to be nearly where
anticipated.

Figure 21. Cross section through A201 Raise along line A-A’
17



Figure 22. Major Turtle Sand roll in A428. Altered ground is on
the left contains sufficient uraninite so that it is ore grade within
61 cm of the roll. A bluish-gray band is visible paralleling the
roll curvature next to the black high-grade ore. This coloration
may be due to selenium concentration at the roll. Once again
the curvature of the roll freely crosses the cross bedding even
though here the host rock is of sand and gravel. Photo by R. V.
Bailey.

Figure 23. Sage Sand roll south of A7 Drift. This face
underground presented an unusual opportunity for the
geologist-photographer because an excellent roll was exposed
and a large face (about 2.7 m (9') high and 2.1 m (7') wide) was
standing open without timber to block the view. The roll here
does not display the usual band of rich mineralization along
the contact but nevertheless the gradation from barren altered
ground on the left to ore on the right is quite sharp. Uraninite
is concentrated around plant fragments in the cross bedding. A
calcite concretion can be seen in the lower right corner near the
pneumatic spader. There is an apparent displacement near the
roll due to the sand on the right jutting about one foot toward
the camera. Photo by R. V. Bailey.
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Figure 24. Irregular contact on the lower limb of the Sage Sand
roll. Altered ground is above the mineralization. The irregularity
is due to restraint on the altering solutions by hematitic
calcite and carbonaceous material. Note that the two largest
projections into altered ground have a hematitic calcite ‘core!
The black fingers into altered ground have a carbonaceous ‘core!
This stope was below the water table and two feet of mud and
water were in the bottom of the stope when this picture was
taken. Photo by R. V. Bailey.

Figure 25. Black high-grade ore is here concentrated along the
contact. Cross bedding which is invisible in the altered ground
is easily recognized in the ore. Timbering and lagging very often
prevented photographing interesting faces seen in the mine.
Photo by R. V. Bailey.



Figure 26. A tube of altered ground surrounded by ore. The
angle of the wide part of the tube parallels the dip of the cross
bedding. This tube was found in an area of rather complex
mineralization where several subsidiary rolls, as well as one
major roll were present. The tube was closed on one end, and
the other end was connected with the large body of altered
ground in the Sage Sand. The calcite in the right-hand corner
is shown in more detail in Figure 27 below. Photo by R. V. Bailey.

Figure 27. The calcite here has a shape of a roll itself. It dips with
the cross bedding but to a lesser degree than the tube. The black
mineralization in the lower right-hand corner is associated with
altered ground below and to the right of this picture. Photo by
R. V. Bailey.
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Figure 28. A roll with distincly rusty altered ground on the
right. The inclination of the roll with the cross bedding is strictly
a local feature. The gray sand just above the altered ground is
unaltered ground, which has fallen down from above. The cavity
and timber in the upper left corner indicates that the set above
the photo has been mined out. Photo by R. V. Bailey.

Figure 29. Clear water running down the A9 Drift (toward the
camera) is joined by uo,_ bearing water from a stope where high-
grade ore is being mined. A considerable amount of uraninite,
which mostly occurs as a sand grain coating is removed from the
sand agitation in water in the course of mining. Surface settling
ponds were used to recover much of the uranium pumped out
in mine waters. Note: the blue pencil in the sand at confluence.
Photo by R. V. Bailey.



Figure 30. A car containing ore mud is ready to be trammed to the shaft for hoisting to
the surface. The fingers of the trammer’s glove are in the black glossy mud and his jacket
can be seen reflected on the surface of the ore. Much of the Shirley Basin ore shipped
to the surface was of this consistency. Behind the trammer, closely-spaced wall lagging
can be seen. Photo by R. V. Bailey.

jammed or covered with loose sand.
With often 60 to 90 cm (2 to 3
feet) of water in the stopes and ore
made up of uncemented sand and
silty sand, not many slusher bucket
passes were required before black,
uranium-bearing mud in the haulage
scrams became at least knee deep
(Figure 30). These slusher or haulage
scrams provided the only access to
the workings

A454 — A456 Stopes

The re-evaluation of Turtle Sand
mineralization, in light of the tongue
or roll front theory, suggested the
possible occurrence of ore in an
area within a previously drilled grid
where no ore had been encountered.
The geologist recommended that
a drilling program be initiated in

A Suspicious Fossil

Miners working underground at the Shirley Basin
Mine were a friendly lot, and for the most part enjoyed
working underground. The remark was often made that
they would rather be working underground with pleasant
temperature conditions than working on the surface,
particularly during freezing winter weather. They also
enjoyed a good joke. During one summer, the mine
geologist in performing fieldwork found the bleached
white skull of a domestic sheep ram complete with curled
horns. Planning a joke on the miners, he took the skull
back to the office where he had a bag of loose black sand,
which was Shirley Basin high-grade ore. He packed the
skull with the black sand, and after painting the skull
black rolled it with the wet paint in the black uraniferous
sand so it was covered with high-grade ore.

After a week or so when the paint was thoroughly dry,
the geologist went down the mine between the day shift
and the evening shift with the skull concealed in a bag. He
went to a stope where black, high-grade ore was exposed
and used a shovel to dig into the face about half a meter
where he planted the sheep skull.

The next morning, there was excitement at the mine.
Two of the miners on the evening shift had found a “fossil”
and one of them then drove to Laramie with the specimen
to show the paleontologists at the University of Wyoming.
When he returned that afternoon to report that it was a
fake, the miners jokingly tried to figure out who of the
other miners had played a trick on them.
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that area with drill hole spacing on

then unheard of 3.05 meters (10-
foot centers) to determine the location of the roll and
to determine if ore was present along the roll in the
Turtle Sand. Seven holes were drilled on 10-foot centers
in an area where a 30.5-meter (100 foot) drill grid had
encountered no ore. Six of the seven holes encountered
ore grade mineralization. This represented another success
for the roll front theory.

Several months later, a scram was driven out from A6
Drift and a raise driven up to the A Sand in an area where
ore-grade mineralization had been encountered by grid
drilling. Extremely complex mineralization was found
in this area and multiple level mapping once again was
required in order to adequately map the features. It was
again demonstrated that the best ore concentrations were
on rolls and that virtually all mineralization in the mine
area was directly related to the altered-unaltered contact
(Figures 24 and 25). Although multi-level maps were
employed because of the mineral complexity in this area,
it was found that a scale of 1:240 (1 inch = 20 feet) was
adequate for geologic mapping purposes.

A9 Drift

The A9 Drift was driven southwest from near the
middle of the A7 Drift in lithologically uniform upper
Sage Sand, as found earlier in the A1, A6, and A7 drifts.
The A9 was driven for more than two-thirds its length in
altered sand with the altered-unaltered contact exposed in
the back. As the A9 Drift approached the location where
the major Sage Sand roll had been projected from the area



south of the A7 Drift, the altered-unaltered contact was
found to lose elevation as expected, and disappeared in
the bottom of the drift. The A9 Drift was then driven
for the remainder of its length in unaltered coarse to silty
sand.

It should be pointed out that in driving the drifts in
the Shirley Basin Mine only a small amount of explosives
were used. Indeed, sometimes only with great difficulty
was serious back caving and face caving at the heading was
prevented. The sand that did not cave or slough off could
usually be easily dug with pneumatic spaders. Long-hole
drilling ahead of the drift was employed in the later stages
of mining. This was found to help a great deal in lowering
water from high up in the face and back.

As the A9 Dirift approached its southernmost point
shown on the map (Figure 35), it emerged from under
the Eucalyptus Clay (which had been scoured away) and
encountered a great deal of perched water in the Turtle
Sand. The drift was lost several times in this area and

drifting finally was stopped because of the excessive water
and back caving (Figures 26 — 28).

A448, A451, and A460 Stopes

The A448 Stope was driven northwest and north
from the A9 Drift along the major Sage Sand roll, and the
A451 stope was driven south from the A9 along the same
roll; both were underhanded stopes. As a general rule in
the Shirley Basin Mine, little ore was found on the limbs
above and below altered ground, but in the A451, some
good ore was found on the lower limb. The occurrence of
this ore on the lower limb had been anticipated because it
had been predicted on the mine geologist’s maps, but fence
drilling was also recommended to define more adequately
the roll location, ore width, thickness, and grade.

The roll trend itself in the A451 and the A460 to the
south was very straight. In a distance of almost 150 meters
(500 feet), the roll location varied less than 4.6 meters
(15 feet) from a straight line (Figure 35). The elevation of
the roll apex rose slightly to the south with practically no
fluctuations. This alignment is testament to the uniform
character of the host sand.

While the A9 Drift was being driven south, studies
of drill hole data in the area ahead of it and for which
mining was planned, indicated that mineralization in
the area was quite complicated due primarily to complex
sedimentary features such as scours and channel fills. It
was recommended that additional grid drilling be carried
out so the geological features could be better understood
before any closer spaced drilling, if needed, could be
considered.

A458 - A461 Scrams
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Development scrams were driven from near the end
of the A9 Drift and raises were driven up from the scrams
to the Turtle Sand. This area was within that recognized
as being extremely complex, but as previously noted,
an attempt had been made by the geologist to pick roll
locations from grid drilling information.

Complex mineralization was encountered in the
A458 and A461 scrams in the Turtle Sand. Ore assumed
to be ahead of a roll was found instead on the lower
limb. Another roll was found where projected, but
it had very little ore associated with it; clay interbeds
within the Turtle Sand caused many complex but weak
mineralization features and altered ground extended into
an area where none had been projected. Nevertheless,
the basic mineralization concepts of the roll fronts were
found to hold true (Figures 33 — 37).

In the A458 scram, the best ore encountered by a
grid drill hole was found on the lower limb rather than
just ahead of a roll, but the stoping there (albeit limited)
revealed the presence of a possible major roll. The ore on
the lower limb was actually in the upper Sage Sand and
had migrated there from the Turtle Sand through a scour
in the Eucalyptus Clay. The scour had been anticipated
from resistance log interpretations. At about that point
in time development work was stopped because of
pending contract changes proposed by the U.S. Atomic

Figure 31. Part of roll A454 shaped like a reverse “3". The host
rock here is sand and gravel in the Turtle Sand. The projection
of mineralization into altered ground at the center of the “3” was
probably caused by a clayey and less permeable zone, which
retarded the advancement of mineralization solutions, and
which were moving from right to left. Scale: yellow card is 10 cm
x 15 cm (4" x 6”). Photo by R. V. Bailey.



Figure 32. A V-shaped roll exposed in A454. The red and yellow
spots in altered ground are clay fragments, which were gray-
green before they were altered by mineralizing solutions. The
face in the lower half of the photo is water-saturated and light
reflecting on the water created the appearance of many small
white spots in the black ore. Photo by R. V. Bailey.

Figure 33. Altered ground exposed in drift with a thin zone
of uraninite separating altered from unaltered ground above.
The calcite concretion played the role of retarding the upward
advancement of the altering solutions. Color bands, which
might well be called reaction bands, are visible from just below
the uraninite to the bottom of the picture and should not
be confused with cross bedding. This photograph shows an
excellent contrast between the rusty color of altered ground
and the gray of unaltered ground, although here the unaltered
ground is slightly darker than normal because of weak
mineralization. Photo by R. V. Bailey.
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Figure 34.The upper limb of Sage Sand mineralization as seen at
one spotin A9 Drift. Here two calcite concretions have restrained
the upward movement of altering solutions but a bulge was
created where the solutions found a pathway between them.
A good color contrast is seen here between altered below and
unaltered above. Photo by R. V. Bailey.

Figure 35. A9 Drift heading near south end after it had
penetrated the water table. Water is dripping and running into
the drift from the face, walls, back, and floors. In wet ground such
as this, no face could be left open for more than a few minites
without caving, hence the breast boards shown in this picture.
The vertical streaks scattered in the picture were caused by
water dripping from the back. The drift at this point was being
driven in unaltered silty sand. Photo by R. V. Bailey.



Energy Commission, purchaser of uranium “yellow cake”
concentrate.

In the A461 scram, an apparently major roll was found
but only a small amount of “good” ore was associated
with it. Rather than follow the roll as recommended by
the geologist, a scram was driven through altered ground
toward the YX89 series of holes where the roll was exposed,
again with little associated ore. At this point development
work was stopped.

A13 Drift

Because of excessive water and poor ground
conditions encountered by the A9 Drift and the A9 by-
pass, an alternate drift, the A13 was driven southeast to the
vicinity of the YX89 series of drill holes and then turned
south. The altered-unaltered contact was found about 52
meters (170 feet) southeast of the A9 Drift and 9.1 meters
(30 feet) further southeast, a subsidiary roll (upper limb)
was found. For about 30 meters (100 feet) past the roll,
the drift was in altered ground, at which point unaltered
ground dipping north was encountered [came in] at the
bottom of the drift. The altered-unaltered contact was
very difficult to distinguish in this area because of the sand
colors and the fact that there was essentially no uraninite
or calcite at the contact.

Water running in from the back was not a major
problem in the southern end of the drift, possibly because
of intact Eucalyptus Clay above the drift. Drifting was
stopped on November 27, 1963.

Figure 36. Photograph of a major Turtle Sand roll in A459
where it had taken a sharp turn creating the appearance of
two opposing rolls. Altered ground is present both on the left
and right sides of the picture with ore between and unaltered
ground above. Photo by R. V. Bailey.
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Figure 37. A bulge in the upper limb in A459 sweeps back down
back around a calcite concretion on the left. Most of the hematite
in the concretion is around the perimeter. Unaltered gray sand,
which has fallen from above the mineralization is visible in the
lower right-hand corner of the picture. Photo by R. V. Bailey.

Figure 38. Drill hole YD656 encountered background. This
photograph illustrates why it is almost futile to attempt a direct
comparison of chemical analyses from cores with probe gamma
assays of the drill hole. If the zone shown here had been cored
at the location of drill hole YD656, only a couple of meters of
moderate grade ore would have been found; yet the probe assay
of this zone would have shown several feet of very good ore,
which proved to be the case. The core analysis shows only what
mineralization was in the core itself, whereas the probe ‘sees’ out
a few feet around the drill hole. The gray material in the drill hole
is drilling mud and drill cuttings, which settled to the bottom of
the hole after it was drilled. Photo by R. V. Bailey.



Figure 39. Example of a very good ore face in a very wet stope
in A358. Shot holes have been drilled and are being loaded for
blasting. The working face was shiny with water and the vertical
streaks in the center of the picture were caused by water running
into the stope from the back. Photo by R. V. Bailey.

Figure 40. Example of a very well-formed roll with associated
black high-grade ore. A band of blue-gray mineralization
(possibly selenium-rich) parallels the roll curvature. Photo by
R. V. Bailey.

This concludes the description of individual areas in
the mine.

Major Observed Mineral Features

The accompanyingillustration (Figure 41) was initially
prepared in late—1963 to emphasize the more important
mineral features observed in the mine. The presence or
type of clay, pyrite, limonite, coalified wood, uraninite,
calcite, hematite and color are compared as normally
found in altered, mineralized, and unaltered ground. H.S
gas has been noted in some cores of ore obtained northwest
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of the mining operation. The direction of mineralizing
solution movement appears to have been to the northwest
but current groundwater movement appears to be to the
south, in the same direction as the surface water in the
Little Medicine Bow River. We do not know the pH of
the mineralizing waters but assume it was about the same
as it is currently, approximately 7.8 pH.

Recent Work Performed

Beginning in the summer of 2010, interpretive
work was performed by geologists R. V. Bailey and Matt
Cunningham, who reviewed and analyzed surviving
records from exploration drilling done in the late 1950s
and early 1960s. The purpose of the current presentation
is to put the data in a modern electronic form, and to
comprehensively map out the geochemical fronts both
in cross-section and plan view. This work is important
because historical mapping of the fronts has been shown
on more than one map and the available historical maps
do not cover all areas we had wished to include in this
publication. In addition, few historical cross sections
made when the mine was active are available because they
have been lost or destroyed over time.

In the course of assembling and interpreting the
data needed to present the Shirley Basin maps and cross
sections, a database using Rockworks®, a Microsoft Access
database software, was built with 417 drill holes with
location and certain basic stratigraphic data entered.
Records for a substantial number of holes that were drilled
are not in this database mainly due to non-availability of
the data. The exact number of records missing from the
database is unknown but there were an adequate number
available, as well as maps and cross sections prepared by
Mr. Bailey when the mine was in operation. In addition,
409 geophysical gamma and resistivity logs were scanned
as TIFF images, an electronic image format. The electric
logs made of the Shirley Basin drill holes at the mine were
created using a sort of “homemade” logging unit, which
showed electrical resistivity and gamma radiation. Any
gamma ‘reruns’ (intervals of high radioactivity) had to
be shown on a separate section of the paper printout and
were run at various vertical scales depending on what was
needed for a particular drill hole. Metric scales were not
being used and a radioactive interval might first be logged
at a scale of one inch = 10 feet and then reclogged at a
vertical scale of one inch = 5 feet in order to show more
detail. The multi-scaled logs, however, are difficult to
compare side by side. Nearly two-thirds of the drill holes
in the database have at least one associated scanned log. In
addition to the electronic data, paper photocopies of the
sample description logs (sample descriptions prepared by
the geologists) were made for approximately 250 of the
holes. Some of the drill holes may not have had original



Figure 41. Major observed mineral features in Shirley Basin uranium deposits (hypothetical cross section).
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sample descriptions.

Color descriptions of the sediments being drilled are
of little use as almost everything is described as “blue-
gray’ or “green-gray’ or simply “gray,” but many of
these descriptions were made under very adverse weather
conditions on the Shirley Basin, particularly during the
wintertime. Some logs did not have depths corrected
for the sample lag; that is the samples as laid out for the
geologists by the drillers did not reflect the true depths
subsequently shown on the electric log. Most of the logs,
however, were very useful with precise descriptions of
individual lithologic units and depths accurately adjusted
to account for sample lag. Uranium grade calculations
were recorded by the geologists on the sample logs, a very
important component to this 2011 report.

Summary of Recent Work

For this report, sample description data and depths
of the Turtle and Sage sands and clay units above, within
and below the sands, were entered into Rockworks®.
Lithologic depths were checked against the resistivity
logs (when available); depths were adjusted to match the
resistivities when necessary. Mineralization grade data
recorded on the sample descriptions was also entered into
Rockworks®. With the above data entered, work on 23
cross sections began using Rockplot 2D.

Cross sections, using Rockworks®, were built in
similar format to historical cross sections with red to
indicate mineralization, pale yellow to indicate altered
(oxidized) sand and gray to indicate unaltered (reduced)
sand. Simplified lithology and grade information was also
included on the cross sections.

Two comprehensive maps of the area map were
created with Arc Map®, highlighting the Turtle and Sage
sands individually (Figures 20 and 21). The maps include
roll front locations, area of ore grade mineralization, cross
section locations, and drill hole locations. Roll front and
ore locations are based on the cross sections assembled, as
well as historical underground mining maps. Additional
label information was added to some of the holes to
explain certain symbols used in this report. Drill holes
with no data other than location were given a the label
“ND” (for No Data) and holes with only a scanned
gamma and resistivity log were labeled “G & R only.” For
drill holes that were not used in cross sections but did
have clear alteration/reduction data, a label conveying
that data was added (for example “re Sage,” “Alt Turtle,”
etc.).

Findings

Cross sections confirm the observation that the Sage
and Turtle Sands, as well as the mudstone that separate
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them, are very consistent for the entire area covered by
the database. Roll front geometry based on gamma
configuration is very clear and followed roll-front models
closely. Some complications with determining alteration
were encountered regarding subsidiary rolls. There is also
an interesting area where the altered Sage cell separates
into two distinct cells (see Cross Section I-I’). Final roll
front locations assembled from drill hole data alone
showed very close agreement with the historical findings,
based on stope mapping in the early 1960s by Mr. Bailey.
Discrepancies were mostly limited to sinuosity in the front
in areas where no drill data was available. Note these areas
were not necessarily devoid of drill holes, but rather drill
hole data were not available. Cross sections are included
with this report.

Conclusion

Underground mining at the Utah Construction and
Mining Co. underground site in Shirley Basin, Wyoming,
in the early 1960s provided an excellent opportunity to
study in detail the uranium deposits that occur there in the
Eocene Wind River Formation. The mapping led to the
exciting concept that the ore existed at discreet and well-
defined contacts between oxidized sands, which came to
be called “altered” and reduced or “unaltered” sands. The
term “roll front” or geochemical interface came to be used
to describe the “C” shaped terminal ends of the bodies of
altered sands. At the Shirley Basin Mine the usefulness of
the roll front theory was demonstrated through successful
projections and predictions of uranium ore locations
and trends, as well as for mine planning, exploration,
and development drilling. The concept has subsequently
been used in uranium exploration and development in
many parts of the world where roll fronts have become
recognized.

References Cited

Denson, N. M., 1959, Uranium in coal in the Western United
States: U.S. Geological Survey Bulletin 1055, 315 p.

Love, J. D., 1954, Preliminary report on uranium in the Gas
Hills area, Fremont and Natrona Counties, Wyoming:
U.S. Geological Survey Circular 352, 11 p.

Melin, R. E., 1964, Description and origin of uranium deposits
in Shirley Basin, Wyoming: Economic Geology, v. 59, No.
5, p- 835-849.

Stuckless, J. R., Nkomo, I. T., and Doe, B. R., 1981, U-Th-
Pb systematics in hydrothermally altered granites from
the Granite Mountains, Wyoming: Geochimica et
Cosmochimica Acta, v. 45, p. 635-645.

Stuckless, J.R., and Nkomo, I.T., 1978, Uranium-lead isotope

systematics in uraniferous alkali-rich granites from the



CD Maps and Cross Sections

This publication includes a CD with interactive maps illustrating the cross sections for both the Sage Sand and
Turtle Sand roll fronts. Below are the maps and individual cross sections available on the CD.

Map showing major uranium mineralization features and mine
workings in the Shirley Basin Mine.

The Shirley Basin Mine and the Development of the Roll Front The Shirley Basin Mine and the Development of the Roll Front
Model of Uranium Ore Deposits (Sage Sand Roll Fronts). Model of Uranium Ore Deposits (Turtle Sand Roll Fronts).
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Cross section G-G’ Looking West
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