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APPENDIX DS - GEOLOGY

REGIONAL GEOLOGY
The Gas Hills ISL Project is located in the Gas Hills Uranium Mining District in Central
Wyoming. The Uranium District comprises approximately 40 square miles located in the
south central portion ofthe Wind River Basin along a structural hinge line between the Wind
River Basin and the Split Rock Syncline (Figure D 5-1-1). The approximate demarcation
of this boundary is the Beaver Rim, an east/west trending, north facing 500 to 700 foot high
erosional escarpment.
The Wind River Basin is an 8,000 square mile, trapezoidal shaped foreland basin. The basin
is asymmetric with its synclinal axis located along its northern flank. It is bounded by the
Casper Arch (east), Owl Creek Mountains (north), Wind River Mountains (west) and Granite
Mountains (south) and contains up to 30,000 feet of sediment along its axis. The Wind River
Basin was formed along with other major Wyoming basins during the late Cretaceous and
early Tertiary by a major tectonic event, commonly known as the Laramide Orogeny. The
Laramide Orogeny within the Gas Hills District folded Pre-Tertiary sediments into a series
of asymmetric anticlines and synclines which plunged northwest into the Wind River Basin.
By the end of the Paleocene, these features had been highly incised and breached by erosion.
South ofthe Gas Hills, Precambrian basement rocks were exposed in the Granite Mountains,
and to the north, a thick wedge of Paleocene sediments had been deposited along the axis of
the Wind River Basin. During the early Eocene, high energy streams emanating from the
Granite Mountains deposited their sedimentary load onto the erosional surface in the Gas
Hills area creating a series of alluvial fan deposits. This resulted in an angular unconformity
as the Early Eocene alluvial fans were placed in contact with moderately to steeply dipping
Lower Cretaceous to Pennsylvanian aged sediments. Plate D5-l shows the subsurface PreTertiary geology. These alluvial fan sediments coalesced to form the Wind River Formation,
which is the uranium host in the Gas Hills. As much as 1,000 feet of Wind River sediments
may have been deposited in the area (Soister, 1968). The thickest known preserved section
is 850 feet.
During the late Eocene, fluvial and lacustrine sediments were deposited in the area forming
the Wagon Bed Formation. Regional uplift occurred during early Oligocene and the area was
deeply eroded. This erosional surface was in turn covered with a thick sequence of airborne
derived tuffaceous siltstone forming the White River Formation.
A regional tectonic extension event occurred during late Miocene to early Pliocene time,
which resulted in the collapse of the Granite Mountains and the formation of the Split Rock
Syncline. The Split Rock Syncline is a 6,000 square mile, east-west trending symmetrical
down warp which is bounded on the north and south by fault zones. The syncline has almost
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5000 feet of amplitude. Its axis runs along the crest of the partially buried Granite
Mountains. Within the Permit Area, along the north flank of the Split Rock Syncline, the
Wind River and younger formations were tilted 1 to 3 degrees to the south and cut with
several east-west trending normal faults. Plate D5-2 shows the Tertiary structures in the
Permit Area. Deposition also continued during the Miocene as aeolian and fluvial sediments
were deposited in the Split Rock Syncline forming the Split Rock Formation.
Regional uplift during the late Pliocene and early Pleistocene started the present cycle of
erosion in the area. The existing primary drainages were formed which included: the
Sweetwater River flowing east along the axis ofthe Split Rock Syncline and the Wind River
flowing north through the Wind River Basin. These rivers define the present day topography
in the Gas Hills. Drainages south of the Beaver Rim flow into the Sweetwater River.
Headward erosion by north flowing Wind River tributaries created the Beaver Rim
Escarpment.
The known economic deposits within the Permit Area occur in the Tertiary (Eocene) Wind
River Formation. Although Pre-Tertiary structures (faulting and folding) controlled the
deposition of the Wind River Formation, they do not offset the formation and, thus, do not
influence ISL mining development of the uranium deposits within the Permit Area.
Normal faulting, which occurred during the late Miocene and early Pliocene may have local
effects on ISL mining. Plate D5-2 shows the mapped faults witiin the Permit Area and
distinguishes between subsidiary and traceable faults. For the purposes of this permit,
subsidiary faults are those which have limited displacement and/or are discontinuous laterally
and/or vertically, and would not offset sand units enough to interrupt hydrologic continuity.
Due to their limited displacement and/or limited extent, these faults should not impact ISL
mining. Traceable faults are defined as continuous, mappable faults whichhave a significant
enough displacement to offset sand units to the point that hydrologic continuity may be
interrupted. The impacts of traceable faults are discussed specifically for each mine unit.
Photos of typical fault traces in open pit highwalls within or adjacent to the Permit Area are
provided in Addendum D5-1.
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PERMIT AREA GEOLOGY
Plate D5-3 provides a geologic map ofthe surface geology and a general cross section which
transects the Pennit Area. Cross Sections A-A' through O-O' show detailed stratigraphy and
structure for each of the proposed mining areas. Addendum D5-2 contains copies of the
geophysical logs used to develop the geological interpretation. The recoverable uranium
mineralization is contained within the Eocene Wind River Formation. As shown on the cross
sections, PRI has subdivided the Wind River Formation locally into a series of "sand" and
"shale" units. The "sand" units are numbered by even increments of ten, i.e. 30 Sand, 40
Sand etc., which represent zones of coarser clastic sediments and are dominantly comprised
of dark gray to greenish-gray, medium to coarse grained arkosic sandstone with interbedded
granitic pebble to boulder conglomerates. The sand units are moderately to poorly sorted
sandstone, which locally contain clay and silt fractions as well as clay and siltstone interbeds.
The "sand" units are the zones of higher permeability which contain the ore deposit. The
"shale" units represent zones of finer clastic sediments and consist of dark gray to brownish
gray claystone, mudstone, siltstone and minor amounts of fine grained sandstone. The
contact between sand and shale units can be sharp or gradational.
Sandstones and conglomerates typically coalesce along the axes of the alluvial fan systems.
Along the margins ofthe fans, alternating series of coarse channel sands and conglomerates
with fine-grained overbank deposits are typical. Stratigraphic interpretation within the
Permit Area is complicated by extensive intertonguing of various strata, members and beds
and by post-depositional faulting.
Table D5-2-1 describes the general stratigraphy of the Permit Area.
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Table D5-2-1
The Stratigraphy of PRrs Gas Hills Project
(after Love, 1970)
(Acuifer Designation, after Richter et a. 19S1
Age

Fonnation

Thickness

Aquifer

Lithology

Quatenary

Aluvium (Qa)

0-20'

Yes

Feldspar-rich sand and silt derived chiefly from
the Tertary formations of the area.

Early.
Middle Miocene

Split Rock
Formation
(Tsr)

0-0W

Yes

Buff to light gray poorly consolidated quartz
sandstone, silty in part with minor amounts of
tulZ limestone, claystone, caliche, and a thick
poorly consolidated basal conglomerate. The
Split Rock Formation is exposed at the surface
south of the Beaver Rim. Unconformity.

Early Oligocene

White River
Formation C(wr)

200-500'

.__
_ __

Middle-Late
Eocene

Wagon Bed
Formation (Twb)

Yes

Yellowish-gray to orangish-gray massive
tuffaceous bentonitic mudstone containing local
lenses of arkosic sandstone and conglomerate.
Found in subsurface south of Beaver Rim.
Crops out at the Beaver Rim Escarpment.

_ _ __Unconformity.
_ _ ____________

0-5W

No

Lower part variegated mudstone with sone
resistant ledge forming strata near the base;
upper part consists of tuffaceous sandstone,
tuffs, white lapilli tuff cobbles, and several
ledge forming rhyodacite brecca flows and
conglomerates. Found in subsurface south of
Beaver Rim. Crops out at the Beaver Rim
Escarpment

Early Eocene

Wind River
Formation (Twdr)

0-550'

Yes

Dark gray to greenish-gray mediumn to
granulated arkosic channel sandstone with
interbedded grntic pebble to boulder
conglomerates, claystones and siltstones.
Sandstones and conglomerates which are the
host for the Gas Hills' uranium deposits
coalesce along the axes of the alluvial fans to
form massive coarse grained units. Along the
margins of the fans alternating sand/shale
sequences are typical. Sandstones and
conglomerates typically confined vertically by
siltstones and claystones.

0-3W
East Cayon ConglomerateMember.
Dark gray to greenish-gray massive boulder

conglomerate with some sandstone interbeds.
Unit becomes finer gramined along its western
margin.

Late Cretaceous

Frontier (Kf)
l______________

670'
_________

jl
Il

Il

Minor
________

Black shale with interbedded discontinuous salt
[and pepper sandstone, Wall Creek Sandstone
I member at the top of the formation generally

L

fonns a distinctive horback ridae.

The Stragraphy of PRrs Gas Hills Prect
(after Love, 1970)
(AqliferDesnatio, after Richte et al, 1981)
Age

Formation

Thickness

Aquifer

Lithology

Ealy
Cretaceous

Mowry Shale (Knr)

380'

No

Gray to black, hard, thinbedded, siliceous shale
with abundant fossil fish scales, numerous
bentonite beds; forms a distincdve round topped
_

Early
Cretaceous

Muddy Sandstone
(Kmd)
_________________

Early
Cretaceous

Thermopolis (Kt)

35'

____________

190'

Yes

___________

No

ridge.

Light gray sandstone with interbedded light
gray sitstone and sandy shale, persistence and
thickness of sandstone varies greatly along the
strike.

Black, soft shale with occasional thin bentonite
layer near th top and bottom; locally
nonpersistent, this sty sandstone occurs in the
middle of the section.

Early
Cretaceous

Cloverly Fonnation
(Kcv)

70'

Yes

Gray to buff quartz and chert pebble
conglmerte at the base; green to blac shale
in the middle, and buff, nonresistant, crossbedded, porous sandstone at the top. Forms
distinctive hogback ridge.

Late Jurassic

Morison Formation
(Im)

210'

No

Variegated calcareous shale and buff very fnegrined sandstone, locally white massive
sandstone up to 20 feet thick near the base.

Late Jurassic

Sundance Formation
(is)

_________

______

365'

Yes

Buff fine-grained sandstone, glauconitic in part,
interbedded with gray to green to pale-red
calcareous shale and gray limestone,
fossiliferous in part, containing Camptonectus
sp., Pachyteuthis densus, unidentified oysters,
and bone fragments. Unconformity.

Iwrasict
Triassic

Nugget Formation
(in)

280'

Minor

Salmon red, fne to medium grained, cross
bedded sandstone, abundant fosted quatz
____

Late-Middle
Triassic

Chugwater
Formation (Rc)

1020'

No

gns.
Unconformity.

Popo gie Member.
Predominantly red shale and siltstone with
minor green shale, tan sandstone, dolomitic
claystone, and gray limestone pellet
conglomerste, medium-gamed white sandstone
locally well developed.
A4cova Limestone Member.
Gray to pinldsh-gray, thinbedded linestone 20'
thick, persistent laterally, commonly expressed
as hogbacks with exposed dip slopes.
Red Peak Member.
Interbedded red shale, siltstone, and silty
sandstone.

Triassic

Dinwoody

S0'

Minor

Brown, highly dolomitic, find grained siltstone.

330'

Minor

Dolomite, tan, petroliferous, cherty; interbedded
with thin sandstones and shales; phosphorite

Formation(d

Permian

Phosphoria
Formation (Pp)

beds in umer and lower

vrts.

The Stratigraphy of PRrs Gas Hills Project
(after Love, 1970)
(Aauifer Deiwmtainnw afftr Ricshter et al 9I I

Age

Formation

Thickness

Aquifer

Middle

Tensleep Sandstone
()em

300'

Yes

Pennsylvanian

|Lthology
White to ta, resistant massive sandstone,
commonly crossbedded, fine to medium

prained, discontinuous quartzite zones present
_

Early
Pennsylvanim

_ _

_ _

Amsden Formatiown
(Pa)

_

180'

Yes

_

_

~ ~~~~~~~~~~~~~
throughout.
| Basal white to buff very fine-Spined Darwin
sandstone (22' thick) overlain by buff to
hematte-red siltstones locally containing

hematite nodules.

Early
Mississippian

Madison Limestone
(Mm)

335'

Yes

limestone, medium to dark gray, generlly
massive and resistant occasional chert
concretions and nodules, fossils are ran but
include crinoids and burrowing pelecypods.
Unconformity.

Late Middle
Cambrian

Upper Cambrian
(Upper C)

580'

Inteibedded very fine-pained sandstone,
siltstone and shale, nonresistant, reddish orange
to hematite red. Contains up to a few percent
_

Late Middle
Cambrian

Lower Cambrian
(Lower C)

220'

auconite.

Resistant arkose pebble conglomerate with
interbedded sandstone, buff to hematit-red.
Unconfonmity.

Pm-Cambrian

Undifferentiated
(Pre C)

Precambrian rocks are cposed in the Granite
Mountains south of the planned Permit Area
These rocks consist mainly of pink and gray
granite and meta sediments with some granite

giss and mafic dilcs.

3.

ORE DEPOSIT GEOLOGY
The uranium ore bodies are found withing the Puddle Springs Arkose Member ofthe Eocene
Wind River Formation. Alluvial fans were formed when high energy bedload streams
emanating from the Granite Mountains deposited their sedimentary load on an incised
erosional surface. After deposition and burial, uranium-bearing, oxidized ground water
solutions migrated down the permeable fluvial axes of the fans. Lobes of alteration spread
parallel to the axes, and uranium was deposited at an oxidation-reduction interface
(commonly known as roll front) in tongue-like geometry (Galloway and Hobday, 1983).
Faulting and folding which occurred after the uranium was deposited complicated the
geologic picture.
The Gas Hills, Uranium Mining District is actually comprised of four distinct Eocene Wind
River Formation alluvial fans and roll front systems. PRI has labeled these from east to west:
the Deer Creek, Canyon Creek, Coyote Creek and Muskrat Creek systems (Figure D5-3-1).
Perhaps 90% of the District's 100 million pound total uranium production has come from
roll fronts in the Coyote Creek system. Mines in the Coyote Creek system include the Day
Loma, Lucky Mc, Sunset and Bull Rush. The remaining production is evenly divided
between the Deer Creek and Canyon Creek Systems which include the Buss, Tee, Veca and
Thunderbird Mines. The Permit Area contains a large segment ofthe Canyon Creek system
and the eastern margin of the Coyote Creek system (Figure D5-3-1).
The uranium ore bodies within the Permit Area are hosted in channel sandstones and
conglomerates of the Eocene Wind River Formation. The ore bodies, which occur as roll
fronts, are typically fifteen feet in thickness and vary in width from pinchout to one hundred
feet. The fronts are anisotropic with the bulk of the high grade ore being contained withing
a few feet of the oxidation-reduction contact and the balance ofthe ore grading into reduced
ground. Sandstones and conglomerates often contain several roll fronts which are often
vertically separated by thin clay or silt interbeds. Roll fronts can often be traced for thousands
of feet and in plan view can be very sinuous. Grades of ore along these roll fronts can vary
considerably, and portions of the front may contain economic concentrations of uranium.
Uraninite and coffinite are the uranium ore minerals found at the oxidation-reduction
contacts. Other minerals concentrated in varying degrees within the roll front complex
include selenium, vanadium, molybdenum, arsenic and iron (as pyrite).
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4.

MINE UNIT GEOLOGY
The proposed mine units are shown on Plates D5-1, D5-2, and D5-3.

4.1

Mine Unit No. 1 (Muskrat Deposit)
Mine Unit No. 1 is located in the west central permit area. The production target in this unit
is the 70 Sand which in this area is part of the Coyote Creek Fan System (Figure D5-3-1).
This ore body has been selected as the initial development area as it is considered to have the
fewest geologic complications. There is a single sand horizon; ongoing geologic definition
has not identified any traceable faults; there is typically several hundred feet of hydrostatic
head; and, the ore body is high grade. PRI anticipates its ISL mine operations within Mine
Unit No. 1 will serve as guidelines for the more complicated areas within the proposed
Permit Area.
4.1.1

Production Zones

Wellfield development in Mine Unit No. 1 is proposed for roll front deposits within the 70
Sand. This horizon consists of medium to very coarse grained arkosic sandstone. The sand
ranges in thickness from twenty to eighty feet, as illustrated on Cross Sections B-B', C-C' and
D-D' (Plates D54, D5-5 and D5-6). The 70 Sand is a well defined single sandstone bed and
is generally underlain and overlain by continuous shale beds.
4.1.2 Confining Units
The confining units consist of shales, claystones and siltstones. The upper unit overlies the
70 Sand throughout the area and ranges from 55 to 150 feet in thickness and separates the
70 Sand from several thin discontinuous sandstones. The lower confining unit ranges from
20 to 50 feet in thickness and separates the 70 Sand from the underlying 50 Sand.
4.1.3

Pre-Tertiary

The 70 Sand (ore zone) in the area ofwellfield development is separated from the underlying
Pre-Tertiary unconformity by as much as 200 feet of Wind River Formation sediment. The
underlying Pre-Tertiary geologic units are Triassic in age. The Triassic Chugwater
Formation is predominantly shale and siltstone (Love, 1970) and is not considered an aquifer
(Richter et al, 198 1). The total thickness ofthe Chugwater Formation is approximately 1,000
feet thick in the region. The Jurassic Nugget Formation which is considered a minor aquifer
(Richter et al, 1981), subcrops beneath Wind River Formation shales west of the area of
planned pattern development.
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4.1.4 Faulting
The Jasper Fault and the HBow Fault lie south of Mine Unit No. 1 (Plate D5-2). There are
no known traceable faults within the area of proposed mine unit development.
4.1.5 Previous Mine Development
There has been no previous mine development within the proposed area of pattem
development.
4.2

Mine Unit No. 2 (Bountiful Deposit)
Mine Unit No. 2 is located in the east central permit area. The production targets in this unit
are roll fronts within multiple sands which in this area are part of the Canyon Creek Fan
System (Figure D5-3-1). This ore body contains the highest known concentration ofreserve
within the proposed permit area. The unit contains two traceable faults and considerable
attention will be given to mapping, hydrologic testing and to pattern planning in the vicinity
of the faults and where discrete sand units coalesce.
4.2.1

Production Zones

Wellfield development in Mine Unit No. 2 is proposed for roll front deposits within the 4050-60-70 and 80 Sand horizons. The Mine Unit No. 2 sands consist of medium to very
coarse grained arkosic sandstones with cobble and boulder conglomerate interbeds. The
individual sandstones within this area range in thickness from pinchout to 100 feet. The
sands typically are separated vertically by confining units which can range up to 20 feet in
thickness. These shale confining units tend to be continuous where the ore is developed and
patterns are planned. The intervening shales, however, commonly disappear east of the
planned pattern areas can be seen on Plate D5-3. Roll fronts in separate sands often overlay
one another and where possible single wells will be utilized to develop separate sands.
Witiin Mine Unit No. 2 (Plate D5-7) the 40 Sand corresponds with the uppermost 50 feet
of the East Canyon Conglomerate Member of the Wind River Formation as defined by
Soister, 1968 and others.
4.2.2 Confining Units
The upper confining unit consists of siltstone and claystone and overlies the uppermost
uranium bearing sand (70 Sand) throughout the east central Permit Area. The confining unit
ranges from 75 to 400 feet in thickness. The confining unit below the planned area of
development for the 40 Sand is the Triassic Chugwater Formation. The Chugwater
Formation is dominantly shale and siltstone (Love, 1970) and is not considered an aquifer
(Richter et al, 1981). The total thickness ofthe Chugwater Formation is approximately 1,000
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feet in the region. Within the areas ofplanned pattern development shales which range from
5 to 20 feet typically separate the sands.
4.2.3

Pre-Tertiary

The Pre-Tertiary in the area of planned pattern development is primarily Triassic Chugwater
Formation. The Jurassic Nugget Formation subcrops beneath the East Canyon Member of
the Wind River Formation in the northeast portion of the mine unit (Plate D5-1). In areas
where drilling penetrates the East Canyon Member, 20 to 40 feet of shale has been identified.
It should be noted that the contact between the Triassic Chugwater and Jurassic Nugget
Formations is not well defined. The holes which have penetrated the Pre-Tertiary typically
do not have lithographic logs nor have they penetrated sufficient Pre-Tertiary section for
stratigraphic correlation.
4.2.4 Faulting
The proposed area of pattem development will cross two traceable faults, the Bountiful and
the UPZ. The Bountiful Fault has 40 to 50 feet of displacement and has been pump tested by
PRI (Appendix D6; 3.3.2). The UPZ Fault has up to 50 feet of displacement and is known
to be transmissive along part of its length. Prior to initiating mine development, PRI will
undertake the Mine Unit Hydrologic Testing Program. Prior to its implementation, it will
be submitted for regulatory review. This document will specifically target these fault
systems and their potential impact on ISL mining.
4.2.5

Previous Mine Development

The Uranium Point Zone (UPZ) mine shaft is located on the southern edge of Mine Unit No.
2 (Plate D5-1). Federal American Partners (FAP) commenced construction on the shaft in
1979. Work continued until 1981 at which time construction on the shaft was halted by the
controlling entity, TVA. In 1983 the TVA poured a concrete floor in the bottom ofthe shaft
and allowed the structure to flood. At the end of construction the 14.0-foot diameter,
concrete lined shaft had been sunk to 880 feet. Pump stations had been installed at 250 feet
and 495 feet, and construction had commenced on a station and loading pocket which is
located between 742 and 780 feet.
The shaft is concrete lined (minimum one-foot thickness). As a result the only known or
suspected windows where the shaft is connected to the enveloping sedinentary sequence are
at the above mentioned stations. The dimensions of the pump stations are estimated to be
8 feet by 8 feet by 20 feet deep. The dimensions of the station and loading pocket are
estimated to be 41 feet vertical by 12 feet wide by 40 feet deep. The electric log from the
shaft indicates the pump stations were cut into aquitards consisting of siltstones and
claystones. The station and loading dock opening connects the lower 50 Sand with the 40
Sand (East Canyon Conglomerate). Although this opening cuts across the aquitard at the
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shaft site the connection is not expected to pose any problem as the aquitard between the two
sands disappears a short distance to the west (Cross Section A-A', Plate D5-2).
The shaft site was reclaimed in 1991. The shaft was filled with broken concrete from the
reclaimed surface facilities and capped with concrete.
4.3

Mine Unit No. 3 (Peach Deposit)
Mine Unit No. 3 is located in the western permit area. The production targets in this unit are
roll fronts within multiple sands which are part ofthe Coyote Creek Fan System (Figure D53-1). This ore body is a southern extension of the Lucky Mc open pit mine. Pit dewatering
over the years has lowered the potentiometric surface within the northern portion of Mine
Unit No. 3. As a result of this dewatering, roll fronts in the upper geologic section may be
excluded from development due to insufficient hydrostatic head. The unit contains two
traceable faults and the abandoned Atlas underground mine. Because of these factors
considerable attention will be given to mapping, hydrologic testing and pattern design.
Where necessary PRI anticipates developing the ore body in ascending stratigraphic
succession.
4.3.1

Production Zones

Wellfield development in Mine Unit No. 3 is proposed for roll front deposits within the 3040-50 Sands (Refer to Plates D5-2, D5-l0, D5-1 1, and D5-12). These units consist of
medium to very coarse grained arkosic sandstones. The individual sands range in thickness
from pinchout to 50 feet. Within the area of planned pattern development, the sands are
generally separated by confining claystones and siltstones which can range up to 30 feet in
thickness. The 30 through 70 Sands coalesce along the northwest side of Mine Unit No. 3
and form a single hydrostratigraphic unit. (Cross Section H-H', Plate D5-10). It should be
noted the 60 Sand is presently not being targeted for development due to insufficient
hydrostatic head for ISL mining operations. This may change with technology or as
piezometric levels rise following ground water recovery at the Lucky Mc Mine.
4.3.2 Confining Units
The upper confining unit is a claystone which is contiguous throughout the proposed Mine
Unit No. 3 welfield development area. This claystone ranges from 5 to 40 feet in thickness
and overlies the 70 Sand (Plate D5-10 and D5-11). The confining units immediately
underlying the proposed production sand in this area are claystones and mudstones of the
Wind River Formation or shales of the Pre-Tertiary Formations. There is not a well
developed underlying aquifer in close vertical proximity to the ore zone aquifers.
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4.3.3

Pre-Tertiary

Mine Unit No. 3 is underlain by the Morrison, Cloverly, Thermopolis, Muddy, Mowry and
Frontier Formations (Plate D5-1). The Morrison, Thermopolis and Mowry Formations are
not considered aquifers. The Cloverly Formation which is considered an aquifer, is separated
from the proposed production sand by confining units within the Wind River Formation.
There are no aquifers identified within the Muddy Formation. Additionally, there is very
little aquifer potential within the Frontier Formation (Richter, 1981).
4.3.A Faulting
The proposed area of pattern development will intersect the traceable PCH Fault (Plate D52). The Mine Unit Hydrological Testing Program for this area will specifically target
definition of this fault system and its potential impacts on ISL mining.
The Peach pump test, performed in 1996, and described in Appendix D6 (Section 3.2.2),
indicates a zone of higher transmissivity near the Jasper Fault, which is located near the area
of pattern development. This fault is shown on Plate D5-10. In addition, water level data
(Plate D6-3) collected to date from wells in the area indicate that the Lucky Mc Fault located
north of planned pattern development, may represent a potential hydrological barrier (Plates
D5-2 and D5-12).
4.3.5 Previous Mine Development
The Atlas Underground Mine which was developed in the 1960's and reclaimed in the 1980's
is located in the western portion of the Permit Area. The mine developed underground ore
in the 30, 40 and 50 Sands. PRI has investigated the welfield and pump injection
requirements associated with establishing a mine unit in the vicinity of this mine. By
controlling injection and recovery pressures, as discussed in the Operations Plan, PRI will
exclude the mine workings from wellfield pattern development.
4.4

Mine Unit No. 4 (Buss Deposit!
Mine Unit No. 4 is located in the eastern Permit Area. The production targets in this unit
are roll fronts within multiple sands which in this area are part of the Canyon Creek Fan
System (Figure D5-3-1). The reclaimed Buss open pit mine located to the northeast has
lowered the potentiometric surface within portions of Mine Unit No. 4. Rolls fronts in the
higher part of the section near the open pit may be excluded from development due to
insufficient hydrostatic head. As a result considerable attention will be given to mapping,
hydrologic testing and pattern design. Where necessary and feasible PRI anticipates
developing the ore body in ascending stratigraphic succession.
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4.4.1

Production Zones

Wellfield development in Mine Unit No. 4 is proposed for roll front deposits within the 50
through 80 Sands south ofthe Buss Fault (Plate D5-2, D5-13 and D5-14). North ofthe Buss
Fault, development is proposed for the 50-60, and possibly the 70 Sands. The 70-80 Sands
may not developed due to insufficient hydrostatic head (Plate D5-13). These sand units
consist of medium to very coarse grained arkosic sandstones with cobble and boulder
conglomerate interbeds. The individual sandstones within this area range in thickness from
30 to 100 feet. The sands can be separated vertically by mudstone or siltstone interbeds
which can range from pinchout to fifteen feet in thickness. These confining units are not
always contiguous and frequently disappear allowing coalescence of sand units within the
proposed wellfield areas.
4.4.2

Confining Units

An upper confining unit overlies the uppermost uranium bearing sandstone (90 Sand)
throughout the mine unit area south of the Buss Fault and ranges from 10 to 100 feet in
thickness (Plate D5-2 and D5-13). A thinner (10-40 foot), yet locally continuous confining
bed overlies the 80 Sand, south ofthe Buss Fault. The confining unit north of the Buss Fault
is the shale on top of the 60 Sand since the 70-80 Sands are generally unconfined (Plate D514). This shale on top of the 60 Sand ranges from 10 to 20 feet thick in the immediate area
of Cross Section L-L' and M-M. The confining unit below the 50 Sand throughout Mine
Unit No. 4 ranges from 5 to 30 feet thick in the planned pattern development area. This
confining unit separates the 50 Sands from the underlying East Canyon Conglomerate.
4.4.3

Pre-Tertiary

Mine Unit No. 4 is underlain locally by a lower confining unit (below the 50 Sand) and over
300 feet of East Canyon Creek Conglomerate which either rests on a Wind River Formation
shale or unconformable overlies the Jurassic Sundance Formation. It should be noted that
Pre-Tertiary Formations are not well defined. The holes which have penetrated the PreTertiary in this area typically do not have lithographic logs nor have they penetrated
sufficient section for accurate stratigraphic correlation. The Pre-Tertiary is primarily
projected from oil wells and outcrop.
4.4.4 Faulting
The proposed area of pattern development will intersect one known traceable fault. The Buss
Fault has approximately 50 feet of displacement. The Mine Unit Hydrologic Testing
Program for this area will specifically target definition of this fault system and its potential
impacts on ISL mining.
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4.4.5

Previous Mine Development

The Buss open pit mine, which was reclaimed by PRI in 1995, is located northeast of the
planned development area. The Buss Pit extracted ore from the 60-70-80-90 Sands. PRI
reclaimed the Buss Pit as a ground water-fed reservoir that intersects the local potentiometric
surface. Mine reclamation in the Buss Pit and East Gas Hills area has affected the overall
water quality. The Operations Plan (Section 6.4.3.) presents a wellfield simulation for
mining in the vicinity of the Buss Pit which exemplifies wellfield modeling that will be
performed prior to welfield operation to ensure that the effects of the Buss Reservoir are
taken into consideration.
Upper ore zones (80-90 Sands) were mined in the Two States and Blackstone Pits. An
underground drift was developed south ofthe Two States Pit. Mining in this area was above
the water table and not within sands which will be considered for ISL mining. Other open
pit mines in the vicinity, including the Cap, Bengal and Mars Pits, which have been
backfilled above the water table.
4.5

Mine Unit No. 5 (Pix Deposit)
Mine Unit No. 5 is located in the northeastern permit area. The production targets in this
unit are roll fronts within the 50 Sand which in this area is part of the Canyon Creek Fan
System (Figure D5-3-1). The reclaimed Veca Open Pit Mine (Plate Dl-lE) located west of
the unit is backfilled above the water table. Water quality in the vicinity ofthis mine unit has
beenaffectedbyhistoric mining upgrades. Ongoing impacts to waterqualityassociatedwith
historic mining are discussed in Appendix D6. The Thunderbird/Rox Mine is located within
the northern portion of Mine UnitNo. 5 (Plate D5-2) and is likely to affect operation in the
area. As a result considerable attention will be given to mapping, hydrologic testing and
pattern design.
4.5.1

Production Zones

Wellfield development in Mine Unit No. 5 is proposed for roll front deposits within the 50
Sand. This horizon consists of medium to vely coarse grained arkosic sandstones with
cobble and boulder conglomerate interbeds. The 50 Sand within this area ranges in thickness
from 50 to 70 feet. Geologic information is presented on Cross Section N-N' and O-O',
Plates D5-15 and D5-16. The 60 Sand, within the Pix area (Plate D5-16) may interfinger
with the 50 Sand and where that occurs will represent a single sand unit for hydrogeologic
purposes.
4.5.2 Confining Units
An upper confining unit overlies the 50 Sand throughout the mine unit area and ranges from
15 to 40 feet in thickness. The confining unit below the 50 Sand ranges from 20 to 40 feet
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thick in the planned pattern development area. This unit separates the 50 Sand from the
underlying East Canyon Conglomerate.
4.5.3

Pre-Tertiary

Mine Unit No. 4 is underlain by a lower confining unit (below the 50 Ore Sand) and 250 feet
of East Canyon Conglomerate which unconformably overlies the Jurassic Sundance
Formation. It should be noted that Pre-Tertiary Fornations are not well defined. The holes
which have penetrated the Pre-Tertiary in this area typically do not have lithographic logs nor
have they penetrated sufficient section for accurate stratigraphic correlation. The PreTertiary is primarily projected from oil wells and outcrop.
4.5.4 Faulting
The proposed area of initial pattern development will intersect one traceable fault, marking
the southern side of the Thunderbird Graben. The Thunderbird Graben is characterized by
two parallel striking faults. The stratigraphic section between these two faults is
downthrown by approximately 150 feet (see Plate D5-15). Depending on future delineation
drilling, it is possible that ISL reserves will be developed witiin the Thunderbird Graben.
The Mine Unit Hydrologic Testing Program will specifically target definition of this fault
system and its potential impacts on ISL mining.
4.5.5

Previous Mine Development

Mine Unit No. 5 is near several open pit mine developments and several hundred acres of
AML, Umetco, and TVA reclamation. In addition, the Rox and Thunderbird underground
mines, which are located within the Thunderbird Graben, were abandoned in the 1960's and
reclaimed in the 1980's. The Mine Unit Hydrologic Testing Program will address the impacts
of previous mine development, including the downgradient movement of high TDS waters
from abandoned mine reclamation.
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5.

SEISMOLOGY
The seismology of the Permit Area is summarized below and is taken from report titled
"Basic Seismological Characterization for Proposed In-Situ Uranium Mine" by James C.
Case of the Wyoming State Geological Survey.

5.1

Background
Seismological characterizations of a proposed facility site can range from an analysis of
historic seismicity to a long-term probabilistic seismic hazard assessment, with the type of
characterization dependent upon the nature ofthe facility. Regardless ofthe type offacility,
however, an analysis of historic seismicity is usually included in the characterization. The
Seismic Zone Map of the Uniform Building Code is also commonly used in an analysis of
facilities that are not critical and do not have an extended life, such as nuclear power plants,
mill tailings sites, or other sites that contain hazardous or radioactive material, additional
analyses are often included in a seismological characterization. Those additional analyses
include deterministic analyses on active faults, "floating earthquakes" analyses, and shortor long- term probabilistic seismic hazard analyses. The type of characterization required
for critical or extended-life facilities is often in state or federal regulations.
Presented below, for the Gas Hills Area, is an analysis of historic seismicity, an analysis of
the Uniform Building Code, a deterministic analysis of a nearby fault, an analysis of the
maximum credible 'floating earthquake", and a discussion of existing short-term
probabilistic seismic hazard analysis. Accurate long-term probabilistic seismic hazard
analyses have not been generated for the Gas Hills area. In addition, a summary with
recommendations is presented.

5.2

Historic Seismicity
The Gas Hills Mining District is located in the south central portion ofthe Wind River Basin
in central Wyoming. The Granite Mountains bound the southeastern margin of the Wind
River Basin. Historically, central Wyoming has had a moderate level of seismicity compared
to the rest of the State. Significant historic earthquakes are described below, and are
organized by the area in which they occurred.
5.2.1

Atlantic City Area

One of the first earthquakes in central Wyoming occurred near Atlantic City in southern
Fremont County. The earthquake occurred on December 10, 1873, and was felt as an
Intensity m event at nearby Camp Stambaugh (Case, 1996). An Intensity V earthquake was
reported from Atlantic City on December 12, 1923, with no significant damage being
recorded (Humphreys, 1924). Non-damaging earthquakes were also reported in the area on
October 30, 1925 (intensity E) and on August 22, 1959 ( intensity IV). On February 23,
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1963, a magnitude 4.3, Intensity V earthquake occurred approximately 30 miles west
northwest of Atlantic City, with no damage reported (Casper Star-Tribune, February 26,
1963). On November 3, 1984, a magnitude 5.0, intensity VI earthquake was recorded
approximately 10 miles northwest of Atlantic City. The earthquake, which was felt in Dubois
and Casper, was one ofthe strongest fault-related events recorded inthe southwestern quarter
of the state. A number of residents in Lander and Atlantic City reported cracked walls,
foundations, and windows (Casper Star-Tribune, November 4, 1984).
5.2.2

Lander Area

A number of earthquakes have occurred in the Lander area. The first reported earthquake
occured onJanuary22,1889, and had an intensity of I-IV (Case, 1993). This was followed
by an intensity IV event on November 21, 1895, which resulted in houses being jarred and
dishes being rattled (Case, 1993). On November 23, 1934, an intensity V earthquake was
centered approximately twenty miles northwest of Lander. For a radius of 10 miles around
Lander, residents reported that dishes were thrown from cupboards and pictures fell from
walls. Cracks were found in buildings in two business blocks, and the brick chimney of the
Fremont County Courthouse was moved two inches away from the building. The earthquake
was felt at Rock Springs and Green River (Casper Tribune-Herald, November 25, 1934).
There were a series of earthquakes in the Lander area in the 1950's that caused little damage.
On August 17, 1950, there was an intensity IV earthquake that caused loose objects to rattle
and buildings to creak (Murphy and others, 1952). On January 12, 1954, there was an
intensity II event (Reagor and others, 1985) and on December 13, 1955, there was an
intensity IV event near Lander (Murphy and Cloud, 1957), with no damage reported.
On June 14, 1973, a small earthquake was reported about 8 miles east northeast of Lander.
The earthquake has been recently interpreted as a probable explosion. On January 31, 1992,
a non-damaging magnitude 2.8 earthquake occured approximately 20 miles northwest of
Lander (Case, 1994). This event was followed on October 10, 1992, by a magnitude 4.0,
intensity m earthquake centered approximately 22 miles east of Lander (Case, 1994).
5.2.3

Sand Draw/Gas Hills Area

The first earthquake to be reported in the area occurred on August 11, 1916, approximately
6 miles south of Jeffrey City ( Reagor and others, 1985). No damage was associated with the
intensity m event. On April 22,1973, a magnitude 4.8, intensity IV earthquake was recorded
approximately 12 miles north of Jeffrey City. Dishes were rattled and pictures on walls were
disturbed in Jeffrey City (Casper Star-Tribune, April 24, 1973). On March 25, 1975, there
was a magnitude 4.8, intensity m earthquake recorded approximately 18 miles northwest of
Jeffrey City. A mobile home 35 miles southeast of Riverton was moved an inch off its
foundation as a result of the earthquake (Laramie Daily Boomerang, March 26, 1975). On
December 19,1975, anon-damaging magnitude 3.5 earthquake was recorded approximately
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25 miles northeast of Jeffrey City (Reagor and others, 1985). On August 16, 1985, a
magnitude 4.3, intensity IV earthquake was recorded approximately 25 miles northwest of
Jeffrey City. No damage was reported. Most recently, on June 1, 1993, a non-damaging
magnitude 3.8, intensity m earthquake occurred near Baroil, approximately 20 miles
southeast of Jeffrey City (Case, 1994).
5.2.4 Casper Area
Two of the earliest recorded earthquakes in Wyoming occurred near Casper. The first was
on June 25, 1894, and it had an estimated intensity of V. In residences on Casper Mountain,
dishes rattled to the floor and people were thrown from their beds. Water in the Platte River
changed from fairly clear to reddish, and became thick with mud due to the river banks
slumping into the river during the earthquake (Mokler, 1923). On November 14, 1897, an
even larger event was felt. An intensity VI-VII earthquake, one of the largest recorded in
central and eastern Wyoming, caused considerable damage to a few buildings. As a result of
the earthquake, a portion of the Grand Central Hotel was cracked from the first to the third
story. Some of the ceilings in the hotel were also severely cracked (Mokler, 1923).
On October 25, 1922, an intensity IV earthquake was reported in the Casper area. The event
was felt in Casper; at Salt Creek, 50 miles north of Casper; and at Bucknum, 22 miles west
of Casper. Dishes were rattled and hanging pictures were tilted near Salt Creek. No
significant damage was reported at Casper (Casper Daily Tribune, October 26, 1922). On
December 11, 1942, an intensity IV earthquake was recorded north of Casper. Although no
damage was reported, the event was felt in Casper, Salt Creek, and Glenrock (CasperTribune Herald, December 12,1941). On August 27,1948, another intensity IV earthquake
was reported in the Casper area. No damage was reported (Casper Tribune-Herald, August
27,1948). In the 1950's, two earthquakes caused some concern among Casper residents. On
January 24, 1954, an intensity IV earthquake near Alcova did not result in any reported
damage (Casper Tribune-Herald, January 24, 1954). On August 19, 1959, an intensity IV
earthquake was felt in Casper (Reagor, Stover, and Algermissen, 1985). Most recently, on
October 19, 1996, a magnitude 4.2 earthquake was recorded approximately 15 miles northnortheast of Casper. No damage was reported.
5.3

Uniform Building Code
The Uniform Building Code (UBC) is a document prepared by the International Conference
of Building Officials. Its stated intent is to "provide minimum standards to safeguard life or
limb, health, property, and public welfare by regulating and controlling the design,
construction, quality of materials, use and occupancy, location and maintenance of all
buildings and structures within this jurisdiction and certain equipment specifically regulated
herein."
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The UBC contains information and guidance on designing buildings and structures to
withstand seismic events. With safety in mind, the UBC provides Seismic Zone Maps to help
identify which design factors are critical to specific areas of the country. In addition,
depending upon the type of building, there is also an "importance factor". The "importance
factor" can, in effect, raise the standards that are applied to a building.
The current UBC Seismic Zone Map has five seismic zones, ranging from Zone 0 to Zone
4, as can be seen on Figure D5-5-1. The seismic zones are in part defined by the probability
of having a certain level of ground shaking (horizontal acceleration) in 50 years. The criteria
used for defining boundaries on the Seismic Zone Map were established by the Seismology
Committee of the Structural Engineers Association of California (Building Standards,
September-October, 1986). The criteria they developed are as follows:
Zone Effective Peak Acceleration. % gravity (g)
4
3
2
1
0

30% and greater
20% to less than 30%
10% to less than 20%
5% to less than 0%
less than 5%

The committee assumed that there was a 90% probability that the above values would not
be exceeded in 50 years, or a 100% probability that the values would be exceeded in 475
years.
The Gas Hills area is in Seismic Zone I ofthe UBC. Since effective peak accelerations (90%
chance of non-exceedance in 50 years) can range from 5%-10%g in Zone 1, it may be
reasonable to assume that an average peak acceleration of 7.5%g could be applied to the
design of a non-critical facility located near the center of Zone 1. Again, it must be kept in
mind that the UBC is designed to provide minimum standards to protect life, health,
property, and public welfare. Depending upon the type of facility, more stingent regulations
and criteria may apply.
5.4

Detenninistic Analysis of South Granite Mountain Fault System
There are three exposed active fault systems defined in the vicinity of the Wind River Basin
and the Gas Hills. Those systems are the South Granite Mountain fault system, the Stagner
Creek fault system, and the Cedar Ridge/Dry Fork fault system. Geomatrix (1988a, 1988b)
investigated all systems, and determined that the Green Mountain segment of the South
Granite Mountain fault system and the Stagner Creek fault system were both capable of
generating magnitude 6.75 earthquakes. They determined that the Green Mountain segment
had a recurrence interval of 2,000 to 6,000 years (1988b) and that the Stagner Creek system
had a recurrence interval of 8,000 to 20,000 years (1988a). Evidence for recent movement
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on the Cedar Ridge/Dry Fork fault system was limited in the Geomatrix (1988a) study. As
a result, recurrence intervals and the maximum credible earthquake were not defined.
The Green Mountain segment of the South Granite Mountain fault system should be
analyzed deterninistically in order to estimate what type of ground motion would result at
the proposed site. A deterministic analysis only is needed on the Green Mountain segment
because the segment is closer to the site than other active faults, the recurrence interval is
shorter, and it can produce a maximum credible earthquake for the area. The Permit Area is
located approximately 45 kilometers from the nearest segment ofthe Green Mountain fault.
Based upon that distance, if the fault activates and generates a magnitude 6.75 earthquake,
the expected horizontal ground acceleration at the site would be approximately 6%g
(Campbell, 1987).
5.5

Maximum Tectonic Province Earthquake - "Floating Earthuake"/Seismogenic Source
Many federal regulations require an analysis ofthe earthquake potential in areas where active
faults are not exposed, and where earthquakes are tied to buried faults with no surface
expression. Regions with a uniform potential for the occurrence of such earthquakes are
called a tectonic province. Within a tectonic province, earthquakes associated with buried
faults are assumed to occur randomly, and as a result can theoretically occur anywhere within
that area of uniform earthquake potential. In reality, that random distdbution may not be the
case, as all earthquakes are associated with specific faults. If all buried faults have not been
identified, however, the distribution has to be considered random. "Floating earthquakes" or
seismogenic sources are earthquakes that are considered to occur randomly in a tectonic
province.
It is difficult to accurately define tectonic provinces when there is a limited historic
earthquake record. When there are no nearby seismic stations that can detect smallmagnitude earthquakes, which occur more frequently than larger events, the problem is
compounded. Under these conditions, it is common to delineate larger, rather than smaller,
tectonic provinces.
The U.S. Geological Survey (USGS) identified tectonic provinces in a report titled
"Probabilistic Estimates of Maximum Acceleration and Velocity in Rock in the Contiguous
United States" (Algermissen and others, 1982). In that report, the Wind River Basin was
classified as a distinct tectonic province. The province was assigned a "floating earthquake"
with a maximum magnitude of 6.1. Lawrence Livermore National Laboratory (Bernreuter
and others, 1994) suggested using a more extensive regional tectonic province, called the
"Central Seismic Zone", for central and south-cental Wyoming. The "Central Seismic Zone"
is defined by 109.70 West longitude to the west, 105.50 West longitude to the east, 41.50
North latitude to the south, and 43.00 North latitude to the north. Bereuter and others
(1994) suggested a magnitude 6.25 "floating earthquake" for the province.
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Federal or state regulations usually specify if a "floating earthquake", seismogenic source,
or tectonic province analysis is required for a facility. Usually, those regulations also specify
at what distance a floating earthquake is to be placed from a facility. For example, for
uranium mill tailings sites, the Nuclear Regulatory Commission requires that a floating
earthquake be placed 15 kilometers from the site. That earthquake is then used to determine
what horizontal accelerations may occur at the site. A magnitude 6.25 earthquake placed 15
kilometers from the Gas Hills Permit Area, would generate horizontal accelerations of
approximately 15%g.
5.6

Short-Term Probabilistic Seismic Hazard Analysis
The USGS publishes probabilistic acceleration maps for 500-, 1000-, and 2,500-year time
frames. The maps show what accelerations may be met or exceeded in those time frames by
expressing the probability that the accelerations will be met or exceeded in a shorter time
frame. For example, a 10% probability that an acceleration may be met or exceeded in 50
years is roughly equivalent to a 100% probability of exceedance in 500 years.
Although the draft maps are subject to change, the 500-year map provides accelerations that
are comparable to those derived from the UBC and from the deterministic analysis on the
Green Mountain Segment of the South Granite Mountain Fault System. The estimated
acceleration in central Wyoming is 7/Og on the 500-year draft map, and 20%g on the 2,500year map.

5.6

Summary
Structures at the proposed in-situ uranium mine would be adequately designed ifthey could
withstand horizontal accelerations of 7.5%g.
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6.

ABANDONED DRILL HOLES
PRI recognizes the concems of WDEQALQD with respect to abandoned drill holes within the
permit area and the requirement to identify abandoned drill holes and ensure their proper
abandonment. PlatesD5-17E and D5-17W show the locations of all known abandoned drill
holes within the Permit Area. A listing of all known abandoned drill holes within the Permit
Area is provided as Addendum D5-3. Section 3.7 of the Operations Plan discusses standard
operating procedures for abandoned drill holes in wellfield areas.

Power Resources, Inc. Gas Hills Project WDEQ-LQD Permit to Mine Application
Appendix D5 - Geology December 1996 (Revised, Februaxy 1998) Page D5-19

REFERENCES

Algermissen, S.T., Perkins, D.M., Thenhaus, P.C., Hanson, S.L., and Bender, B.L., 1982,
Probabilistic estimates of maximum acceleration and velocity in rock in the contiguous
United States: U.S. Geological Survey Open File Report 82-1033, 99 p., scale 1:7,500,000.
Bernreuter, D., McDermott, E., and Wagoner, J., 1994, Seismic hazard analysis of Title II
reclamation plans: Report prepared by Lawrence Livermore National Laboratory for the U. S.
Nuclear Regulatory Commission, 145 p.
Campbell, K.W., 1987, Predicting strong ground motion in Utah, in Gori, P.L., and Hays, W.W.,
editors, Assessment of regional earthquake hazards and risk along the Wasatch front, Utah,
Volume 2: U.S. Geological Survey Open File Report 87-585, pp. Ll-L90.
Case, J.C., 1993, Geologic hazards in Wyoming: Wyoming State Geological Survey Wyoming Geonotes Number 40, pp. 46-48.
Case, J.C., 1994, Geologic hazards in Wyoming - earthquakes in Wyoming, 1991-1993: Wyoming
State Geological Survey Wyoming Geo-notes Number 41, pp. 49-53.
Case, J.C., 1996, Historical seismicity of northeastern and east-central Wyoming: Wyoming State
Geological Survey Wyoming Geo-notes Number 51, pp. 50-55.
Case, J.C., Larsen L.L., Boyd, C.S., and Cannia, J.C., 1995, Earthquake epicenters and suspected
active faults with surficial expression in Wyoming: Wyoming State Geological Survey
Geologic Hazards Section Interim Report No. 2, scale 1:1,000,000.
Galloway, W.E. and Hobday, D.K., 1983, Terrigenous Clatic Depositional Systems. New York:
Springer-Verlag.
Geomatrix Consultants, Inc., 1988a, Seismotectonic evaluation of the northwestern Wind River
Basin: Report prepared for the U.S. Bureau of Reclamation, Contract No. 6-CS-81-073 10,
116 p.
Geomatrix Consultants, Inc., 1988b, Seismotectonic evaluation of the Wyoming Basin geomorphic
province: Reportprepared forthe U.S. Bureau ofReclamation, ContractNo. 6-CS-8 1-07310,
167 p.
Humphreys, W.J., 1924, Seismological reports for December, 1923, in Henry, A.J., editor, 1924,
Monthly weather review: U.S. Department of Agriculture, Weather Bureau Monthly weather
review, Vol. 51, No. 12, p. 676.

Power Resources, Inc. Gas Hills Project WDEQ-LQD Permit to Mine Application
Appendix D5 - Geology December 1996 (Revised, February 1998) Page D5-20

Keefer, William R., 1970, Structural Geology of the Wind River Basin, Wyoming, USGS
Professional Paper 495-D.
King, John W. and Austin Ralph S., 1966, Some Charateistics of Roll-Type Uranium Deposits at
Gas Hills, Wyoming, Mining Engineering.
Love, J.D., 1970, Cenozoic Geology ofthe Granite Mountains Area, Central Wyoming: U.S. Geol.
Survey Prof. Paper 495-C, 154 p.
Lidstone & Anderson, Ground-Water Investigation of the East Gas Hills, 1989, Wyoming
Department of Environmental Quality, Abandoned Mine Lands.
Mokler, A.J., 1923, History of Natrona County, Wyoming, 1888-1922; true portrayal of the
yesterdays of a new county and a typical frontier town of the middle west; fortumes and
misfortunes, tragedies and comedies, struggles and triumphs ofthe pioneers: R.R Donnelloy
& Sons, Co., Chicago, 477 p.
Murphy, L.M., and Cloud, W.K., 1957, United States earthquakes 1955: U.S. Department of
Commerce, Coast and Geodetic Survey Serial, 83 p.
Reagor, B.G., Stover, C.W., and Algermissen, S.T., 1985, Seismicity map ofthe State of Wyoming:
U.S. Geological Survey Miscellaneous Field Studies Map MF-1798, scale 1: 1,000,000.
Richter, Henry R., 1981, Occurrence and Characteristics of Ground Water in the Wind River Basin,
Wyoming, Water Resources Research institute, University of Wyoming.
Soister, Paul E., 1968, Stratigraphy of the Wind River Formation in South-Central Wind River
Basin, Wyoming, USGS Professional Paper 594-A.

Power Resources, Inc. Gas Hills Project WDEQ-LQD Pennit to Mine Application
Appendix D5 - Geology December 1996 (Revised, February 1998) Page D5-21

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-1,
GAS HILLS PROJECT
PRE Twdr GEOLOGY
FREMONT & NATRONA COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-1
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-01

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-2,
GAS HILLS PROJECT
TERTIARY STRUCTURE MAP
FREMONT & NATRONA COUNTIES,
WY,

REV. 1
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-2, REV. 1
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-02

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-3,
GAS HILLS PROJECT
SURFACE GEOLOGY
FREMONT & NATRONA COUNTIES,
WY,
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-3
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-03

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-4,
GAS HILLS PROJECT
CROSS SECTION B-B'
MINE UNIT #1- MUSKRAT DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-4
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-04

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-5,
GAS HILLS PROJECT
CROSS SECTION C-C'
MINE UNIT #1 - MUSKRAT DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-5
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-05

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-6,
GAS HILLS PROJECT
CROSS SECTION D-D'
MINE UNIT #1 - MUSKRAT DEPOSIT
MINE UNIT #2 - BOUNTIFUL DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-6
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-06

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-7,
GAS HILLS PROJECT
CROSS SECTION E-E'
MINE UNIT #2 - BOUNTIFUL DEPOSIT
NATRONA & FREMONT COUNTIES,
WY,
REV. 1
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-7, REV. 1
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-07
__ -

._
- . .-

I

.

.-

- . .I

.

.

-

. .- .

.

I

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-8,
GAS HILLS PROJECT
CROSS SECTION F-F'
MINE UNIT #2 - BOUNTIFUL DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-8
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-08

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
I

THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-9,
GAS HILLS PROJECT
CROSS SECTION G-G'
MINE UNIT #2 - BOUNTIFUL DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-9
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-09

.

THIS PAGE IS AN
OVERSIZED DRA:WING OR
FIGURE
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-10,
GAS HILLS PROJECT
CROSS SECTION H-H'
MINE UNIT #3 - PEACH DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-10
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-1O

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,

1

THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-11,
GAS HILLS PROJECT

At

L

,

CROSS SECTION J-J'
MINE UNIT #3 - PEACH DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-11
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-ll

t

-

..

.,- - ---

. -

- -- .- --

I 11

I

.

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
. I

f',

I

..

THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-12,
GAS HILLS PROJECT
CROSS SECTION K-K'
MINE UNIT #3 - PEACH DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-12
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-12

THIS PAGE IS AN
OVERSIZED DRAWVING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO, PLATE D513,
GAS HILLS PROJECT
CROSS SECTION L-L'
MINE UNIT #t4 - BUSS DEPOSIT
NATRONA & FREMONT COUNTIES,
WITHIN THIS PACKAGE..., OR.
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-13
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

*

~~~~

~Dm13

THIS PAGE IS AN
OVERSIZED DRA:WING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-14,
GAS HILLS PROJECT
CROSS SECTION M-M'
MINE UNIT #4 - BUSS DEPOSIT
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-14
NOTE: -Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-14

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE
THAT
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-15,
GAS HILLS PROJECT
CROSS SECTION N-N'
MINE UNIT #5 - PIX DEPOSIT
NATRONA & FREMONT COUNTIES,
WY

¶

WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-15
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-15

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE,
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-16,
GAS HILLS PROJECT
CROSS SECTION 0-0'
NATRONA & FREMONT COUNTIES,
WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-16
NOTE: Because of these page's large file size, it may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-16

THIS PAGE IS AN
OVERSIZED DRAWING OR
FIGURE
THAT CAN BE VIEWED AT THE
RECORD TITLED:
DRAWING NO. PLATE D5-17E,
GAS HILLS PROJECT
ABANDONED DRILL HOLE MAP
FREMONT AND NATRONA
COUNTIES, WY
WITHIN THIS PACKAGE... OR
BY SEARCHING USING THE
DOCUMENT/REPORT NO.
PLATE D5-17E
NOTE: Because of these page's large file size, it-may be more convenient to
copy the file to a local drive and use the Imaging (Wang) viewer, which can be
accessed from the Programs/Accessories menu.

D-17

ADDENDUM D5-1
TYPICAL FAULT TRACE PHOTOS
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ADDENDUM D5-2
GEOPHYSICAL LOGS
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GEOPHYSICAL
LOGS
CROSS SECTIONS A-A' THROUGH CROSS SECTIONS O-O'

DUE TO THE EXTREMELY SMALL PRINT ON THESE GEOPHYSICAL LOGS, WHICH IN
MANY CASES IS ILLEGIBLE EVEN IN PAPER FORM, THESE LOGS WERE NOT
CONVERTED INTO ELECTRONIC FORM.
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