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ABSTRACT

Under the bepartment of Energy {(DoE) National Uranium
Resource Evaluation (NURE) Program, geoMetrics, Inc.
conducted a high sensitivity ajirborne radiometric and
magnetic survey of the Rock Springs, Rawlins, and Cheyenne
1:250,000 Quadrangles in Wyoming, and the Greeleys '
1:250,000 Quadrangle within the State of Colorado. A total
of 14,104 lines miles of high sensitivity radiometric and
magnetic data were collected within these quadrangles.
Traverse lines were flown in an east/west direction at a
spacing of 3.125 miles (5 kilometers) except in the Rotary
wing portions of Greeley. In this quadrangle the rotary
wing line spacing was T mile (1.6 kilometers). ALl data
+ere collected utilizing a Grumman G-89, S2F Tracker,

fixed wing aircraft equipped with 4,096 cubic inches of Nal
crystal detector and a Aerospatiale, SA 315B Lama,
helicopter carrying 2,304 cubic inches of crystal.
Magnetometer data were collected utilizing a geoMetrics
high sensitivity proton precession magnetometer. Data were
recorded digitally at 1.0 second intervals aboard the
ajircraft. Navigation was performed using integrated visual
and doppler techniques in the tracker and visual methods in
the helicopter.

ALL field data wWere returned to the geoMetrics, Sunnyvale,
California computer facilities for processing, statistical
analysis, and interpretation. Data presented in this report
are: corrected profiles o¢f all radiometric variabless
magnetic data, radar and barometric altimeter data, air
temperatures, and airborne bismuth contributions.
Radiometric data presented are corrected for Compton
Scatter, altitude dependence, and atmospheric bismuth.

These daa are also presented on microfiche and digital
magnetic tapes. Additionally, this report contains anomaly
maps and interpretation maps relating mapped geology to the
corrected radiometric and magnetic data.

The survey covered two, very different, geologic
environments: (1) the intermontane Tertiary Basins of
Wyoming - e.g. Green River, Wasatch, Laramie - and the
western most basin of the Great Plains - Denver Basin and
(2) fault bounded, major uplifts (Laramide age) - e.g.
Medicine Bow, Laramie - with exposed Precambrian

-qii-



Radiometric count rates in the Basins were generally lower
than over the Precambrian crystalline rocks. Notable
exceptions arethe Red Desert and Poison Basins and Miller
Hill area within the Rawlins quadrangle. Interpretation of
the statistical results succeeded in delineating several
anomalous uranium trends in: (1) known uranium districts
such as Miller Hill and extensions thereof and (2) new
areas near Chalk Bluff in the Cheyenne and Greeley
quadrangles.

Magnetic pseudo-contour maps clearly cutline the major
structural features as well as provide more information
about magnetic basement features that could generate new
insight into the geologic structure of the area.

Principal component analysis for each formation was
attempted in each quadrangle. Results were mixed. Several
overall patterns were discernible, but individual instances
were apparently contradictory. However, the approach holds
much potential for further understanding of gamma-ray
spectrometry.
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INTRODUCTION AND SUMMARY

INTRODUCTION

Under the U.S. Department of Energy's (DoE), National
Uranium Resource Evaluation (NURE) Program, geoMetrics,
Inc. conducted a high sensitivity airborne radiometric

and magnetic survey of the Rock Springs, Rawlins, and
Cheyenne, 1:250,000 Quadrangles, Wyoming and the Greeley,
1:250,000, Quadrangle, within the state of Colorado (see
Figure 1). The objectives of the DoE/NURE program, of which
this project is a small part may be summarized as follows:

"To develop and compile geologic and other
information with which to assess the
magnitude and distribution of uranium
resources and to determine areas favorable
for the occurrence of uranium in the United
States. . . " (DoE)

As an integral part of the DOE/NURE Program, the National
Airborne Radiometric Program is designed to provide cost-
effective, semigquantitative reconnaissance radioelement
distribution information to aid in the assessment of
regional distribution of uraniferous materials within the
United States.

ALL Airborne data collected during the course of this
project were done so utilizing a Grumman G-89, S2F Tracker
(U.S. Registry No. NPAG) fixed wing aircraft equipped with
4,096 cubic inches of Nal crystal detector and an
Aerospatiale SA315B '"Lama" helicopter (U.S.Registry No.

N 47319) using 2304 cubic inches of Nal crystal. Both
aircraft utilized high sensitivity proton magnetometers
(0.25 gamma). Compilation and interpretation of the data
were performed at the geoMetrics Sunnyvale, California,
computer facility. This Report covers the methodology and
results of the project.

SUMMARY

The four quadrangles covered in this report lie within

three major physiographic provinces. These are, from

west toc east: the Wyoming Basin Preovince of Southern
Wyoming; the scuthern tip of the Scuthern Rocky Mountains
Province; and the western edge of the Great Plains Province.
(Rocky Mountain Atlas of Geology, 1972).
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Topography varies from the gently rolling high plains.
7000 ASL, of the Wyoming Basin Province to the rugged
12,000 ASL Front Ranger Medicine Bow and Laramie Mountains
to the 6,000 ASL Great Plains in the east.

Major geologic structures within the survey include:

the deep Tertiary Basins of Wyoming (30,000 feet for the
Washakie Basin) which cccupy most of the Rock Springs

and Rawlins Quadrangles; the major structural uplifts

Front Rangesr Sierra Madre,r Rock Springsr, Medicine Bow and
Laramie with their exposed Precambrian crystalline cores;
and the asymmetric Denver Basin occupying the eastern half
of the Cheyenne and Greeley Quadrangles. (See Figure 2).
Major faults are dominantly high angle thrust faults forming
the borders of the major uplifts - except for Rock Springs.

Economic deposits of oilt and gas are present in the

Cretacecus rocks of the Wyoming Basins and in the Denver

Basin. Most of the oil shale reserves of the U.S.A. Lie

within the Green River Formatiocn of the Greemn River Basin

in Western Wyoming. Within the Colorado "Mineral Belt"

of the Front Range are numerous golds silver and lLead deposits.

Uranium occurrences are present within the uraniferous coals
of the Red Desert Basin; the Tertiary Brown's Park Formation
in the Pcison Basin and Miller Hill area of the Rawlins
Quadrangle; scattered uraniferous Precambrian quartz con-
glomerates in the Sierra Madre and Medicine Bow Uplifts; an
unmarked deposit near Sheep Mountain on the east edge of the
Medicine Bow Mountains and the Jamestown District in the
southern portion of the Greeley map (see Figure 3).

Geologic base maps for Rock Springs, Rawlins and Cheyenne
Quadrangles were provided by Bendix Field Engineering Corpor-
ation. Fcrmational descriptions were derived fram several
publications but primarily from the Geologic Atlas of the
Rocky Mountainss, 1972. The Greeley Quadrangle base map is
from the U.5.G6.S. Open File Report 78-532.

The total number of square miles covered by the four quadrangtes
is approximately 30,000 (76,000 square kilometers). To obtain
regional reconnaissance coverage of this arear a total of

14,704 Line miles (22,6%0 Line kilometers) of high sensitivity
radiometric and magnetic data were collected. Traverse lines
were flown at a spacing of 3.125 miles (5 kilcmeters) in an
east/west direction and tie Llines were flown in a north/south
directicn 18.375 miles (30 kilometers) apart. The excepticn

is the Greeley Quadrangie,r where the helicopter line spacing

was 1 mile (1.6 kilometers)(See Figure 4).
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ALl data processing, statistical analysis, and
interpretation were performed at the geoMetrics, Sunnyvale,
California, computer facility. After processing, the data
were correlated on a one—-to-one basis with the geologic
base maps. These data were then statistically evaluted to
define those areas which were radiometrically anomalous
relative to other areas within each simitar geologic
formation and displayed as anomaly maps. Anomaly maps and
radiometric and magnetic profile data were first
evaluated individually and then integrated into a final
interpretation map for each NTMS quadrangle.

Other data integral to this final report include

corrected profiles of all radiometric variables (totatl
count, potassium, uranium, thorium, uranium/thorium,
uranium/potassium, and thorium/potassium ratios),

magnetic data, radar altimeter data, barometric altimeter
data, air temperature, and airborne bismuth contributions,
are presented as profiles in Volume II of this report.
Single record and averaged data are presented on microfiche
at 1.0 second sample intervals, corrected for Compton
Scatter, referenced to 400 foot mean terrain clearance, at
Standard Temperature and Pressure (STP) and corrected for
atmospheric bismuth (see Appendix I). Digital magnetic
tapes are available containing raw spectral data, single
record data, magnetic data, and statistical analysis
results.



DATA COLLECTION SYSTEMS

FIXED WINGED AIRCRAFT

The fixed wing aircraft was a Grumman G-89, S2F Tracker,
Serial Number 3, U.S. Registration NPAG (See Figure 5 ).
This Aircraft was originally designed and built by Grumman
Aircraft Corporation for the U.S. Navy as a highly stable
pltatform for carrying electronic instrumentation in the
search of submarines from carrier bases and/or short
tanding fields. Since it was designed for magnetic
surveillance, it is a "magnetically clean" aircraft and
thus ideal for collecting magnetic data. Owverall, the
aircraft's performance and safety features make it ijdeal
for lLow level, fixed-wing airborne geophysical survey

work. There is virtually no other fixed-wing aircraft
which can carry the adequate payload at the necessary
constant Low airspeeds and tight terrain clearances and
still maintain a wide envelope o0f safety. Performance data
for the S2F in its present geophysical survey configuration
are given below:

Aircraft Empty 15, 123 Lbs
Electronic Equipment 1, 600 Llbs
Main Fuel Usable 3, 108 lbs
Auxiliary Fuel Usable 900 Lbs
Pilot 175 lbs
Electronic QOperator 175 Llbs

Maximum Gross Weight for Geophysical

Survey Operation 21, 081 Llbs
Maximum Allowable Aircraft Gross
Weight 24, 500 Lbs
Minimum Control Speed 85 KIAS at 24, 500 Lbs
Safe Single Engine Speed 100 KIAS at 24, 500 Llbs
Single Engine Rate of Climb at 120 KIAS

550 FPM at 23, 000 ibs
Single Engine Rate of ClLimb at 100 KIAS

390 FPM at 23, NO0 Lbs
Rate of Climb (2 Engines) 2, 000 FPM at 5, 000 f+
120 KIAS at 23, 000 Llbs 1, 200 FPM at 10, 000 ft

(KIAS = Knots Indicated Air Speed)
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Left: Grumman S2F Survey Aircraft. Upper right: Geophysical instruments: G-803 Magne-
tometer, GR-800 Spectrometer, G-714 Data System & Recorders. Upper left: Nal exSquare™
Crystal detectors—3, 072 cu.in. (50.4 1) down, 512 cu.in. (8.4 1) up. Camera: Automax G2,

FIGURE 5






Cruise Configuration Stalling Speed at

Grossoweight o 21, 000 1ibs
0 Bank - 80 KIAS 4% Bank - 96 KIAS

Usable Fuel 518 U.S. Gals 3180 lbs Mains
1750 U.S. Gals %00 lbs Auxiliary

400 pounds per hour at 1000 feet- altitude and 120

KIAS at 23,000 Lbs. gross wt. duration 10 hours
plus, due to burn off and lower gross wt.

Electronics

The major components of the airborne data collection systenm
are summarized below (shown pictorially in Figure 5 and
schematically in Figure 6 ):

1. Gamma Ray Spectrometer, geoMetrics GR-800,
utilizing a dual 256 channel capability to
provide spectral data in the 0.4 to 3.0 Mev
range for both the downward looking and the
upward looking crystal packages and coverage
in the 3.0 to 6.0 MeV range for cosmic back-
ground.

2. C{rystal Detector, geoMetrics Model Nal-1000/CS
consisting of 3584 cubic inches in the downward
looking configuration and 512 cubic inches
appropriately shielded in an upward loocking
configuration.

3. A geoMetrics Digiatl Data Acquisition System, Model
6-714 with "read—-after-Write" data verification,
recording the following on magnetic tape:

a) 512 channels of gamma ray spectrometer data
b)Y Total magnetic inmtensity

¢) Fiducial number from data system/camera

d) Manually inserted information, i.e., date
survey area, and flight Lline number

2) Altitude from radar z2nd barometric altimeters
(by analog-to~-digital conversion).

f) Time in days, hours, minutes and seconds

g) Qutside air temperature

10
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10.

Magnetometer, geoMetrics Airborne Model G-303,
capable of 0.125 gamma sensitivity, but operated
at 0.25 gamma sensitivity.

Radar Altimeter, Bonzer with a linear recording
cutput, displaying an altitude range of 0 to 2500
feet.

Rosemont Barometric Altimeter with recording output
and display.

Recording Thermometer for monitoring ocutside air
temperature.

Tracking Camera, Automax 35 mm framing camera with
wide angle lens to provide flight path recovery
data.

Analog Recorder geoMetrics MARS & to record the
following data:

a) Biyyy using a window about the 1.76 MeV peak
from the downward lLocking system.

b} Bi air background using a window about the
1.76 MeV peak from upward looking system,

¢) Magnetometer

d) Total Count for downward looking system
(0.4 to 3.0 MeV)

e} Event and time markers.

HP 7128, two channel analog recorder to record the
following data:

a) Outside air temperature
b) Barometric altimeter
¢) Event and time markers

d) buring system calibrations, this recorder is
used to plot full analocg spectra for both the
down and up crystal systems via the GR-300.
Thus, a hard copy record of the data used for
resolutions, drift, and other checks is availble
at all times (Refer to Figure 7). This apprecach
provides instant verification of systenm
parameters.

12
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ROTARY WINGED AIRCRAFT

The helicopter used for the survey is an Aerospatiale
SA315B LAMA, Registry No. N&7319, The SA315B LAMA was
designed and built by Societe Naticnale Industrielle
Aerospatial of France to meet the requirements of the
Indian Armed Forces for a medium—-sized helicopter capable
of working in the Himalayas. In that the craft was
initially designed to haul heavy pay loads in rugged
mountainous terrain, its overall performance and safety
features make it ideal for low level, rotary-wing airborne
geophysical survey work. There is virtually no other
medium-sized rotary-wing aircraft which can carry the
adequate payload at the necessary constant low airspeeds
and tight terrain clearances and still maintain a wide
envelope of safety, all while operating economically.
Performance data for the SA315B LAMA (both general and in
its present gecphysical survey configuration) are given
bhelow:

Type: Turbine-driven general purpose helicopter.

Rotor System: Three-blade main and antitorque rotors. AllL-
metal main rotor blades, of constant chord, are on articu-
lated hinges, with hydraulic drag-hinge dampers.

Rotor Drive: Main rotor driven through planetary gearbox,
with free-wheel for autorotation. Take-off drive for tail
rotor at lower end of main gearbox, from where a torgue
shaft runs to a small gearbox which supports the tail rotor

and houses the pitch-change mechanism. Cyclic and collec-
tive pitch controls are powered,.

Fuselage: Glazed cabin has light metal frame. Center and
rear of fuselage have a triangulated steel-tube framework.

Landing Gear: Skid type, Wwith removable wheels for ground
maneuvering. Pneumatic floats for normal operation from
water, and emergency flotation gear, inflatable in the air,
are available.

Power Plant: One 870 shp Turbomeca Artouste IIIB turboshaft
engine, derated to 550 shp. Fuel tank in fuselage center-
section, with capacity of 157.3 uU.S. gallons (useable) (573
Litres).

14



Accommodation: 6Glazed cabin seats pilot and passenaer side
by side in front and three passenaers behind. Provision
for external sling for loads of up to 2,204 ibs. (1,000
kgl. Can be equipped for rescue (hoist capacity 265 Llb.;
120 kg), liaison, observaicon, training, agricultural,
photographic, ambulance and other duties. As an
ambulance, can accommodate two stretchers and a medical
attendant internally.

bimensions, External: Main rotor diameter 36 ft.,1-3/4 in.
Tail rotor diameter 6 ft.,3-1/4 in.
Main rotor blade
chord (constant? 13.8 in.
Length overall, both
rotors turning 42 ft.,,4-3/4 1in,
Length of fuselage 33 ft., 8 in.
Height overall 10 ft.,1-3/4 1in.
Skid track 7 ft.,9-3/4 din.

Performance {(Sea Level Standard Conditions}

Internal External
Average Maximum Average Maximum

At Gross Weight lb 3,310 4,300 4,200 5,070
Empty Weight lb 2,216 2,216 2,216 2,216
Useful Load lb 1,094 2,084 1,984 2,854
Sling Load (max) (b 2,500
Cruise Speed mph 118 1718 55-75 55-75
Top Speed, Vne mph 130 130 - -
Useable Fuel US gqal 146 146 46 46
Service Ceiling ft (23,000)% 17,710 18,370 10,800
HIGE Ceiling ft (23,0000% 16,730 17,600 9,220
HOGE Ceiling ft (23,000)% 15,170 16,100 5,000
Rate of Climb SL fpm 1,580 1,080 1,120 730
Max. Ranae, SL m i 308 308 3T H% 31 %%

( ) Maximum certified altitude -23,000 ft.

*% Missjion radius -includes: 10 minutes fuel reserve
3 minutes SL Hover
Return with no load

15



Present Geophysical Configuration

Lama Weiaht Empty 2,193 Llbs.
Maximum Fuel %00 Llbs,
Geophysical Electronics 850 Lbs.
Pilot 165 lbs.
Navigator 175 Lbs.
TOTAL 4,458 Lbs.

Electronics

The major components of the airborne data collection system
are summarized below (shown pictorially in Figure 8 and
schemtically in Figure 6 ):

1.

Gamma Ray Spectrometer, geoMetrics GR-800,
utilizing a dual 256 channel capability to
provide spectral data in the 0.4 to 3.0 MeV

range for both the downward Llooking and the

upward tooking crystal packages and coverage

in the 3.0 to 6.0 MeV range for cosmic¢ background.

Crystal Detector, geoMetrics Model NalI-10G/CS
consisting of 2048 cubic inches in the downward
looking configuration and 256 cubic inches approp-
riately shielded in an upward looking
configuration.

A geoMetrics Digital Data Acguisition System, Model
G-714 with read-after-uwrite data verification,
recording the follwing on magnetic tape:

a) 512 channels of gamma ray spectrometer data

b) Total magnetic intensity

c) Fiducial number from data sys*tem/camera

d> Manually inserted information, i.e., date,
survey area, and flight line number

e) Altitude from radar altimeter and a barometric
altimeter (by analog-to-digital conversion)

f) Time in days, hours, minutes and seconds

g) Qutside air temperature
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HELICOPTER GEOPHYSICAL SURVEY SYSTEM
(Aerospatiale SA315B Lama)

Ideally suited to contour flying, this exploration platform is employed on a Mid-
west E.R.D.A. survey along the front range of the Rocky Mountains in central
Colorado. [Far left]: A single shock-mounted instrument rack includes Geo-
Metrics Model G-803 Proton Magnetometer (top of rack), Model GR-900-2
Detector Interface console, Model GR-800D Multichannel Gamma Ray Spec-
trometer and G-714 Digital Data Acquisition System. A specially designed
Intervalometer console is located above the Exploranium MARS-6 six-channel
Analog Recorder and the Kennedy Model 9700 Magnetic Tape Deck. A fused
Power Distribution Panel is shown at the bottom of the rack. Operator's seat
is folded up to the left of the instrument rack. [Left]: Magnetometer "bird"
sensor is towed from a 100 ft. nylon sleeved signal cable. [Bottom left]: The
Lama was outfitted at GeoMetrics manufacturing facilities in Sunnyvale, Calif-
ornia. [Below]: A center platform, held secure by the cargo hook, contains
both a Model DET-1024 and DET-1024/256 R exSquare" detector for a total
volume of 2,048 cu. in. downward-looking and 256 cu. in. upward-looking. A
Bonzer altimeter and Automax flight-path recovery camera are also included
on the eenter platform. The entire instrumentation system, including detectors
and hardware weighs approximately 700 lbs. (318 kg) installed.

FIGURE 8






10.

Magnetometer, geoMetrics Airborne Model
capable of 0.125 gamma sensitivity, but
at 0.25 gamma sensitivity.

Radar Altimeter Sperry Model AA200 with
output and display and minimum altitude
of DO to 2500 feet.

Rosemont Barometric Altimeter with reco
output and display.

Recording Thermometer for monitoring ou
temperature.

Trackina Camera. Automax 35 mm framina
wide angle lens to provide flight path
data.

Analog Recorder geoMetrics (MARS 62) to
following data:

a) Bizyy wusing a window about the 1,76
from the downward lookina system.

b) Bi air background using a window abo
MeV peak from the upward Llooking sys

¢) Magnetometer

d) Radar Altitude

e) Total c¢count for downward looking sys
3.0 MeVv)

f) OQutside air temperature

g) Event and time markers

HP 7155 sinmgle channel analog recorder
and post flight calibrations, this reco
to plot a full analog spectra for Dboth
up c¢rystal systems via the GR-800. Thu
copy record of the data used for resclu
etc., checks are available at all times
approach provides instant verification
parameters (refer to Figure 7).
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OPERATIONS

_ATA COLLECTION PROCEDURES

Operating Parameters/Sampling Procedures

This survey was conducted using data collection parameters
summarized below:

1. Data sampling was performed by a time-based system
using 1.0 seccond sample intervals. ALl sensor data
with analog cutput were digitally sampled at each
scan beased upon the clock timing rate of 1.0 seconds.
The data so collected are the instantaneous values of
the altimeters, temperature, pressurer, and magnetometer
parameters determined at the time of the data scanes
but represent a count time of 1.0 seconds for the
gamma ray spectrometer data.

2. The Tracker objective ground speed was 135 mph, and
the heliccopter objective ground speed was 70 mph.
These were not exceeded unless dictated by safety.

3. The downward Looking crystal volume was 3,584 cubic
inchess providing a range in V/v (i.e. crystal vol=-
ume in cubic inches divided by ground speed in miles
per hour), of between 27.5 (130 mph), and 25.6 (140
mph) for the S2F. Helicopter downward crystal volume

was 2078 cubic inches providing an average V/v of
29.3 at 70 mph.

4. The volume of the upward looking crystal was 512
cubic inches for the S2F and 256 for the Lama.

Navigation/Flight Path Recovery

Mavigation was accemplished using a combinaticn of visual
and doppler navigation technigues in the fixed wing and
visual in the rotary wing aircraft. Flight lines were
drawn on 1:250,000 scale NTMS quadrangle sheets for the
S2F and on 1:24,000 quadrangites for the Lama. The
pilot/navigator utilized these maps to provide visual
navigation features. Flight lines were generally start-
ed and ended visually for both the Lama and the S2F.
While deppler was used to fly a straight Line betuween

end points in the S2F, visual methods were continued for
the Lame.

Simultaneously, a 35 mm tracking camera was used to re-
cord actual flight positicn. This camera’s fiducial num-
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bering system was directly synchronized to the digital re-
cording system such that a one-tc-one correlation between
position and data could be made. Upon completion of a
data collection flight, the 35 mm film was processed and
actual flight path positions located on the appropriate
scale map sheets. At the boundaries of the fixed wing/
rotary wing areasrs flight Llines were flown by both the S2F

and the Lama with overlaps of 1 mile over the best available
terrain.

Infield System Calibration

Due to the complex nature of both the systems and the re-
quired data interpretations much emphasis was placed on
infield calibration of each data cocllection system. The
objective of this calibration was to ensure continuous
high quality of the data collected. The daily calibration
procedures used are set forth in the following summary
check Llist:

A. Pre Flight

1. Use cesium sources (same positioning on crystals
every day)s, peak each Photomultiplier tube/crystal

using the digital splitwindow detector of the GR-
800 .

2. Run full cesium spectrum on analog recorder for
both down and up looking crystals. Calculate the
cesium resolution (see sample in Figure 7). Run
spectrum out past the K40 peak on down crystals for
centering evaluation of K&Q0 peak.

3. Use thorium sources (same position every day) check
upper end of spectrum in both up and down crystals -
using the digital split window of the GR-300.

4, Run full thorium spectrum of down crystals on analog
recorder. Check for centering of K40 and Th peaks
in spectrum.

B. buring Flight

1. Run test Line at survey altitude (400 ftd, for approx-

imately five miles, prior to production deta collection
(record both analog and digital).

2. Prior to production data collecticn, the above data
are evaluated to ensure + 20% limits on total count
compared to first test flight from that base of oper-
ations.
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3. During production data collections, monitor radon
analog data for unusual jncreases. Visually corre-
late these with temperature and bharometric pressure.

4. Upon completion of production data collections, refly
test Lime at survey altitude (400 ft.). Record both
analog and digital.

C. Post Flight

1. Verify test Line total count within % 20% of first

test Line at that base of operations.

2. Using cesium sources (same position as pre—-flight).,
run full cesium spectrum for both down and up cry-
stals (allow it to record through the K40 peak in
the down crystals).

3. Calculate the resolution of down and up crystal
pack.
4. betermine shift, if any, in K40 peak position.

PRODUCTION SUMMARY-ROCKIES/LARAMIE PROJECT

This report covers 4 of 6 NTMS Quadrangles comprising the
"Rockies/Larmie" Project. Included im this report are the
Rock Springs- Rawlins, and Cheyenner Wyoming, and Greeley.,
Colorado NTMS Quadrangles. Under separate covers, the bal-
ance of the "Rockies/Larmie" Projectr is contained the Den-
ver and Pueblo, Colorado NTMS quadrangles.

The four guadrangles reported herein consisted of a total
of 14,1704 Line miles. Of this milager 8643 Line miles were
flewn with a fixed wing configured system. The production
summary presented below and in Appendix H describes the
total project, since 4in some casess, deata collection over-
Lapped in the Greeley, Denver and Puebloc guadrangles.

Rotary wing data collection within this project was inijti-
ated on August 9, 1977 at Saratogar Wyoming. Data collect-
icn with the rotary wing ceased on November 18,1977 after
encountering severe weather problems. ALl but 624 rotary
wing Line miles of the total project were completed. The
balance of the data were collected during the 1978 flying
season starting on July 31,1978 with completion on August



>, 1978. Operating bases used during this

period include: Saratoga., Wyoming; Fort Collins, Colorado;
Estes Park, Colorado; Golden, Coloradeo; Woodland Parke
Colorado; and Canon Citys, Cclorado.

The fixed wing data collection was started in Rock Springs»s
Wyoming on October 28, 1977. On November 7, 1977, operations
were suspended due to eguipment problems. 0On July 17, 1978
operations were reinitiated at Cheyennes Wyoming. The fixed
wing portion of the total project was completed on August 3L,
1978 from Pueblor Colorado.

During the above time period, a total of 13,855 line

miles of rotary wing data and 11,495 Lline miles of fixed
wing data were coltected. Details of this daity preoduction
are contained in Appendix H.

Throughout the course of the overall projects the average
ground speed maintained by the rotary wing and fixed wing
aircraft was 69 mph and 141 mph respectively. This pro-
duced an average V/v for the rotary wing system of 29.7
(cubic inches per mite per hour) and 25.4 (cubic inches
per mile per hour) for the fixed wing system.

(A sample altitude statistical distribution is shown 1in

Figure 9). Overall, in excess of 97% of the data collected
were Wwithin the specification Llimits.
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Typical Radar Altimeter Statistical
Histogram for Single Flight Line.

Figure 9.



SYSTEM CALIBRATION

AIRCRAFT AND CCSMIC BACKGROUND

Full spectral data are collected at five (5) altitudes

over water (Tracker: 15,000 feet; Lama: 14,000 feet; 12,000
feet; 10,000 feet; 8,000 feet and 6,000 feet) in an area
where the existence of no airborne Bis 4 can be assured
{offshore over the Pacific Ocean). This resutts in sepa-
rate spectra as shown schematicakly in Figure 10. We de-
fine S$(12,000) to be the spectra at 12,000 feet from 0.4
MeV to 3.0 MeV with $(8,000) the same spectra at a lLower
altitude (8,000) and =C ¢(h) the total count between 3.0 and
6.0 MeV at respective altitudes. Since the aircraft back-
ground is constants the difference between any two altitudes
separated sufficiently - typically, 2,000 feet-yields

the cosmic spectral curve shapes as shown schematically in
Figure 10. Thus

$(12,000) - s(8,000)

AS
and

ZC12 (hi) - EC8 (hi) = AC

This cosmic spectral curve is scaled back to 12,000 feet
as follows:

ic (hi) X AS
AC

the aircraft background is derived as follows:

£ (12,000) the Cosmic Spectrum {(Shape

12 and magnitude at 12,000 feet

5¢(12.,000> - CC12,000> = A/C Background

Since data were collected at five altitudes, this proce-
dure was repeated for each combination of altitudes and
results averaged. Typical aircraft and cosmic spectra are
shown in Figure 11 and 12 respectively.

SYSTEM CONSTANTS

System constants were determined by occupation of the DoE
Walker Field Test Pads. These five test pads contained
varing concentrations of K, Us, and T as presented by BFEC:
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Figure 10 - Multiple altitude spectrz schemetic
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DERIVED AIRCRAFT BACKGROUND SPECTRUM FROM PACIFIC OCEAN DATA AIRCRAFT BACKGROUND

ROTARY WING AIRCRAFT
DOUNWARD-LOOKING CRYSTAL SPECTRUM FOR LINE AC BGD, DATED 072577 DONNNARD LOGRING  CRYSTAL

TC (@-8 MEV) 184.07 TC (©.4-3.8 MEV) 141.17 COSMIC (3-6 MEV) @.20 2048 CUBIC INCHES
U €1.12 MEV) 9.91 K (1.48 MEY) 14.54 U (1.76 MEV) 4.36 T (2.62 MEV) 4.29 DATE: 25 JULY 1977
CH @ (9.90@ MEY) 9.90@ CPS X

CH 1 (@.912 MEV) 0.00Q CPS X

CH 2 (@.024 MEV) ©.908 CPS X

cH 3 N *

CH 4 *

CH & x

oM. & *

cH 07 *

CH B *

CH 9§ x

CH 1@ x

CH 11 ¥

eH 12 x

eH i3 x

CH 14 ¢ %

gH 15 ¢ x

CH 18 ¢ x

CH 17:-¢ X

CH 18 ¢ X

CH 19 (@, x

CH 20 (®e. x

CH 21 (@o. XXXKX

CH 22 (@, KXEXKEEKERKE
CH 23 (o. FEEEEREEREEREE
CH 24 (e. EXEKXXRIKRKEEKE
CH 25 (@, XERXERKKE RN
CH 26 (@. FEERRICKRR LR
CH 27 (o TEXREXKEXLEL
CH 28 (@, FXEERRAXXELRRK
CH 29 (o, EXREXXELERE
CH 3@ (e. 1996 CPS XXKXXAXEXX

CH 31 (8,366 MEV) 2.559 CPS XXXXXXXtX

CH 32 (9.378 MEV) 2.269 CPS XXXXXXLX

CH 33 (0.398 MEV) 2.102 CPS XXXXXxx

CH 34 (9.482 MEV) 2.981 CPS xXXXXxXx TOTAL COUNT
CH 35 (0.414 MEV) 2.121 CPS XXXXXXX

CH 36 (0.426 MEV) 2.114 CPS XXXXXXX

CH 37 (8.437 MEV) 1.9768 CPS5 XXXXXXX

CH 38 (0.449 MEV) 2.290 CPS XXXXXXXX

CH 39 (@.461 MEV) 2.188B CPS XXXXXXXX

CH 49 (@.473 MEV) 2.286 CPS XXXXXXXX

CH 41 (0.485 MEV) 1.983 CPS XXXXxxx
CH 42 (9.496 MEV) 2.185 CPS XXXXXXX
CH 43 (0.508 MEV) 2.158 CPS XXEXKKXX
CH 44 (0.520 MEV) 2.267 CPS5 XXXKXXXX
CH 45 (@.532 MEV) 2.217 CPS XXXXXXKX
CH 46 (©.544 MEV) 1.997 CPS XkXk¥xkx

CH 47 (8.556 MEV) 2.447 CPS XXXXXXXX
CH 4B (©.567 MEV) 2.540 CPS XXXXXXEXX
CH 49 (9.579 MEV) 2.586 CPS XXXXfXxix
CH 50 (e.591 MEV) 2.708 CPS XXXXXRXAX
CH 51 (@.803 MEV) 2.481 CPS XXX¥xfxx
CH &2 te.815 MEY) 2.372 CPS XXXXRAXX
CH 53 (8.626 MEV) 1.866 CPS XXXXXxx
CH 5S4 (2.838 MEV) 1.682 CPS XXXXXX

CH 655 (9.85@ MEV) 1.661 CPS :::::X

CH 57 (8.674 MEV) 1.474 CPS XXXXX
8

CH 58 (@.686 MEV) 1.447 CPS5 XXXXXx
CH 59 (0.697 MEV) 1.431 CPS XXXxx
CH 6@ (@.709 MEV) 1.476 CPS XXXXx
CH B1 (@.721 MEV) 1.453 CPS xXXxx
CH 62 (8.733 MEV) 1.467 CPS 5
CH B3 (0.745 MEV) 1.579 CPS XXkX%x%
CH 64 (@.758 MEV) 1.497 CPS XXXxxx
CH 85 (©.768 MEV) 1.548 CPS X¥Xixx
CH €66 (0.780 MEV) 1.421 CPS xXxxxxx
CH 67 (0. MEV) 1.282 CPS *¥xxx
CH BB (©.804 MEV) 1.155 CPS ¥x%x%
CH €69 (9.816 MEY) 1.246 CPS xxxx%
CH 7@ (®,827 MEV) 1.245 CPS XXXxx
CH 71 (0.839 MEV) 1.161 XXX
CH 72 (e.851 MEV) 1.2853 CPS XXXxXX

CH 88 (1.04@ MEV)  ©.853 CP5 xxx
CH B9 (1.852 MEV) ©.901 CPS Xxfx BISMUTH 214
CH 90 (1.064 MEV) ©.822 CPS ftx

CH 91 (1.876 MEV)  ©.867 CPS x%xx

CH 92 (1087 MEV) ©.968 CPS %x%x

CH 93 (1.099 MEV) ©.85i CPS xxxx

CH 94 (1.111 MEV)  ©.905 CPS xxxx

CH 95 (1.123 MEV)  ©.847 CPS Xxxxx

CH 96 (1.135 MEV) @.881 CPS Xxxxx .
CH 87 (1.147 MEV)  ©.80@ GPS .
CH 98 (1.158 MEV) @.727 CPS Xxx

€H 99 (1!170 MEV) ©.?751 CPS xx

CH 100 (1.182 MEV) @7 CPS Xk BISMUTH 214
CH 11 (1.194 mEV) ©.663 GRS 33 (5 3
CH 102 (1.806 MEV) ©0.657 GCPS xkx

CH 103 (1.217 MEV) ©.633 CPS %% 4 - < ‘ - y - o ol i
€M 104 (1.229 MEV)  ©.719 CPS XKk

CH 185 (1.241 MEV) ?.6871 CPS Ix% A———
CH 106 (1.253 MEV) @.475 CPS %%

CH 107 (1.265 MEV) ©.801 GPS %

CH 108 (1.277 MEV) @.661 CPS X%

CH 189 (1.E88 MEV)  0.663 GPS X

CH 118 (1.300 MEV) 0.606 CPS Xxx

CH 111 (1.312 MEV)  ©.630 OPS *x*

CH 113 (1.324 MEV) ©.652 OPS XEx

CH 113 (1.335 MEV) 644 CPS xxx

CH 114 (1.347 MEV) ©.652 GPS XX

CH 115 (1.359 MEV) 1791 CPS ®xx

CH 116 (1.371 MEV) ©.787 CPS Xx% POTASSIUM 4@
CH 117 (1.383 MEV)  9.834 CPS Xrkx

CH 118 (1.395 MEV) {984 CPS k¥kx

CH 119 (1.407 MEV)  1.072 CPS %¥%x

CH 120 (1.418 MEV)  1.124 GPS ¥XXf

CH 121 (1.430 MEV) 1.088 CPS %%kt

CH 122 (1442 MEV)  1.210 GPS XXXAX

CH 133 (1.454 MEV)  1.231 OPS XXEXX

CH 124 (1.466 MEV)  &.2067 CPS XXXXX

CH 185 (1.477 MEV) .S95 CPS xxxx

CH 126 (1.4BS MEV) ©.967 GPS XXxx

CH 127 (1.501 MEV) ©.624 CPS XXX

CH 128 (1.513 MEV) ©.635 CPS X%

CH 189 (1.525 MEV) ©.512 CPS XXk

CH 138 (1.537 MEV) ©.48% CPS XX

CH 131 (1.548 MEV) 0,409 CP5 XX

CH 132 (1.56@ MEV) ©.389 CPS *x POTASSIUM 40
CH 133 (1,572 MEV)  @.339 CPS xx

CH 134 (1.584 MEV) ©.438 CPS %x

CH 135 (1.596 MEV) ©.318 CPS %t

CH 136 (1.608 MEV)  ©.259 CPS xx

CH 137 (1819 MEV) ©.550 €PS xx

CH 138 (1.631 MEV) @353 xx

CH 139 (1.643 MEV)  ©.323 OPS %*

CH 14 (1.855 MEV) ©.332 CPS XX

CH 141 (1.667 MEV) ©.326 CPS xXx BISMUTH 214
CH 142 (1.678 MEV) ©.267 CPS %X

CH 143 (1.690 MEV) ©.275 CPS XX

CH 143 (i.762 MEV) @.245 GPS X

CH 145 (1.714 MEV) ©.347 CPS XX

CH 146 (1.726 MEV) ©.352 CPS xx

CH 147 (1.738 MEV) ©.293 CPS xx

CH 148 (1.749 MEV) ©.358 GPS xx

CH 149 (1.761 MEV) ©.270 CPS XX

CH 156 (1.773 MEV) ©.334 CPS Xx

CH 151 (1.785 MEV) ©.245 GPS %x

CH 152 (1.797 MEV) ©.258 CPS Xx

CH 153 (1.B08 MEV) ©.174 GPS X*

CH 154 (1.B2@ MEV) @.228 GPS %%

CH 155 (1.832 MEV) @, 188 CPS %x

CH 156 (1.844 MEV)  ©.115 GPS *

CH 157 (1856 MEV) ©.084 GPS x BISMUTH 214
CH 158 (i.888 MEV) ©.147 CP5 %

CH 159 (1879 MEV) 0,147 CPS x

CH 160 (1.891 MEV) ©.139 OPS %

CH 161 (1.903 MEV) ©.109 CPS x

CH 162 (1.915 MEV) ©.891 GPS x

CH 163 (1.927 MEV)  ©.151 CPS X

CH 164 (1.938 MEV) ©.088 CPS x

CH 165 (1.950 MEV) @.136 CPS %

CH 166 (1.982 MEV) ©.157 CPS x

CH 167 (1.974 MEV) @.119 CPS

CH 168 (1.986 MEV) ©.109 CPS x

CH 169 (1.998 MEV) @.113 GPS %

CH 17@ (2.009 MEV) ©0.106 GPS %

CH 171 (2.@21 MEV) @.147 CPS %

CH 172 (2.033 MEV) ©.137 CP5 &

CH 173 (2,045 MEV) ©.171 GPS #x

CH 173 (2.057 MEV)  ©.154 GPS x

CH 175 (2.068 MEV) ©.1i08 GPS %

CH 176 (2.080 MEV) ©.i62 GPS x

CH 1?7 (3.092 MEV) e.ie4 CPS x

CH 1?78 (2.1@4 MEV) @.138 CPS x

CH 179 (2.116 MEV) ©.137 CPS X

CH 180 (2.128 MEV) ©.119 CPS x

CH 181 (2.139 MEV) ©@.169 CPS XX

CH 182 (2/151 MEV) ©.i48 CPS x

CH 183 (2.163 MEV) ©.ie1 GPS %

CH 184 (2.175 MEV) @.114 CPS %

CH 185 (2.187 MEV) @.088 CPS x

CH 1BE (2.199 MEV) .11 GPS %

CH 1B7 (2,210 MEV) ©.085 CPS X

CH 188 (2282 MEV] ©.130 CP5 %

CH 189 (2.234 MEV) ©.117 CP3S %

CH 190 (5.246 MEV) ©.113 CPS x

CH 191 (2.258 MEV)  ©8.118 CP3 x

CH 192 (2.263 MEV) ©.888 CPS x

CH 193 (2.281 MEV) ©.097 CPS &

CH 193 (2.293 MEV) ©.095 CPS %

CH 195 (2.305 MEV] @.087 CPS %

CH 196 (2.317 MEV) @.059 CPS x

CH 197 (2328 WEV) ©.015 GPS %

CH 198 (2.34@ MEV) @.041 CPS %

CH 199 (2.352 MEV) .07 CPS £

CH 308 (2.364 MEV) ©.887 CPS %

CH 201 (2.376 MEV) 0,085 CP3 *

CH 202 (2.388 MEV) ©.084 CPS £

CH 203 (2.399 MEV)  ©.064 CPS x

CH 204 (2.411 MEV)  @.123 CPS * THALLIUM 208
CH 205 (2.423 MEV) ©.076 GPS x

CH 2@E (2.435 MEV) & CPS x

CH 207 (2.447 MEV) @.147 CPS X

CH 208 (2.459 MEV) ©.108 GPS x

CH 209 (2.470 MEV) ©.i20 CPS ¥ -
CH 210 (2.482 MEV) ©.892 CPS x

CH 211 (2.494 MEV) ©.127 OPS %

CH 212 (2.506 MEV) 2.169 CPS xx

CH 213 (2.518 MEV) @.206 CPS xx

CH 214 (2.529 MEV) 0.262 CPS xx

CH 215 (2.541 MEV) 9.184 CPS xx

CH 218 (2.553 MEY) . 206 CPS XX

CH 217 (2.565 MEV) 195 CPS xx ‘
CH 218 (2.577 MEV) .173 CPS XX

CH 219 (2.589 MEV) 201 CPS xx

CH 220 (2,60@ MEV) +329 CPS xx

CH 221 (2.812 MEV) 232 CPS x%

CH 222 (2.624 MEV) .187 CPS xx ,
CH 223 (2.636 MEV) 171 CPS xx

CH 284 (2.648 MEV) 177 CPS %%

CH 225 (2.660 MEV) 8BS CPS x

CH 226 (2.871 MEV) 28 CPS x

CH 227 (2.8683 MEV) 9.124 CP5S %

CH 228 (2.695 MEV) 9.131 CPS x

CH 229 (2.7e7 MEV) @.2890 CPS *

CH 238 (2.719 MEV) 2.927 CPS x

CH 231 (2,730 MEV) 9.012 CPS x o
CH 232 (2.742 MEV) -2.026 CPS x

CH 233 (2,754 MEV) -0.824 CPS % -
CH 234 (2.766 MEV) ©.038 CPS x

CH 235 (2.778 mEV) @.803 CPS x

CH 238 (2.790 MEV) @.26@ CPS X X
CH 237 (2.801 MEV) ©.938 CPS x THALLIUM Zes
CH 238 (2.813 MEV) ©.223 CPS x

CH 239 (2.825 MEV) 9.008 CPS x

CH 240 (2.837 MEV) ©.078 CPS x

CH 241 (2.849 MEV) 8.827 CPS x

CH 242 (2.86@ MEV) @.947 CPS x

CH 243 (2.872 MEV) 9.039 CPS x

CH 244 (2.884 MEV) 9.284 CPS x

CH 245 (2.896 MEV) @.025 CPS x

CH 248 (2.988 MEV) @.e25 CPS x

CH 247 (2.92@ ME -0.015 CPS %

CH 248 (2.931 MEV) 0.037 CPS %

CH 249 (2.943 MEV) -0.005 CPS X

CH 25@ (2.955 MEV) 0.042 CPS x

CH 251 (2.967 MEV) @.002 CPS5 %

CH 252 (2.979 MEV) -2.018 CPS X

CH 253 (2.990 MEVY) @.031 CPS x

CH 254 (3.802 MEV) -8.186 CPS ¥ TOTAL COUNT
CH 255 (3.014 MEV) ©.009 CPS x
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DERIVED COSMIC SPECTRUM FROM PACIFIC OCEAN DATA : COSMIC SPECTRUM
P ROTARY WING AIRCRAFT
DOWNWARD-LOOKING CRYSTAL SPECTRUM FOR LINE COSMIC, DATED @72577 DOWNWARD LOOKING CRYSTAL

TC (@-6 MEV) 5275.@9 TC (90.4-3.2 MEV) 3245.27 COSMIC (3-5 MEV) 1000.00 2048 CUBIC INCHES
U (1.12 MEV) 165.91 K (1.46 MEV) 181.83 U (1.76 MEV) 157.56 T (2.62 MEV) 213.66 DATE: 25 JULY 1977
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PAD K U T

Matrix 1.45% 2.19 ppm 6£.26 ppm
K 5.14% 5.09 ppn 8.48 ppm
U 2.03% 30.29 ppm 9.19 ppmn
T 2.01% 5.14 ppm 45.33 ppm
Mixed 4.11% 20.39 ppm 17.52 ppm

Since the measurements were taken over a relatively short

time period (4 hours), it was assumed that the matrix pad
measurements contain not only the effects of the matrix

pad itself, but also aircraft background (which is a constant).,
cosmic background (constant over the time period of interest).,
and all other local background (e.g.r BiAir, etc.) effects.
Thuss by subtracting the matrix pad count rates from the

count rates in the four padss we have sliminated aijrcratft

and cosmic background and BiAir effects for the four pads.

The pad concentrations are then mcocdifises in a similar

fashion by the subtraction of the metrix pad concentrations.
Thus, the count rate datar after subtracting out the matrix
pad count rate data can be related directly tc the effects of
the differential concentrations in the four pads (K, U, T and
mixed). The differential concentrations in the pads are given
in the table below:

PAD K y I
K=Matrix 3.7% 2.9 ppm 2.2 ppm
U-Matrix 0.6% 28.5 pom 2.9 ppm
T-Matrix 0.6% 3.0 ppm 29.0 ppm
Mixed-Matrix 2.7% 18.8 ppmn 11.3 ppm
Considering the above, we now define & functional relation-
ship using these datas which will proviZes a method of
determining the calibration constants for the spectrometer
system. These calibration constants ars the sensitivitiess
in count rate per unit elemental concerntrationss and the
interactions which occur between the etegmental channels 9n
the system (Compton scatter coefficientss, etc.).

Keeping in mind that we are dealing with the count rates
corresponding to the concentraticns presented in the Last
tabler we define the fellowing:



KC = uncorrected system count rate for the K channel
UC = uncorrected system count rate for the U channel
TC = uncorrected system count rate for the T channel
K = the percent differential concentration of potassium
U = ppm differential concentration of uranium

T = ppm differential concentration of thoriunm

We also define the following:

bk = sensitivity of KC to concentrations of K

Sku = sensitivity of KC to concentrations of U

gkt = sensitivity of KC to concentrations of T

Cuk = sensitivity of UC to concentrations of X

Cuu = sensitivity of UC to concentrations of U

z;ut = sensitivity of UC to concentrations of T

Ctk = sensitivity of TC to concentrations of K

ctu = sensitivity of TC to concentrations of U

Ctt = sensitivity of TC to concentrations to T

We must now sclve for the above nine variables to define

the systems's overall sensitivity. On the basis of an ideal
situations, one would anticipate that some of these variables
should be equal to 0. This is not totally the caser since

we are dealing with a system which has less than infinite
resolving power (j.e. the energies are smeared to some extent).
Thuss energy peaks within a spectrum of a given element are
Gaussian shaped rather than a pure line spectrum. Additionally.
we are cdealing with finite spectrzal windowss, multiple peaked
spectrar and pulse pileup; all tend to couple each window's
response 1o the other.

Using the foregoing-

we can write nine equationss one set

for each of the three (K, U and T) pads.
K pad ke =5kk T RY R T
ue =fak® t EGLY BT |
Te =Skt B U T R T
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U_pad ke = "kkf R Yt BT
uc = CukK * CuuU ¥ CutT
Te = Skt Ut ST
T_pad ke = SkkR Ot T Yt R T
uc = CukK ¥ cuuU ¥ Z"utT
Te = ekt fp Y Tt

Separating these eguation into consistent groups we get

r + +
ek otk T G Tk

It

(K pad) KC

CkkKu + CkuUu + EktTu

(U pad) KC

Skt o+ TkuYe o+ Sk e

(T pad) KC

Where K, = concentration of K in K pad., Ku= concentration of
K in U pad, and Kt = concentration of K in the T pad.

The equations can be expressed in matrix form

e
KCk Kk Uk Tk kk
_ z
KC = K §] T ku
k u u u
KC K U T Srt
t t t

Where the kr u and t subscripts represent the Kr U and T pads.

In a similar manner we can write the other twe matrix equations
for UC and TC respectively.

z

uc, KU T, ( uk

uc = K U T g
u 5] 0] u

uc, K, U, T, \ ot
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K k k k
TC = K U T . Sty
u U u
TC K u T “tt
t t t t

In matrix form, these equations can be expressed in the
general form of

A = 5.2 or E =B . A
where A is the count rate matrixs B is the matrix of the known
concentrations matrixs, and ¢ the sensitivity matrix. We now

have a functional relatjonship from which to derive all the
sensitivity coefficients.

In order to calculate the concentrations in the unknown pad.,
we rewrite the

. = - - -1 . - - - . )
equation as B = A . and define ¢ = A. Expanding this
we have:

K bk Bku Bkt KC

u = buk  Puu By v uc

m m

T Bekn ey By TC

m m

where the subscript m refers to the mixed pad. Expanding
this in algebraic form we cobtain the following set of
equations:

[
~
C

A4 =
>
+

K = A (KC_ + TC )

3
=
x~
3
=
x‘1
=
oo
)
+
[
x.1
=

>
=

uk
cyu

c
+

U = (Ut + x=— TC o+
m uu m

>

KC 2
m

L=
==
3

==
>

i)

= +
Tm - (TCm

—+
[
~
=~

KC )

[
-
+
s
]
3
+
I
-+
+
3

where all count rates are observed values minus the matrix
pad.
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The terms in parenthesis in the above 3 equations are the
"corrected stripped count rates'" for the system. (These
stripping coefficients are defined in terms of the S.. in
order to eliminate confusion with ar £, v and which gﬂe
sometimes defined slightly differently.) The results are
defined as follows:

Sk = ——= (effect of uranium on potassium)
Y Akk

Skt = —= (effect of thorium on potassium)

S = =—— (effect of thorium on uranium)
ut A .

w
1l
= =g
C
~

Uk (effect of potassium on uranium)

C
[

g
t
o

StU = {effect of uranium on thorium)

=g
+
+

ATMOSPHERIC RADON COQORRECTION

Consider the crystal configuration shown below:

Xtal 2 , .
(T T T T T i mmm e e Lead Shield
| Xtal 1

»
Let 1 and 2 designate the down and up crystal respectively.
The down crystal sees radiation rates of I, composed of the
air signal I_ and the ground signal I _plus aircraft and
cosmic backg?ound. e
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Therefore I = I + I + A + C

Simitarly, the up c¢rystal sees the air signal and ground signal
{(both scmewhat attenuated) plus an aircraft and cosmic background.

= + + +
Therefore 12 RIg mIa A2 C2

Where m is the response to the air signal and & is the % of
the ground signal getting through to the up detector.

Using the test pad datar, the factor % can be determined.
Consider the two previous equations. When we subtract the
matrix pad data from the K, Us, and T pad datar, we have
essentially set A1/ Azr C1; and C2 and Ia equal to zero.

Therefore I = I

1 g

12 = 21
or . = I2
I

Instead of using the count rates we can use the resultant
sensitivities 1/Auu to determine & for the elemental channel
U.

174
. = uu Cup)

u
1/ﬁ\'uu (down)

It should be noted that due to "shine around'" (since the
shielding is not an infinite plane, the upward Llooking
crystal respornds to the surrounding terrain) on the test

padss, as altitude increasess, % should decreaser thus & =
flh).

Only the factor m remains to be determined. This unfortunately
cannot be determined from test pad data. It can however be ‘
determined bY flying over water (e.g. use of the Lake

Mead over-water data)l.
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Consider the equations for I,-and I, again

1 2

Over water Ig =90

We have A,r A

, C.r and €, defined.

27~ 2
Removing the aircraft and cosmic background from the over
water data and we are left with

I1 - Ia

I2 = mIa

Since m is the shielding factor response to the air signales
we should have an air signal to "shield". Thus m is best
determined if there is radon present.

Both up and down counting rates are corrected for aircraft
and ctosmic background and so we can solve the following two
equations for Ia'

1 =1 + I
1 g a
= +
12 EIg rnIa
mIa = 12 - RIg
but I =1 -1
g 1 a
then Ia (m=2) = 12 - 211
_ I - 2 I
or Ia - —E——————J— = Bi Air
m - £

and I_ is then the Bi Air contribution from the surrounding
air. 2This is then subtracted from the down Looking U count
resulting in corrected data.
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FIXED WIMG/ROTARY WING DATA NORMALIZATION

As regquired in the Rockies/Laramie Projectsr the rotary wing

data were normalized to the fixed wing data to provide

continuity within NTMS data sets. Normalization was accomplished
by multiplying the rotary wing reduced averaged record K-U-T~

and total count values by an appropriate constant derived from
data obtained on the Walker Field Calibration Pads, Lake Mead
Dynamic Tést Ranger, and flight line overlaps/intersections

within the project area.

To obtain the normalization constant the followong techniqgue
was Implemented:

1) The fixed wing/rotary wing ratio of K, U, T and-
total count cps for the Walker Field Calibration
Pads were calculated and tabulated.

2) The fixed wing/rotary wing ratio of K, U, T and
Total Count cps for quasi-coincident fixed wing/
rotary wing samples (spatially within 50 + feet)
were calculated for all four flights at each of
the eight altitudes flown over the lard portion of
the Lake Meac Dynamic Test Range. Tabulation of
these results included the plotting of histograms»
scatter plots and associated statistical parameters.

and

3) Flight line overlaps/intersections cccurring
within each of the NTMS sheets were subjected to
the same procedure as in 2) above.

From resultts of the above, the proper normalization constant
was selected and input to the processing scheme. In the case
of alt six (6) quadrangles involved in the Rockies/Laramie
PROJECT a multiplicative factor of 1.4 was applied to the

rotary wing average record data (K, U, T and Total Count) to
normalize it to the fixed wing data.
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DATA PROCESSING

DATA PREPARATION

The following sections summarize the techniques used for
reduction and processing of the airborne data.

Field Tape Verification and Edit

The field data tapes containing the airborne data are read
into the computer to verify the recording and data quality.
Data recovery is essentially 100% from the field tapes.
buring this phase, statistics are generated summarizing the
altitude (radar and barometric), ground speed and air
temperature for each flight line. Simultaneously, the
spectral peaks are evaluated for shifts using a centroid
calculation and the particular window's peak channel. The
data are alsoc checked for correct scan lengths and proper
justification of data fields within each scan and live time
calculations are made. During this process, the desired
window data fields are compared with the sum over the same
windows in the spectra and then extracted from each scan and
rewritten as a reformatted copy tape.

The reformatted tape data are then edited, checked and
corrected. The data for each flight (ine are then read
{(with aborted or unnecessary flight line data edited out)
and each data variable is checked for consistency, data
spikes, gradients, etc. Every correction suggested by the
computer is evaluated by the data processing personnel
prior to actual correction. Upon completion of this phase,
the data on the output tape are "clean" and ready for
subsequent correction of the radiometrics and magnetic
tieing. '

Flight Line Location

A single frame 35 mm camera is used for obtaining position
recovery information. (boppler systems are not generally
used for primary navigation, but only as guides for flying
straight Lines and subsequently for interpolation along a
Line between photographically-determined fixes). The photo
Locations are spotted or transferred to a suitable base map
and are digitized.

The fiducial numbers of the spotted points along each Lline
are logged and punched on Hotlerith data processing cards.
A computer program is used to check the consistency of
these data using calculated intersections from tie line to
tie Lline and from traverse to traverse. This program
allows easy detection of keypunching and logging errors as
well as potential flight path recovery errors.
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A computer program then calculates the map location for
each intersection and the beginning and end of each Lline
based on the fiducial numbers and the control Lline/tie
grid. A computer plot is made of these locations to check
against the field plot and correct editing information.
This resulting location information is then merged with the
geophysical data using the fiducial numbers as common
reference. ’

RADIOMETRIC DATA REDUCTION

Reduction of these data was carried out utilizing system
calibration constants as derived from water flights, Lake
Mead Dynamic Test Range, and the Walker Field Test Pads. The
data reduction sequence used may be summarized as follows:
{(See Figure 13 for Flow Diagram)

1. Spectrum stabilization :

2. Dead time correction

3. Aircraft and cosmic background correction
4. Compton stripping

5. Radon correction

6. Altitude correction

7. Data plots
8. Statistical analysis

Processing of the data was performed using the window
energies given below:

Total count - 0.4 to 3.0 Mey

K - 1.37 to 1.57 MevV

U - 1.66 to 1.87 MeV (downward and upward
looking system)

T - 2.41 to 2.81 MevV

Cosmic - 3 to 6 MeV (downward and upward

looking system)
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DATA PROCESSING FLOW DIAGRAM
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Aircraft and Cosmic background for boeth the Fixed Wing
and Rotary Wing Aircrafts over these windows described
above are summarized below:

Fixed Wing Aircraft

S2F S2F SeF
0CT 77 NOV 77 1978
Aircraft Cosmic* Aircraft Cosmic* Aircraft Cosmic*
TC (cps) 638.35 3.358 383.62 2.882 212.04 3.115
K {(cps) 32.03 0.188 31.39 0.164 22.83 0.177
Udn(cps) 33.76 0.154 17.97 0.134 8.90 0.145
Uup(cps) 3.22 0.148 3.30 0.150 1.75 0.152
T (cps) 8.76 0.148 8.50 0.184 7.76 0.18¢9
Rotary Wing Aircraft
LAMA LAMA
1977 1978
Aircraft Cosmic#* Aircratft Cosmic*
TC (cps) 141.17 3.245 150.83 3.023
K (cps) 14.54 0.181 19.10 C.165
Udn (cps) b .36 0.57 5.06 0.1742
Uup (cps? 0.60 0.119 0.36 0.114
T (cps? 4.29 0.213 4.25 0.191
*Cosmic background values are in cps per 1.0 cps in the

3-6 MeV windo

Compton

W

following constants:

SZF
OCT 77
5 0.833
Ky
Skt 0.1390

S2F S2F
NOV 77 1978
0.833 0.8613
0.390 0.1588
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LAMA
1977

0.826

0.174

corrections to the down data were made using the

LAMA
1978

0.8165

0.1815



SUt 0.2935 0.29350 0.29854 0.2716 0.2838

S 0.0 0.0 0.0 0.0 0.0

uk

Stn 0.0753 0.0753 0.05312 0.0613 0.06926
Stk 0.0 0.0 0.0 0.0 0.0

. . ) .th
where the subscripts ij represent the influence of the j

channel on the ith cthannel.

ALL parameters except for Su are considered constants.
Syt was considered an altitude dependent parameter utili-
zing the following expression (after Grasty).

) = 5 + 0.0076h, where h is the altitude in
ut ut

o hundreds of feet.

Altitude attenuation coefficients used are defined as
follows:

ALTITUDE ATTENUATION COEFFICIENTS

S2F SZ2F SZF LAMA LAMA
0CT 77 NOV 77 1978 1977 1978
“TC (per foot) .001756 .002021 .0022065 .002065 .002129

HK  (per foot) .002754 .002771 .003001 .002859 .002897
MU (per foot) .002510 0.02560 .002710 .002600 .002640
“T  (per foot) .002089 .002157 .002274 .002163 .002198
ALl radicometric data presented in the strip charts have

been normalized to 400 feet mean terrain clearance at
STP using the expressﬁon

where h is the height in feetr, ui is the appropriate
altitude attenuation coefficientr P is mm of Hg and T is
in degrees Kelvin. In cases where the altitude exceeds
1000 feets the correction coefficients were Limited to
the 1000 foot value.

Bi Air calculations are made using the following expression:
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U - % (R + = R+ R )
ts
up us C'uu ks c
uu
Bi, . =
Air
m _ 2
Where U = count rate from upward detectors
u
L = ¢crystal coupling constant
m = ¢rystal geometric factor
1 ) 1 = he . = -
C uk , C Ut o, C " stripping coefficients relating down
data to up data
RUS = stripped uranium count rate - down system
Rk = stripped potassium count rate - down system
RtS = stripped thorium count rate - down system

]
The numerical values for the constant L, ms Cuk' and C

. uu
are given below:
S2F S2F S2F LAMA LAMA
OCT 1977 NOV 1977 1978 1977 1978
L 0.057 0.057 .0488 0.07 0.686
m 0.174 0.174 .189 0.19 0.168
C'uk 0.0 0.0 0.0 0.0 0.0
C'yu -003615 0.03615 0.03586 0.06552 0.06078

c'yr 0.01868 0.07868 0.01687 0.02046 0.062081

Ha -.000039 -.000039 -.0000233 -.000039 -.000041
" -.0000305 -.0000305 -.000034 -.0000305 -.000014
ug & Mp are used as follows: & = &= p,x hs where h is in
feet
m = m ~ u x hr where h is 1in
m
feet

These Bi Air data are filtered and the filtered results
are then removeds on a point basisr, from the cocrrected
uranium window data.
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JAGNETIC DATA REDUCTION

The magnetic data reduction processes are correction for
diurnal variation, tieing to a common magnetic datums

and subtraction of the regional magnetic field as defined
by the International Geomagnetic Reference Field (IGRF).
During data acquistions the magnetic field is monitored
by a diurnal ground-based magnetometer that samples every
four seconds at a sensitivity of one-quarter gamma.

These data are recorded on magnetic tape along with the
time for synchronization with the airborne data.

The diurnal data are edited to keep only those readings
taken during flight time and to remove spikes and manmade
magnetic events. After edition, these data are displayed
in profile form to ensure that all corrections necessary
have been made. Nextr the data are synchronized in time
with the airborne datar interpolatedr, and subtracted from
the airborne magnetic data.

The diurnally corrected magnetic data are then processed

by a tieing program that compares the magnetic differences
at intersections of flight lines and tie lines. This
program calculates individual magnetic field biases for
each flight tie line based on tie line intersections. This
allows miss=ties to be minimized throughout the survey. These
biases usually represents, after diurnal corrections, sys-
tematic magnetic changes caused by such things as heading
errorsr changes in location of the ground-based magneto-
meters, or changes in the airborne eqguipment. The biases
are manually evaluated and selectively applied.

The 1975 IGRF (updated to the survey date) is subtracted
from the diurnally corrected, tied magnetic data yielding

the reported residual magnetic field.

STATISTICAL ANALYSIS

The results of the data processing phase are single re-
corded samples (1.0 second interval). These data are then
evaluated for statistical adequacy prior to attitude corr-
ection to ensure they are significant within the context
of the anticipated errors in count statistics. The stat-
istical adequacy test is made to determine whether the
corrected sample is sufficiently greater than the 'noise”
tg represent the "signal' of interest.

Statistical Adeguacy Test

We can define threg separate criteria for detection thres-
holds (ref. Curries Analytical Chemistry., Volume 40, No. 3.
March 1948) of which only on2 is directly applicable to
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our case; this is the critical Llevel. The critical level
is that level at which the decision is made that a signal
is "detected". We thus define this critical level as that
level at which the data are statistically adequate.

Setting the actual Levels in counts per seconds, "a priori',
for each elemental window is difficult at best since the
full effect of all parameters affecting the counts is not
known to a sufficient degree of certainty. If the corrections
to the data are a significant portion of the count rater
most of the error (exclusive of systematic errors due to
electronicss etc.) in the corrected data can be ascribed

to random errors within the applied corrections. The
corrections are basijcally the results of counting radio-
active decay products (gamma rays) and are therefore assumed
to follow the classical Poisson distribtuion. The following
assumptions concerning these corrections are:

. In the best caser the error in each correction is
additive-

2. The sum of these corrections also follows a Poisson
distribution.

3. The uncertainty in the correction itself, is equat
to the square root of the correction applied.

L., This uncertainty is directly reflected in the cor-
rected single record count rate.

With these assumptions in mind, the criterion for deter=

mining the statistical adequacy of a given data sample may
be defined as follows:

"Tf a corrected single record data sample exceeds 1.5
times the square root of the summed correction applied
to that data sample, then that data sample is Sta~

tistically adequate.”

Since any calculation using statistically inadequate data
(such as ratios) is also inadeguater tne adeguacy of e2ach
element of the single sample record data is tested prior
to its determination. This is done during the course of
the processing by retaining all corrections applied to
each data sample and determining its adeguacy as explained
above.

Not onty ares the results of this statistical adequacy
+act used to dinsure that calculated ratiocs will be mzan-



ingful (in terms of statistical adequacy)s, but they are
also utilized to determine the optimum interval over which
the data should be averaged (e.g. 5 seconds or 7 secondss
etc.) in order to reduce the number of statistically inade-
quate samples. In the case of this project, the resulting
averaging sample interval was 7 seconds. This resulted in
98% or better of the uranium data to be statistically
adequater exclusive of those data which were outside of
altitude specifications (the overall altitude specifica-
tion was maintained at the 98% level) and excluding the
known water saturated formations and water bodies.

Hypothesis Testing

For this proctessing it is assumed that correlations be-
tween radiometric parameters {(count rates of total counts
Kre Ur Ts and their ratios and corresponding geology) can

be described by normal (Gaussian) and/or log normal dis-
tributions. The data are treated in a standardized manners
described belcow.

ALl data (Ks Usr T, ard three ratios) are sorted in accord-
ance with geographic location and related geologic unit.
They are then grouped such that each of the formations is
represented by a distribution of count rates and ratios.

A modified Chi Square testing scheme is utilized to eval-
uate the following two hypotheses:

1. The count rate distribution for a specified for-
mation can be best represented by a normal dis-
tribution.

or

2. The count rate distribution for a specified forma-
tion can be best represented by a lLog normal dis-
tribution.

In addition to the Chi Sguare Testr, all geological units
are plotted as histograms and compared with the results
of the hypothesis testing to clarify any ambiguities.
Each radiometric parameter for a given geologic formation
is then classified as either a normal or Log normal dis-
tribution. The measure of central tendency and disper-
sion for each of these distributions are then utilized

ag a basis for determining which data are anomalous with-
in a given unit. A sample of such a histegram distribu-
tionis presented in Figure 14.
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GEOCHEMICAL ANALYSIS

The reguired "geochemical analysis'" under this project had
as its objective - "to establish geochemical units for
comparison with mapped surface geologic units for gamma

ray statistical analysis and interpretation purposes'.
Since any effective method of interpretation of radiometric
data involves consideration of multiple populations of
datar the following described process was applied to data
from all of the quadrangles inveolved inm the project.

This gecchemical analysis comprised two separate processes.
The first involved examination of each geologic formation's
histograms for clearly polymodal distributions in the K

U, and T populations. If found to be polymodal, and if
sampkes comprising each mode were spatially coherent, then
the unit was broken into subunits and inccrporated into

the Uranium Anomaly/Interpretation Map. If however, the
samples were randomly dispersed throughout the quadranglers
the formation in which they occurred was not subdivided

and was treated in the normal fashion.

The seccnd process in the gecchemical analysis involved

the generation of principal compecnents for each formation
within the aguadrangle. Tre yariables uvsed were Ky Us and

T which resulted in three (3) compecnents per unit.

Principal components were examined for similarities and/or
differences amongst the rock units. A discussion of
similarities and/or discrepancies observaeds, as well as
possible causess has been incorporated into the interpretation
of individual quadrnagles. Additionallys, tabulated principal
component results have been enclosed in each quadrangle's
statistical appendix at the end of this report.

Principal component analysis has been used extensively in
the sciences for many years. Good references are;

J.C. Davise, 1973; the extensive and comprehensive series of
statistical programs written at the University of Kansas
edited by F. Merriam; and Multivariate Data Analysis by
Cooley and Lohness, 1971.

Principal component analysis is not a statistical procedure
per ses that isr, no assumptions about & variable's
distribution or sampling are necessary to ensure useful
results other than a sufficient number of samples (Reference
Trochimczyk & Chayes, 1977, 1978) as is reguired for

factor analysis. In principal component analysis the
primary interest is in determining whether some small

number of components account for most of the variance while
the remaining components account for only small amounts of

I~
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variance (which can often be due to idiosyncratic variations
in individual variables).

In the principal component matrix, the eignevalues
associated with each component represent the amount of
total variance accounted for by the factor. Therefores

the importance of a component may be evaluated by examining
the proportion of the total variance accounted for:

Proportion of total variance accounted for by component

. .th
where X, represents the ejgenvalue of the i~— component
and n represents the number of variables in the set.

In order to compute the principal components for each
formation, all dindividual samples of three variables.

K Ur and T were normalized - that iss, the individual
variable's count rate minus its arithmetic mean was divided
by its standard deviation prior to the generation cf the
correction matrix. This standardizatiocn has the advantage
of allowing the use of measurements that are orders of
magnitude different in absolute value by making thenm
numerically equivalent. The normalized data were then
input to a program to generate the correlation matricess
one per formation. Each corretation matrix is then input
to the principal component program which computes: the
three principal components; the percentage of total variance
accounted for by each component and the correlation between
each variable and that particular principal component.
These data are included in the statistical appendices for
each quadrangle.

In correlating ground data (geochemical, mineralogical,
etc.) with results obtained from the above described
process it must be remembered what an individual airborne
gamma ray sample physically measures. Firsts the
terrestrial component of the gamma ray radiation measured
by the airborne detector emanated primarily from the upper
18 inches of material on the earth's surface {(Gregory &
Horwood, 1961). The adirborne measurement cannot "see"

any deeper intc the underlying rock material, and is
essentially a measurement of the soil or exposed rock
(weathered) radijocactivity. Secondly, since each ajirborne
sample is an accumulation of occurrences measured on a3
moving ptatform over a fixed period of timer, the individual
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samplke represents a large areal extent of surficially
exposed materijal. For this survey with specifications

of 400 feet mean terrain clearance and an average ground
speed.of 147 miles per hour, a single sample roughly
corresponds to an oval approximately 800 feet long by

600 feet wide (assuming an infiniter, uniformily distributed
source). Therefore, correlations of ppm measured on the
ground and airborne measurements must be carefully considered
in view of the large volume of material actually being
measured. Accordingly, the principal components of a given
formation represent tremendous volumes of surficiatl
materials and must be considered as being such in the
interpretation.
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DATA PRESENTATION

GENERAL

Several forms of data presentation are contained in

this report. These include the uranium anomaly/interpre-

tation maps and pseudo-contour maps of potassiums uraniumes
thoriums, and magnetic data. These are  integrated as part

of the text in the interpretation section. In addition to

these datar Volume II contains data presented in the fornm

of radiometric profiles, flight path recovery mapss, anomaly
maps, and histograms. Microfiche data are ccntained in

Appendix I of this volume. Data tapes are available separately.

RADIOMETRIC PROFILES

Stacked profiles were prepared from the averaged data for
each traverse and tie Lline. These stacked profiles, plotted
at a linear scate of 1:250,000, contain the following para-
meters: corrected Total Counts corrected Potassiums, corrected
Uranium, corrected Thoriums U/TH, U/K-, and TH/K ratios, Bi
Airs, radar altimeter, and magnetcmeter data. Each of the
stacked profile sheets contains a plot of the flight path
superimposed on a geologic strip over which the aircraft
flew. Included along these profiles are the fiducial numkers
which correspond to flight path position as displayed on the
flight path recovery maps. Each of the stacked profiles
represents the data contained on the specific flight Lline
within the boundaries of the specified NTMS Quadrangle sheet.

Radiometric traces on the stacked profiles contain an ind-
icator showing those data which are statistically inade-
quate. These statistically inadequate data are marked by
a small vertical tick at the sample location. The alti-
tude profile has been limited in display to 1000 feet. A
dashed Line at the 700 foot level is presented to show
those data which do not meet the altitude specifications.
The vertical scale of each variable remains constant on
all stacked profiles. When overranging occurss, the trace
is stepped and the step labeled showing the actual value.
A pictorial representation of such a stepping profile is
shown -in Figure 15. At the end of each stacked profile, a
statistical summary of the minimum value, maximum value,

mean, and standard deviation for that variable is present-
ed.

Contained in Volume II of this report are an eguivalent
set of stacked profiles for each gqguadrangle, photograph-
ically reduced to Aan apnroximate scatle of 1:500.,000.
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MAGNETIC PROFILES

A set of profiles containing the magnetic data (corrected.,
with IGRF removed), barometric altimeter datar radar altimeter
datas diurnal monitor datar and temperature data are presented
at a linear scale of 1:250,000. Each of the stacked profiles
contains a plot of the flight path superimposed on the geology
over which the azircraft flow. Reduced scale, 1:500,000

copies of these are presented in Volume II of this report.

FLIGHT PATH MAPS

For each of the NTMS qguadrangle sheets covered by this
surveys, a flight path position map is presented at a scale
of 1:250,000. The actual flight path has been superimpos-
ed on the geologic quadrangle maps. Flight Llines and tie
lines are annotated along with fiducial numbers of located
nositions. Reduced scale, 1:500,000, copies of these can
be found in Volume II of this report.

ANOMALY MAPS

Gamma ray ancomaly maps have been prepared for each NTMS
gquadrangle included in this survey. The six anomaly maps
generated represent the following parameters: potassiumes
uraniums thoriums, and U/TH, U/K and TH/K ratios. The data
contained in each map represent only those data which are
considered statistically adeqguate. This automatically ex-
cludes all data collected over water or data which falls
outside of altitude specifications {(i.e., altitude greater
than 700 and Lless than 200 feet). The symbolism on each
of the six maps is identical. A circle represents every
seventh data point since the data had been averaged over a
7 second interval. The small boxes adjacent to each of
the circles represents one standard deviation from the
mean for that specific data sample. In order to determine
whether the data shown are represented by positive or
negative standard deviations, consider each map

with north pointing away from the viewer. For east/west
lines (traverse lines) positive standard deviations Llie
above or tc the north of the traverse line with negative
standard deviation below or to the south. On the north/
south Lines (tie Lines) positive standard deviations are
to the Left of the viewer or to the west, with negative
standard deviations to the right cor to the east.

These maps were generated at a scale of 1:250,000 for
each NTMS sheet,
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In additions these ancmaly maps are presented in

Volume Il of this report as a reduced scale of approx-
imately 1:500,000.

HISTOGRAMS

Computer generated histogramss showing the count rate
distributien for each of the six gamma ray parameters
measured and calculated as a fuction of geologic format-
ions are presented in Volume II of this report. Informat-
ion contained on these histograms includes the distribut-
ions the standard deviation as calculated about the means
and the total number of samples from which the distribut-
ion was derived.

DATA LISTINGS

Single record reduced and averaged record (statistical
analysis) data listings have been prepared on microfiche.
The microfiche are contained in Volume I of this report
as Appendix I. Each of the single record and averaged
record dats Listings are presented for the data contain-
ed in a8 single qguadrangle. The data contained in the
single record data listings are summarized below:

1. Fiducial number.

2. Quality - this defines the results of statistical
adeguacy testing for altituder potassiums, uraniumes
and thorium. A value of 0 indicated that the data
are statistically adeguate. A value of 1 indicates
that the data are statistically inadeguate. Data
coltected in excess of 700 feet and less than 200 feet
are considered statistically inadeguate.

2., Time - time presented in hours, minutes, and seconds.

4. Altitude - altitude presented in feet above terrain.

5. LAT/LONG =~ latitude and longitude presented in terms
of decimal degrees.

6. Magnetic field expressed in residual gammas.
7. Geology ~ ccde representing geologic units.
8. K,U,T - count rate of correctsd K, U, T data.

9. U/TH» U/Kr TH/X - calculatecd ratios cof the varies
parameters.
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10. Total ccunt - corrected total count data (0.4 to 3.0
MeV).

11. (€O0S - downward looking cosmic count rate in the 3-6
MeV channel.

12. Uair - atmospheric Bi-214 count rate.

13. Temperature - outside air temperature in degrees
centigrade.

14. Press - barometric pressure in inches of mercury.

The averaged record {(statistical analysis) data Llistings
are summarized below:

1. Fiducial number

2. Quality - this defines the results of statistical
adequacy testing for altituder potassiums, uraniumes
and theorium. A value of O indicates the data are
statistically adequate. A value of 1 indicates that
the dats are statistically inadequate.

3. LAT/LONG - latitude and longitude presented in terms
of decimal degrees.

4. Magnetic field expressed in residual gammas.
5. Geology - code representing geologic formations.

6. Kr Ur T - count rate of corrected Ks, U, T data and
the number of (+) standard deviaticns from the mean.

7. U/TH, U/Ks, Th/K - calculated ratios of the varicus

parameters, and the number of (*)standard deviations
from the mean.

8. Total Ccunt - corrected total count data (0.4 to 3.0
MeV).

. 0SS - cdownward looking cosmic count rate in the 3-6
MeV channel.

10. Uair - simospheric Bi-214 count rate.

DATA TAPES

Data tape files have bean generated for each of the 1:
250,000 NTMS aquadrangle sheets. The tapes are IBM com-
patible and recorded on 9 track EBCDIC at 800 bgi. Four
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separate sets of data tapes are presented: raw spectral
data tapes; single record reduced data tapes; statistical
analysis tapes,; and magnetic data tapes. Detailed des-
criptions of the data tape formats are presented 1in

Appendix G.
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DATA INTERPRETATION

METHODOLOGY

The stated objective of the NURE Program is evaluation of
the uranium potential of the United States. In support of
this goal, high sensitivity airborne-radiometric and
magnetic surveys have been implemented to obtain
reconnaissance information pertaining to regional
distribution of uvuraniferous materials.

Within this context, data interpretation has been orjented
toward gross regional detection and description of
anomalously high concentrations of uranium. To accomplish
this, the profile data were Located by geologic units f{as
described previously), histograms were produced and,
"geochemical' and statistical analysis performed. The
histogram/distribution of each variable for each geologic
type was examined to determine its central tendency or most
frequently observed count rate for that variable over that
particultar geologic unit. No Chi Sguare tests were performed
on units having less than 20 statistically adequate samples.
For some units the best estimate of central tendency for a
particular variable was the median and not the arithmetic
mean. The lower mode was used as the measure of central
tendency for polymodal distributions. Each seventh sample
from the averaged data was plotted with its corresponding
standard deviation on the anmomaly map for each variable.

Minimum reguirements in the subsequent interpretation for a
valid uranium anomaly are defined as follows:

1. Two (2) consecutive averaged U samples lying two or
more standard deviations above the mean; or, three
consecutive averaged Bigjy samples, two of which
are one (1) or more standard deviations and the
third of which is two {2) or more standard
deviations above the mean.

2. Two (2) consecutive averaged U/T ratios which are
one (1) or nmore standard deviations above the mean.

2. The U/T ratio defined in (2) must have a corresponding
thorium value Lying at least greater than minus one
standard deviation below the mean. If the thorium
sample is less than one standard deviation belgow the
means, the U/T ratic is considered questionable.
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Statistical anomalies which meet the above criteria can
result from several factors or circumstances including:

(1) True concentration of radioactive minerals, (2)
differential surface cover (soils and/or vegetation) within
a Lithologic unit, (3) Processes concentrating uranium or
thorium within soils (i.e.; aeolian sands, caliche, etc.),
(4) Extreme facies variation within a mapped unit, (5)
etfects of variable weathering of different rocks within a
mapped unit, and (6) discrepancies between actual outcrops
and what has been mapped.

The potassium, thorium, uranium, residual magnetic, and
altitude channels were each plotted as a pscudo-contour map
and overlain on the geologic map and corresponding
statistical anomaly map. General trends and average
counting rates could thus be easily and quickly determined
and compared with the associated geoclogicals magnetic., and
statistical trends. Only the long variations within each
variable would show any continuity from Lline to Line (on a
wide Lline spacing); thus, only regional trends will

appear on these maps. By overlaying each map on the
altimeter map, areas of questionable altitude were

immediately discarded from further interpretation (e.g.,
refer to Figures 17, 18, 19 and 20).

Each quadrangle's stacked profiles were cverlaid on the
corresponding geolegic and anomaly maps to further
delineate trends and to allow a more detailed analysis of
individual anomalies. Since the interpretation was
concentrated on detection of ancomalous wuranium, subtle
surficial trends as reflected in the gamma ray profiles
were only examined in a cursory manner, Even during such a
cursory examination of the profiles it was clearly
indicated that the spectrometer system was highly sensitive
to changes in gross surface composition (even in areas of
tow counting rates). Thus radiometrics have a real
potential for performing general surficial
mapping/"geochemical anatysis" on a geologic formation (or
soils) basis in addition to merely radicactive mineral
"apnomaly hunting'.

Mean values of percent potassium (%K), equivalent uranium
{eU), and equivalent thorium (eT) dincorporated into the text
are pased on the radiometric systems sensitivity as defined
ny calibrations on the DoE's Lake Mead Dynamic Test Range.
Normalized eqguivalent sensitivities at 400 feet altitude are:
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Equivalent

Radioelement Percent / PPm Counts/Second
K 1% K 0.0
U 1 ppm el 9.6
T 1 ppm eT 5.4

The anomaly tables included with each quadrangle's
interpretation discussion list onmly the urainum anomaly map
samples comprising the anomaly. On these tables, an
anomaly is described as being either a U or U/T anomaly.
The "U/T" designation implies at least one supporting U/T
ratio is two (2) or more standard deviations above the
mean. "U" only implies the U/T supporting ratios only meet
minimum regquirements.
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ROCK SPRINGS QUADRANGLE

The geologic map on which the statistical analysis and
interpretation were based was provided by DcE/BFEC.
Formation descriptions included in Appendix A were
derived primarily from the Geologic Atlas of the

Rocky Mountains (19723,

bominant regional structural features within the
quadrangle are the north-south trending Rock Springs
Uplift, an anticlinal feature with a central core of
Cretaceous sediments, occupying the central third of the
quadrangle and three major Tertiary basins; the Green River
to the west, and the Red Desert and Washakie to the east.
A small anticlinal feature, the Wamsutter Arch, trending
westwardly towards the Uplift, separates the Red Desert
Basin from the Washakie Basin. A series of east-
northeasterly trending faults occur within the northern
third of the uplift within the Cretacecus sediments.

Guaternary sediments comprise 20% of the total surface area
within the quadrangle. Minor undifferentiated Tertiary
Volcanics (Tvu), generally consisting of alkalic extrusive
and intrusive rock, occur inm the northern most extent of
the Rock Springs Uplift. Tertiary sediments of Eocene age
dominate the guadrangle (about 60% of exposed material).
The Paleocene Fort Unien Formation and {retaceous sediments
comprise the bulk of the remaining 20%.

The Wasatchs, Green River, Bridger and Washakie Formations

are dominantly continental and lacustrine sediments. Each

of these formations exhibit great interformation variability.
The Green River Formation was deposited in ancient Lake Gosiute
and contain the majority of the known oil shale reserves in

the U.S.A. Tne Cretaceous units (e.g. Lancer Fox Hills/Lewis,
Almonds Ericsons, Rock Springs. Blairs, and Baxter Formations)
are representative of complicated, short period/high energyr
oscillating marine to continental, paludals and lacustrine
environments. 1In ceneral, the intermontane basin sedimentation
Wwithin the area becomes mcre pronounced and shifts zaway from
marine influence after Cretaceous times. Much of the intra-
formational facies descriptions available have been derived
from extensive subsurface studies (loggings drillhols, seismic
surveyss etc.) conducted for oil and gas exploration within

the Tertiary basins. The outcrop mé&p is deceptively simple

in comparison to results of such work.
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Both Cretaceous and Tertiary sequences present within the
quadrangle contain complex lithologic relations resulting
from shifting depositional conditions brought about by
complex structural uplift and subsidence during the
Laramide Orogeny. As a result of these conditions,
formational characteristics may differ from basin to basin.
This implies a potential for significant statistical
variability of radiometric data within the formations.

Although no Precambrian rocks occur within the gquadrangle,
large exposures Llie to the north and south in the Wind
River and Uinta Mountains.

In general, Love (1960) and Denson (1964) provide a
thorough treatment of Wyoming Miocene and Pliocene
sediments, with special treatment of the uranmiferous Browns
Park formation by Buffler (1967). The Eocene has been
extensively studied by such investigators as Cashion
(1967), Bradley (1964), Roehler (1969), and Oriel (19623,
Love (1961) has synthesized Cenozoic sediments and
structural mobility. A number of investigators such as
Waage (1967), Weimer (1960), and McCubbin and B8rady (1969)
have worked on Cretaceous environments in attempts to
unravel the interrelation between units and paleo-
environments.

Known uranium occurrences are restricted to the northeast
corner of the quadrangle (refer to Figure 3} in the
uraniferous cocal deposits of the Red Desert Basin {(Masursky
and Pipiringos, 1959) and in some Eocene phosphatic
sediments (Love, 19613,

Interpretation, Discussion, and Results

The resulting uranium anomaly/interpretation map is
displaved in Figure 16 . Anomalies depicted on this map are
summarized in Table 1 . Figures 17 through 20 present
pseudo-contour maps of K, U, T and magnetics utilized for
regional evaluation. General Llithologic unit descriptions
are presented in Appendix A . Statistical tables for these
units, citing type of distribution, measure of central
tendency, standard deviation, and principal component
results are given in Appendix C

In general, the Cretaceous units have lower counting rates
thanm Tertiary units. This relationship can be seen an the
potassium pseudo-contour map, especially over Cretaceous

units flanking the eastern edge of the Rock Springs Uplift.
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TABLE 1

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Anomaly Line Rock Number of Samples with Defined o*
Number Type Number Type 0 1 2 3 4 5 6 7 8

1 us/T 212 Tbp & 3

2 U 212 Twrs Tbp 4 11 3

3 usT 212 Trg 11 0 0 1

4 u/T 213 Th 2

5 U 214 Tb 1 4

6 u/T 214 Tar 2 1

7 U 213,214,7L21 Twrs Tgr 15 13

8 U 213 Tgr 2 13

9 us/T 216 Twk 2 4 2

10 us/T 213 Twk 1 0 2

11 u 216 Tgr 4 7 1

12 us/T 215 Tb 1 3 1

13 u/s/T 215 Th 2 1 1

14 U/t 216 Tb 5 4 6 1
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Anomaly

Number Type
15 U
16 u/T
17 U
18 u/T
19 u/T
20 usT
21 ur/T
22 u/T
23 u/T
24 U
25 u
26 u/T
27 us/T
28 u/T

Line
Number

216
T19
217

217

218, T126

218

219

219

218

2138

218

220, T120

TL2Z

220

TABLE 1

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Rock
Type

Tb
Twk
Tgr
Thes Tgr
Th
Tb

Tb

Twk

Tw

Number of Samples with Defined o%*

0 1 2 3 4 5 6 7 8

1 2
2 1
2 1
5 5 2 1

19 12 2 1
2 2 1
2 0 1
2 1
2 1
2 4
3 2
2 6 3 7 1 3
2 1
1 0 0 2
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TABLE 1

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Anomaly Line Rock Number of Samples with Defined o*
Number Type Number Type 0 1 2 3 4 5 6 7 8

29 u 220 Tu 2 1

30 usT 221 Tb 3 2

31 ursT 221 Th 3 3

32 us/Tv 221 Tfu 1 1

33 U 221 Tw 1 2

24 u/T 221, 17121 Twrs Tgr 11 10 2

35 ur/T 221 Twk 1 7 2 3

36 usT 222 Tgr 2 1

37 usT 222 Tw 2 1

38 u/T 222 Tb 2 1

39 u/T TL22 Ke 1 0 0 0 1

40 u/T TL23 Kba 3 2

41 U 2138 Tb 2 1

42 U 226 KL 1 4 2 2
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Anomaly

Number Type
43 u/T
44 u/T
45 U
46 u/T
47 u/T
48 u
49 us/T
50 u/T
51 u/T
52 U
53 u
54 u
55 u/T

Line
Number

226
227
228
TLZ2Z2
229
230
230
TL23
231
232
233
234

216

TABLE 1

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Rock Number of Sampltes with Defined o*
Type 0 1 2 3 4 5 6 7
Kbl 3 0 1

KL 3 1 6 2

KL 2 1

KL 2 5 3 1

Ke 1 0 0 1

KL 2 3

Ke 2

Ke 2 1

Tw/G 2 3 0 1

Tfu/TVU 2 3 0 1

Tb 1 2 1 1

Tw/Tgr 7 3 6 3 1 0 0 0
Tb 1 1

8
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Anomaly Line
Number Type Number
56 u TL26
57 U 218
58 U TL22
59 U 234, 233

60 U 214
61 u’/v TL19
62 U 215
63 T 233
64 T 232
65 T 232
66 T 231

TABL

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Rock
Type

Th
Tgr
Kat

G, T

Tgr-
Tgr

Twr

*Reflect only U channel except 63-66.

E 1

W

Thp

Tbss

Number of Samples with Defined o*

0 1 2 3 4 5 6 I4 8
1 2
2 1
3 0 1
2 6 14 5 7 3 1 3
1
2
2 1
3 3 1 2 1
1
2 2 4
1 2 1 1
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Figure 17
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Figure 18
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Figure 19
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The uranium pseudo-contour map displays broad areas of
relative highs in the southeastern and southwestern
portions of the guadrangle. These correspond approximately
to the southern portions of the Washakie Basin, Red Creek
Syncline and Green River Basin. 1In the Washakie, the
radiometric pattern consists of a series of highs which, in
general, correspond to the basin margins as defined by
exposed Wasatch and Washakie formations. A similar pattern
of statistical anomalies is clearly present on the
statistical anaomaly map. Both thorium and uranium
pseudo-contour maps exhibit broad lows which trend through
the axis of the Rock Springs Uplift.

In the western one-third of the quadrangle, the uranium
pseudo-contour map highlights the Green River Basin/Rock
Springs Uplift boundary. MWithin the Green River Basin,
high count rates and statistical anomalies cluster within
the southern portion of the Bridger Formation. This
concentration of high count rates and anomalies may be
related to exposed Precambrian rocks of the Uinta Uplift
which occur to the south of the quadrangte. With the
exception of Table Mountains, the minor volcanic
extrusives and intrusives are not in evidence on the
pseudoc-contour maps.

The Uranium Anomaly/Interpretation map exhibits 62 Uranium
and 4 Thorium anomalies which remain after screening for
relative thorium depletion, U/T ratio values, water/marsh
relationships, and proximity to cultural features. In
certain cases the statistical anomalies do not meet all the
specified criteria (particularly the U/T ratioc) but were
included due to high count rates and/or high standard
deviations on the uranium channel (e.g., anomaly 59).

Anomaly 59 is the largest and most extensive uranium

and thorium anomaly at 120 cps (12 ppm eU). Its

occurrence over Quaternary material probably indicates
extensive incorporation of the underlying Tertiary Wasatch
and Battle Springs formations. The Red Desert basin, where
this anomaly occurs, is noted for the presence of
uraniferous coals (Masursky and Pipiringos, 1957).

Anomalies 1, 2, 7-11, 16, 17, 24 - 28, and 33 - 37

aocecur in an oval pattern within the Washakie basin in

the Eocene Wasatch, Green River, and Washakie Formations.
These anomalies generally occur in mitd to moderate badland
topography wherein outcrop exposures may be related to
abserved anomalies. Anomaly 26 is one of the strongest
(106 to 109 cps or minimum 10 ppm eU) within the gquadrangle
and has a very strong associated U/T anomaly. Similartly,
anomaly 35 at 91 c¢cps (9 ppm eU) has one of the highest U/T

ratios.
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A cluster of anomalies (4, 5, 11 - 15, 18 - 21»,

23, 55, and 56) occur within the Bridger Formation in
the Green River Basin at the southwestern corner of the
quadrangle. Most of these anomalies appear related to
local high topographic features within the badland
topography. In general, these anomalies have a lesser
amplitude, but, are as broad as those occurring in the
Washakie Basin. The highest count rate exhibited by this
group occurs at anomaly 19 (70.9 cps or 7 ppm eUd). Many
of the anomaties (5, 13, 14, 19, and 18} may be
structurally controlled.

Anomaly 54, at Steamboat Mountain, has a maximum value of
95 ¢cps (or 9.5 ppm ed). It occurs in Green River and
Wasatch Formations but is adjacent to volcanics (Tvul.
This ancmaly may be the result of the volcanics providing
surficial detritus to the surrounding area.

Anomalies (39, 42 - 50, 52, and 54) form a group

which are coincident wWwith the northeast flank of the Rock
Springs Uplift. These anomalies occur mostly within
Cretaceous sediments (Lance and Erickson Fformations).
Within this group, the highest count rate is exhibited by
anomaly 39 (103 cps or 10 ppm elU). This anomaly occurs
within the Erickson and Almond Formations., Examination of
the 35mm flight recovery film indicates the anomaly
corresponds to a group of buildings and cultivated fields.
The association with agricultural activity makes the
anomaly suspect, but, no potassium anomaly is present as
might be expected if a large quantity of fertilizer had
been freshly applied. It is possible that farming activity
has exposed underlying soil which is more indicative of the
underlying sediments. '

The magnetic pseudo-contour map generally reflects the
mapped geology. Within the central portion of the
quadrangle, an area of high amplitude, short wavelength
anomalies (Rock Springs UplLift) separate two zones of Llow
amplitude, very long wavelength response (Green River Basin
to the west and the Washakie and Red Desert Basins on the
east).

Three inferred faults within the magnetic basement strike
northwesterly across the Rock Springs Uplift and are
coincident with a mapped change in the strike of the axis
of the uplift. The northern-most inferred fault appears
spatially related to the cluster of uranium anomalies
occurring on the northeast flank of the Rock Springs
Uptift. The mapped Wamsutter Arch coincides approximately
with a Linear offset in the magnetic gradient as 1t
approaches the Rock Springs Uplift from the east.
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The weak, shorter wavelength anomalies to the south within
the Washakie Basin, occur approximately centered in the
oval cluster of uranium anomalies. This suggest that the
magnetic basement may be relatively shallow. What
influence, if any, this has with the overlying sediments is
completely unknown.

The triangular shaped cluster of uranium anomalies in the
southwest corner of the quadrangle terminates on an
inferred magnetic basement feature. This feature occurs at
the southwest end of a series of high applitude magnetic
anomalies which trend to the northeast across the north-
south striking Rock Springs Anticline. The western edge of
these northeast trending magnetic¢ highs may mark a fault,
dipping down towards the deeper portion of the Green

River Basin to the west. The area of South Table Mountain
(Location of anomaly 52) is also the location of a
relatively steep magnetic gradient interpreted to be a
relative magnetic basement high (refer to magnetic gpseudo-
contour map)J.

Geochemical Analysis Results

None of the K, U, and T histograms for the quadrangle's
geologic units are sufficiently polymodal to warrant
subdividing existing units (Refer to Histograms in Vol.2).
Two of the Tertiary units, the Bridger and Wasatch
formations, however, contain subunits which are separable
on the profiles and pseudo-contour maps. The northern half
of the Bridger has Lower overall uranium count rates than
does the southern portion. This 1is perhaps due to
mantling by soil. Exposures of the Wasatch in The Red
besert differ greatly in the uranium and thorium channels
from occurrences elsewhere in the guadrangle. This is due
to uraniferous subituminous c¢oal in the area (Masursky,
Pipiringos, 1959).

Principal component analysis revealed that: the first two
components generally account for 830-90% of the total
variance of the data; the first component generally
correlates with potassium and thorium; the second component
generally correlates with uranium. Three formations, Q
(undifferentiated Quaternary), Tw (Tertiary Wasatch), and
Kr (Cretacecus Rock Springs) differ from this in that their
first components correlated with uranium and thorium and
the second with potassium. (Refer to Appendix (). An
attempt was made to discover the underlying cause(s) of the
principal component results by comparing them with, (1)
mean count rates per channel per formation, (2} available
formation descriptions, (3) number of valid statistical
anomalies, and (4 geographic location.
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Two of the units whose first components correlated with
uranium and thorium and whose second correlated with
potassium, the Rock Springs and Wasatch Formationss are
nowhere in contact with each other and differ in age by
30 million years. Their respective mean count rates per
channel are different; the Tertiary (Wasatch) being greater
than the Cretaceous {(Reck Springs). The Rock Springs
formation contains no uranium anomaliess whereas the
Wasatch contains 14. The Wasatch is.described as a

red bed of mixed fluvials, alluvial, peidmont, and paludal
sediments while the Rock Springs is a coarser arkosic
sandstone.

Comparison of the Wasatch with the Eocene Bridger Formations
TB» {(which has components in agreement with the previouslLy
described general results) shows, (1) almost identical mean
counting rates for the three radiometric channelss,

(2) Wasatch has 18 uranium anomalies versus 14 within the
Bridgerr, and (3) the Bridger is a varicclored siltstone

with interbedded volcanic ash layers while the Wasatch is

a cgarsers clastic redbed sequence.

The Cretaceous Blair Formation, KBL, which is in contact

with the Rock Springss, has almost identical mean count rates
as does the Rock Springs; and has one uranium anomaly compared
to none for Rock Springs Formation. Each was an equivalent
number of samples. The Blair is described as being pre-
dominantly a2 shale compared to the arkosic sandstone of the
Rock Springs Formation.

The undifferentiazted Quaternary unit (Q) presents a different
problem. It is scattered throughout the mapr overlying (and
containing material from) formations that follow the general
rule as well as the other two formations (Tws Kr) which differ.
The Quaternary has count rates in all channels which are very
similar to both the Bridger and Wasatch formations.

The comparisons noted above have no obvious common denominator
that could Llink the principal component results to the
formations involved. Hopefully, more detailed studies would
suggest an answer to the apparent contradictions.
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RAWLINS QUADRANGLE

The geologic map upon which the interpretation and
statistical analysis were based was provided by Doe/BFEC.
It should be noted that units labeled Q1 and Tg which
occur in the northwest corner of the Rawlins Quadrangle
are not defined in the map's explanation. For purposes
of this reports, they have been defined as Lake deposits
and Green River Formation, respectively. Formation
descriptions in Appendix A were derived primarily from
the Rocky Mountain Atlas of Geology (1972).

Topography within the guadrangle varies from gently rolling
plains (at approximately 7,000 feet above sea level) to
rugged mountains with elevations upward of 11,000 feet
(Medicine Bows etc.) comprising the Continental Divide.

The area is in general semi-arid with few major bodies

of water (except for the Seminoe Reservoir northeast of

the City of Rawlins). The North Platte River flows approx-
imately through the center of the quadrangle, separating
the Sierra Madre Mountains on the west from the Medicine
Bow Mountains to the east.

Major geological structures within the area include:

(1) the large Tertiary Washakie and Great Divide Basins
in the wests (2) the northwesterly trending Rawlins.,
Sierra Madre and Medicine Bow Uplifts, (3) the Lesser
intermontane Tertiary Hanna and Carbomn Basins in the
northeast ands (&) the western edge of the Laramie Basin.

Approximately 40% of the guadrangle is mapped as Tertiary
sediments contained primarily within the major basins.
Precambrian rocks exposed in the major uplifts account

for about 15% of the total area within the quadrangle.
Mixed Quaternary sediments account for roughly 20%. The
balance of exposed rocks are mapped as Cretacecus sediments
with a few scattered outcroppings of Paleozoic rocks.

Faulting in the quadranglte includes major northwest trending
thrust faults, forming the northern and eastern boundaries

of the Precambrian uplifts, and complex normal faults which
occur within the Tertiary and Cretacecus sediments. A Llarges
northeasterly trending features the Mullen Creek - Nash Fork
Shear Zoner tuts across the southeast corner of the guadrangle.

There are several known uranium occurrences and economic
deposits within the Rawlins Quadrangle (refer to Figure 3).
Commercial uranium deposits lLie within the Poison Basins
in the southwest corner of the guadrangle (Ormond, 1957) -

76



also known as the Baggs area - and within the Miller Hill
area northeast of the Town of Baggs. These deposits are
within the Miocene Brown's Park Formation. A large district
of non-economic uranium Lies in the northwest portion of

the quadrangle, in the uraniferous coals of the Red Desert
Basin (Masursky and Pipiringos, 1959, Bregers, et at., 1955).
Within the Red Desert arear, the thickest uraniferous coal
beds occur along the transition between the Wasatch and
Green River Formations.

Scattered uranium occurrences also Llie within the Precambrian
rocks of the Sierra Madre and Medicine Bow Mountains.
{Houston, et al 1977). The location of these have been
noted on the ‘dnterpretation map. These uranium occurrences
are within guartz pebble conglomerates, such as found.within
the Deep Lake Formation in the Medicine Bow Mountains and
have been tentatively correlated with occurrences of
uraniferous conglomerates within the Sierra Madre Uplift

to the west. None of these cccurrences are of economic
grades but their similarity to the Blind River deposits

of scouthern Canada makes them of interest for further
investigation.

Interpretations Discussion and Results

The resulting uranium anomaly interpretation map is displayed
in Figure 21. Anomalies depicted on this map are summarized
in Table 2. Figures 22 through 25 represent pseudo-contour
maps of Ke Usr T and magnetics used for regional evaluation.
General Llithologic unit descriptions for the guadrangle are
given in Appendix A. Statistical tables, including principal
component resultss, for each formation (citing type of
distributions, measure of central tendencyr and standard
deviation) are given in Appendix D.

Within the Rawlins Quadrangles the areas exhibiting the
highest overall uranium count rates are the Red Desert Basin
in the northwest; the Miller Peak Area in the centrzl third
of the guadrangle, immediately north and west of the Sierra
Madre Uplift and the Poison Basin in the southwest corner

of the quadrangle. Lesser uranium highs are present both

in the north (Hanna Basin) and southeastern basin margins,
near Sheep Mountain. Formations typically having the

highest uranium tount rates 'are not the crystalline Pre-
cambrian rocks. Rathersr they are the Tertiary sediments

such as the Battle Springss, Wasatch, and Browns Park Formations.
Lowest uranium count rates generally cccur in the eastern
portion of the guadrangle, to the north of the Mullen Creek -
Mash Fork Shear Zone; perhaps due to the overlying aglacial
deposits. (Refer to Figure 23, Uranium Pseudo-contour Map.)
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Anomaly
Number Type
1 U
2 u/sT
3 u/T
4 U
5 u
6 u
7 U
8 u
9 u/t
10 u/T

11 u
12 u
13 U

Line

Numbe

234
234
234
233
233
232
232
232
232
232
231
231,

231

r

TL 18

TABLE 2

ANOMALY SUMMARY

RAWLINS QUADRANGLE

Rock
Type

al
TKF
TH
G/TW
KF
@/TBS

TBS

Q/Thbs

Qat

Tbs/Tw

Ql, Q

Number of

Samples with Defined

o*

0 1 2 3 4 5 6 7 8
1 P4 2 i
4 3 2
7 I
2 1 1
1 2
4 1 1

3
8‘ 2 1
1 3
1 2
2 1
9 3 2
4 1 1
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Anomaly

Number

14

15

16

17

18

19

20

21

22

23

24

25

26

U/T

u/T

u’/T

Line
ﬂgmber

231
230/7118
230
230
230
TL 18
229
229
229
229
228
228

228

TABLE 2

ANOMALY SUMMARY

RAWLINS QUADRANGLE

Rock
Type

Tu/Ksn
A/ Tw
G/ Tw
TBS
Kmb

Tw

Tw
Ths/Tu
Tbs/Tg
Tu

Tw
Tfu/Q

Tu/KLe

Number of Samples with Defined o*

o 1 2 3 4 5 & 7 8
12
3 8
1 4 3 1
13
2 1
1 4
42
2 3 1
11

11
2 1
L1
31



TABLE 2
ANOMALY SUMMARY

RAWLINS QUADRANGLE

L8

Anomaly Line Rock Number of Samples with Defined o*
Number Type Number Type ¢ 1 2 3 4 5 6 7 8

27 U TL 12 Tu/Kle 2

28 u/T 228 Td/Kle 3

29 U 227 Kmv 3

30 u/s/T 227 Ksn/Kfmf

31 U 227 Td 2

32 usT 226TLTA Kmv 6

33 us/T 226 Pcu

34 U 225 Kmv 2

35 U 225 Kmv 4

36 U 224/TL1S Q/Ksn 3

37 usT 224 Thp 1

38 u/T,U 224 PCi/Pcsch

39 u/sT 223/7L15 Ksn/Q 5



Anomaly

Number
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43

bt
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46
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52

53

Type

u/T

us/T
u/T
usT

us/T

u/T

u/T

u’/T

u/T

Line
Number
223

223

TL 16
221
221/7L15
221

221

TL 14
TL 14
220
220
TL 15

220

TABLE 2

ANOMALY SUMMARY

RAWLINS QUADRANGLE

Rock

Type
Q/Ksn
Q/Ksn
Kmv/Tbp
Thp
Thp
Tbhp
Tbhp
Q/Thp
Tbp
Kte
Tbhp
Thp

Tnp

of Samples with Defined o*

Number
0 1 2 3 4 5 6 7 8
2 1
1 3 1
2 1
1
6 18 2
6 4 3
2 2
1 1
1 1
2
6
1 1
2 2 1
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Anomaly

Number

54

55

56

57

58

59
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61

62

63

64

65

66

u/sT

usT

usT

us/T

u’/T
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Number
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219
219
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217
TL11
TL1O

217

216

216

TABLE 2

ANOMALY SUMMARY

Rock
Type

Pcgn

Kmv

Tbp

PCu
Pcgn/Qal
Tbp

Tbp

Pcu

Pcgn

Qal

Pcgr

Kle/Tbp

Pcgr

RAWLINS QUADRANGLE

8

Number of Samples with Defined o*
0 1 2 3 4 5 6 7

2 2

2 1

A

2 3

2

2

2 1

2 11

1 1

3 8

2 1

1 2
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Anomaly

69
70
71
72
73
74
75
76
77
78
79

80

*Roeflect

u/T

u/T

only U

Line
Number

216
215
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214

214

214

213

213
213/TL17
213

213

212

TL 16

TL 16

channel

TABLE 2

ANOMALY SUMMARY

Pcgr

Pcu/Pcg

Pcqm/Pcq

Twc/Tgl
Twe
Pcam
Tgl

Tbp
Tbhp/Twe
Pcgn
Pcu
KL/Tbp
QL

Q@/aL

RAWLINS QUADRANGLE

Number of Samples with Defined o%*

0

1

2

3

4

5

6

?

8,




RAWLINS

AR SR R I e R I R I S S O

+
*
+
*
.
+
.
*
*
.
*
.
.
*
*
+
+
+
*
.
.
*
*
*
.
3
+
+
*
*
*
+
+*
+
+
+
+
*
+
*
+
+
+
+
*
+
*
+
.
.
+
*
+
*
+
+
.
+
.
.
+
*
*
*
*
*
+
+
+
*
+
*
+
+
+
+
+
*
+
+
+
*
+
+
.
.
L]
+
+
+
+
*
*
*
+
*
+
*

EEEEEEEET 2ee eeez 222222 22222722RT]RRR CEEEEELFLLE €665 £€8 222222
CEEEEEEEE 22222222222222222222 2222222 R 2222  fEfiff  22eerze? 56§ §E€€ £11% €16 222222 § M S 9999999 G§ p € 22 VINEIT 22 EEEEEEE
£EE5E 2222222222222 222222222 22 §§1f 2227 222  SEEEELEEL% £S55 MWD PR § 22222 €€ bb  SSS sshEe Il II1 22 €sg
£E58 2z222zeeeRe? 2eze 22222827  GYSE€€ 22222 2222 %t £ 222 22 £ b SSS SS n €2 FTIREIERID 222 €5 mn
CEEEEEE 2222222222 2222 22zzze2zazeeeae? TIIT1Y 22 fEfE€E8 222 22 §E 0SS 588 b ff 22 TSIETIY 22 S on &
FEEELENEEE gazzze 2222222 TITI1Y 22z 22e2eR TITRRRRNRRNEY 2 §ggfgf 22 222 € h SSSSSS mh  £f 222 I 2 fo0s
£EEEENEE 2ezzzeezeee gazzzeer (3533388541 zezzz TERCRRRRRTRRINRRUIN  222zeezea 111l 222 §£f howwwmw § 22 LRURRLINVITNINNGE 22 € »
EEEEE8CE 22222292222 14 g2e2zz2zze? TIITRETINY 222 BELErER RN R R TR R RN RN TRERTTINTIIT PRI 22 EEE KR R2 MM 1511 2 s ws
2eeeeeeee 2z22ze2ezzee 1IN zz222e EEERECEES  EUTREREROREURTIOUITINNNL 222222 11 11 22 §59€€ 22 1 0000000 1111 22 e ms
2zzzeee z222 22222ze22zezezRadl TItirtY 2ezzzz ttilMGL 133111 iy 22 22 111 11 22 §£ €€ 2 1 0000000 111131 22 £ vs
geeeleezaee 22ze22zezeeae 2222  VTITERY @22z vuvitigl 113811 Tt 2 se€6€ 2 1111 2 S nmhwn £ 1 0000000 ITEINY 22 €
ez 22222222222 22z 111LItNY TERELEELT  RUREY 11 22 s56g 22 22 € mw £ 2 1 0000000 ITIINE 22 £ wp
2ee 222222222 222222 22222 222z tIInTnInd BERERTRREERERLRLRNLS 12 22 2Z2§gn mmgai Tt 22§t
2222 222222 2222 222 222 TN EERETRRUUREEREREttartry 122 222 22§ S5 S5 ML 2 1IVELNL BN 22 5%
22 2222222222222 22z EERERERETRREE  TRLLLL 11 22 222222 §p 85 S5 n § 22 BITIILEL #R %
£EEEEEE 222222222 (3131 22z 222 338143103 13533 11 22222222 22 £5 nomp § 22 FRRTRTRIIIIT 22 ¢
CEEEENEE 2222222 £15¢ 222 222227222772222222 22 TETRRLRTITY 1y 22zze? 2e2z 222 PIRRUTRARRETETRLRNIIILL 22
€ 222222222 eeeR 2zezeee 2222222 222 PEERLTOETILITNLTL 222222 222222 TERUTVRRRLRURTRRRbAnOtiTRIIT 22
£ (1111111 Q22222 22 Lrerenn EERTTIRTTITITIT 222 22 (3381 BEERELLS 22
S€§ £EEE8S (4113 £ 211 00 i TIPRIIII0EY 22  €f€f 22 1INY 2ze2azaezzee FERTRTILLTS
£55€ £9688 222222222 ReeR zzee £E9EE56F 22 1T 00 P1 2ezeezze Iyt 11nn 2@2 222 22222222 FERETTTERTY
£55% 22zz22222222222 222222222222022 1 TILY z22z2zz  YLRRLNRLLLR EH 222 TEIVRIRERR 222z 111
£f 2zzzaee 22eeezzzzzz 11ttt (43858041 TEERLELLNL IRTIIINIT 222 222 TRIIRED 222 222
gzezzee 2zezzee 222 TITTT LRERTRLTELILNLLLY T 1 ik iy ew 2zeezae THIRIEE 22 31
2222e2e22 zzee 2zz2zzezzz  TITVRTRITUTTLLTRERTRITRGTLLL 133 PTT 11 22 €£E55 22 TETTURRIILIRIGNGY 22  EEEEEE€S
22222 gazzeeae 222 z 153330808000 RRRRRRRRRNEE! $55383381%: 11 22 55 22 M (88881 222222 1311
2222222 R2RRR e R L AMEVERAREI RS VN AEE RN ARLER I RNANIILININNNL. 0L 2P £EE. 28 13 1113 2g22zzze?  fig
£EEEEE 222z2eeeezeaeeeeae 3RS RRRRRRT i TRETTRTITS tIn 22 68 - €€ 2 W 1 2222222 £
£EEEEE5E 2222222 2e2ezeeeereeeade TIVRTRITITLT AN 1t TETITT IR % g &5 Riit 2222 SE5§
22222 EEEEEEE 2222222222222222 2222222227 22222222222 TRORRRINRRNNT 11811 11111 12 ¢ £ 22 1IINIIn 22e €ff
2zzeeee 2z2e2zzeazazzzzz gezzee 2ezaeaezeazae PRRRTRTIRRRRNINTTRTNNes  FRRTRINRLLY T2% np £ 2 11188 zeee 333 nhbn
22 2 22222 Q222222 222222 22z2zeezeeeee TRTRRRRER RN R R IR Rt e bbbt tniTtets T £5 22 2222 £55  bn
2 ff f15 2222 22222eeedezze? zzzeee 22222222 TRRRRR R T T T e R et v esnnesst 1" PEEItY 22 gEfEELESE 55 p
13 £5€ 2222222222222 gzezéRERRIRRRERER 222222222 TRRRTRRRRRITTNL  TRRURURTTIOELTLLL FTTEERE Iny @22 fEE6EE ]
FEEEEERENCE 2222222222 2zzezeeeereazz;z;zze 1111 FTEVERRTRRRREERTE  VLETLT TEIRESY 2222222222272%222  1sif
SEEEEEEEEeE EEEEEEE 2z22Re22ee SEEEES 2222 1 TURTRCRREEE  CRUTERTETUUTTURINNNELT 2222 2zezzzeza? €€
£E5€ zzezee? £E668 fEfigEggs 2222 22222 1 FEVERRECTITERRTITLLITL 22 2282 @222 EEEEEEEEEECES
zz2ze fEE€EE 22222 GEENEQEL  222222@eTRdReze? 1" (15231 1ITT1T 22 g£igg 2 22 GEEEfECEES
geee % £ 22 22 fffeef 2222222222222222 g2ee 22w 22 if if @ 222  EESREEEEES 22
£5€ £ 22 22 £ e2zeazzeezeeee? 22 £ff  E6Ef 2z2eze2z222? 13
SEEEEC £ 2222222202222 22222222222222222 2 § hnonn g5 2222 222222 [
i5s zee 111 2zeeee 2222 z22e 22 €5 nhon § 222 2222 GETESECLEEE 2222 2222
2az TIITT 22 SEES€€S 22222 2z2zez 222 €EffEf @2z222EREP?  giif £f 222 2@ ¢
(143141 gee 1111 2ee 2ezzezeee 2zeezezeezezaeaReeRe 2eeeezezzzzezzeze SEEETELENE £1§ @gee eeee
SEETELEES SEE6685 22  TIIIY 2@e  ffiff  e2e2rez2zzzaed 22222 22222 222222 EEEETTENSNEEEET  €U6€ 2222222
fEEEEEES SEECEEEEES 22 IOUNIDY 2 §§  §f @2222222erRelzEaziz: 2ezzezze CEEEECErEeErEEfeesasseeees
SEEEEEE CEESEEEEELESE 222 IVINY 2 €Ne€gf 22222222222222 fEgeEgs  222zzeee CEECEEEEERENERTETaaaesee 22
£EE58E £EE6E8E f§5  22zeRezezaze g2ze2zeazee 2222 222 CEREEEEEREEEQE g2ezezzzae
fE5€E £E88 ££5 22222222 fEfEEEs @222 222 2222 1 22 £if £E45€ 222z 1
£51% £E5€ i€f  2eeeeee £56f 1 @ 2222 22222222222222¢22 £55 £168 geezzeazee 13
£5658 L6688 €66 2z2 (1113 £ 2ezazezee fEEEEEET (111 EEECEEEELEE 2eze
£EESE6E (114 CEECEEENEEE EEEEESE 3113 £158 TEEEEEEEEOEerenes [1111111 ££65€ £EE5E £EEEEEES 2z22
SEEEEESE EEEEEEEEEE TEEEEEEEEEaes (333 fEEEEEESES £EE6E [$113 £9E65E 2222 222
SEEEEEET LEIEEEEEEE SEECEEREEENNE £€5 39 fEFEf ETCEEERECESEreEcaeses €568 222 22¢ fffEEL 22
LEEEEEESES £E5568 2222222  EESEECEEEEESE 22 (3111 ££5 222 11113 nhhen  £E§ 2222222222  £4Siff 2
fEEEEEEEES 111 222 222 EEEECELE 2e2eReeRae? 1131 EEEEES IO TTT T TT) nhhonber £ 22222222222 £
ETEEEEEET 22222222  REEREESER 2ezeeezae £55¢ EEEEEEEEEET 2222 €€ nom monn nhhy  § 2222222 2aeeee it
£55% EEECEEREEOENES (3115 ££§§ @eeP22eR??  fif £§ 2Re2  gEfEL 2@ 222
I RN EEEEeNCEEerEEEsEsEEEssaaess nn 1113 g2zzeeze? fEEEEEEEEE 13 £ 5% £ 22 H
EEfSECEOEEEsesEENieEneae EEEEEEEIENEfEEifaeteegse nonh €€ (1111 22222 §fff TEEEEELS (S £5 onh €5 22 222
fEECEEEESEEEITNaEneaes CEEESEEEEEFEEEaeaaqese 55 £€5 ppR g€ ETEEEEEE 22 f€ £1€ €€ £ 2222 § nhonm € 222222222
(3113 £EEEEEEES CEEEEEffEsErEaeeneEfaaaeess §§ 2 22 § bbb  EEEEEEETEEEEEEELEEES €ETf SEEEEEEE 222222 £f wp §f 222222222
133 2 3117 i fEEErEaEageneeeess £€f 222222 (SEEffEELOLEEEf EEUSS fEEEEFECEEEEEEEEs 22222222 ¢ £€ 2222
geeezezeee? fEEEEEEEEEEEE TN EEfETaefNaaefeeesaes (1314 f£f 2222222 222 22 £ hhbnh €S 22
et ~m- nMMMMMmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmnmnmmnnmmmnnmmmnnmnnnmnnnnnnnnnnnnnnnnn.nn €558 £f 222 22zzeeeee 2 55 nohwnm gEES
; EEFESETESEEENOEREOEET COLECEREE (11431 £5§ mh § 222 @2e@ERe 222 Sf  nonbnhp  SEEESEEEEE
2azz2e? FOEEESIEEEaif PENEENnEEueaaeeeg CEEEIEEEEEeaerenss (1111 £ £g " £g 222222 22 €€ nhn  hopob ot
[3131 3344 [3333312243 1111 (1331 EEEEEEET £55§  £66€ 2222222 2 gm pop SEEEEEREEES L]
SEEEL gazeeedeer  §% L1 £E€ €696 EFE6S zeezezze 222 22 £ oh  SEEEETEELSE
2gaazaaer €161 2eze fEEE8 222222e2e fif 1111441 f£1E€ (311 2222 222 fEff 222222 L MM LLLL £6€f 222
22 111t @ SRMfff 22 EEEEEEE0EE g22222e £Ef 6% £ P §5 222222222222722222 iff §ff 222222 ¢ wn phobh  SEEE 222
222 11 22 QEEEELfif EEEEERREgE g22eeea?  ffLifff fEEEEEL 22222 61 £f 2222222 z22ee  fLifgg 22 22 §iT  tobnnbonhn  £€ 2
2222222222222  SSESEESENEELELL gezz 22 222 2P? MNECECEfEFEFEOE6€f 2222 gfefeff 22222222 22222222 222 22 §5C nhoh omh € 2
gzeeeeee EEEfEELEeE 222 222 22z 222 CEEETEEfEEEEEET EEEEEES 222 2ezezeezaae £ e 222 S5T wheh bww € 2 1
22zzzeeee £518 2gERERR2T gET 2 11 @2r FECEEETECEERNNOERENENNETNECFIEEAONEEEaaaeees 2222 2222 gus§f 222 222 &% noh £ 22
g5 @22 22 222zezeae £ 22 ITI1 22 SESEEEEEEEELEEE EEEEEEEFEETEEELES £15§€ 2222222222222 22 5% nmewn  §f  222222zze?
fE€5E€€8E 2 iy 2eR 2zzz2R222 222 222 EEESEfESEE€ SEEEEEEEETEEEONEE £55 222 TITTTIIITT 22 €% £§ 222222222
EEEEEEEEEEY ez 1t 2zzzzeee? 2222 2zez? FEESESS £E55% £€ 22 VIRERRLIDERRNNY 2 §f  gsf 2222 2222
({13 2e2ee geezezz? 2zzzeR ezzaeee £EEE5E 2222  €£€€ bopopon €5 22 RETRTITIORNLDL @2 ¢ £ 22 1" 222
2222 2zeazze 22zzeR gezae? 115688 €5 boebobep € 22 VIRETRIILY 22z gff  £§T 22 1ipnil 22
z 2222 eze2222 2222222222222222222222 22222 fEEEEEEES ({111 €58 222 ITITILY 2222  fEffEE€% 22 1M11 @22
222 2eezazeeze? 22222222222222222222222222 222 22222222 CEEESEErEEEELaEesaees 22z TIIIITRGEY 2ee  sfifgefs 2z
222 22zzzz2eeeee? 22222 222222 222 SETEEEFEEOEEsE 222 ptIinnel 2zzz 22zze
22 22 222 22222 22222 SEEESESESESEENE gzzeez  111T 1Ml 22222z 2222222
22 22 €EERiQ 22222z 2eeee SEESEETENEETES gezee TERETETTLLE 22z2ze222zazzeazed 222zz2
222222 222  §ETEES€ z2222222222222 2222 111 £5f 222 153331 1 222222222222222222222 2222222
2222222022 £EEEEES 2222222 2ze2e 222z §T  memen £ 222ee 13331 1t zezzze 222  SENEEEEES
2zee2ezeare? 22222222222222222272 222222 2222222 € Mm mem §5 22222 1333355834833 35034¢ 2 ¢ mop §g
g2zz2Reeeeeae 2eeezereazzeeee 2222222222222 222222 S5 nhhomnm  §5€€ 222 TERTRRRRERRRTITLIILTY 22 % £5€ £
22222228222222 222222222222222222222%2 geeeezaze 2ezae £5% £ff 22 THIIEETY 2zzee 2e?
ze2zeezee geezeeee 222222022 gz222 CEEEENEECE 22 (3333331 22222222 2222 2ez2
2ezezzeeaee geazaea? 2zzzzeee 22222 " 222222 2azee? £5
43 £5665 1€ 22222222 2eezz 22222 22e2reee2 2ezzeee gz 1t 22z FERRLES zeee (11333
CEESEEETEEEEsE 22222228222222222222R22 2zeee gzeezeee 2222222 222 W1 z2eez  tiilLl zee2 2222z fEEEEEEELE
£EEEEEE 222222222222222222222222R]2azzazzazazzzadaedzaaaaazze 2gaRee 2zzeeRzR2eeee 222 I 2zazzeaze 22222222222222R222  S94fL
£5€ 22222zzzedzazeeaaeeezazee 2222222222222 222222 ge2azzzazzzzzz:d 565 @ez 22222222222 2222222 22222222 EEEEEEEREEE
22222222 22 22z2z22ReReReR 2azezazeaz2zzzee ££5€568 222 22222 gzezez? 2222 fEEEEEEELS
22222222222 : 2zzz €558 22ezaree2e2222RRTRR zeezee gezze EEEEEEEEEE 22222222 2z2ee 22zz 22zzaee
22zg222822  fifsff 2z222ze222 222eeze’R2R2R2R222RRR22? 2222 2222 SEEEFEEES 2ezaze £568 222 2222222e2ezzzz>dzae 2
2222202222 Mgt 222222222222 22222022 B222222222222222222 22222222222 eR CEEEEEEEEE 22 185 222 2222 2222222222
2222 222222222222 22222222 £t 2zz2e2222222222222222222 SEEFECEEENET £5% 22 222 2222222z £
22 2zee 2222 2222222222222 zeeeeeeze 2222222 EEEEEEEREFEEEaaes 14 22 2ee 2eg2azzzazaz ¢
22 222 2222 2222222222222 2220222222 222222222222222222222 CEEfEEErEeeEaeesfeaaeeeses 2222 222 222 2222222222
22 f1EE5 222 @e? 2zzeeezze? 222 22222 2e2zz2222:22222 CEECEEECEEENEEEarss (1113 222 zeze
fEEEE68 222222 22222 SEfISE 22 2222 SEEEEIETEECEEENENeaee 22222 2222 [11111
(1113 SEEEEENLE 2222222222 (1111 SEEEEEEEEEE 2zz2zezazeeae fEEEEEEEEE
(313 SEEfEEES ({11113 222 SEEEERECEEEESE SEEEEE 22ezzezee EEEEEEE
£15% 2zezzeraae £EE55T geezeee FEfEEEEENEEEEE zz2ze 2az SEEEEEEEEEE 22
£EE1EE 22222222222 £56f 222eeeee? 2zze SEEEEEENNEE 2zzezeee CEEETEEEEEELsS
EEEEEEE gzezaae £g 222 2e2 2zz2 CEEEESEE fEETEEEEE gezzzzez w2222 fEEEEEEEEEEELES
[34413 gez It 2ezee £5% ETEEEEENEELLS zzezeee fEEETETEEEEENELE
fEEEEEEEses 22e222 2ae2e? zeerazazezzz 31 geaaze EEEEEEES fEfEEEIEEES 222 EEEE6EC 31
EEEEEEE 22222222222  SEESEEERLLf 2aee2e zaezee £ gezzee SEEEEEEELS L1518 i
nEs 22222eeeed  SEEff £1958 zeez 222 fusg FEEEEEEEENEELE e22zzezeezeee 168558 £
nh €% £ECEEEES £9668¢ [${{{{ 9 T T 22 EEEFEENEET SEEREEEEOOaes £EEEEE £EEEEEELEE £5§
mn EEEE fEEETECEENEEE (1111 geee?  fiffL 22 22ae? SEEEEE6E EEE5E SETEEEEEEE £E5€ 13
oy (1113 SEEEE 2e2zzezezezeae 1€ £5% CETETEEEfEeaaes
LTI T £EEEEEE " EEEEEEEELS 2e22zereeee geaezezae? 22z EEEFEEINEEICIEaEaeraaaes
non nheh  fEEEEEE  weowOR  §§ EEL] 222222222  SREfEf 222z weee? 2222 2222222222 SEEEEEEEE SEEEEEEE
menh  CEEEEE nY vr £ 2222 22222227 ffsf fi§§ 222 222 2222222222 222222 222222222222 fEEEEEEEENES SEEEEEEE
nhnnh (33 £56€ gezee  eez2e SEEEEEE 222222222 2222 2eze ge22zeza2ezzzzzza? FEEEEE6E £R€€E £EEEEEE 2
LLLEITT) fEEEEEEEE LI <+ 22 22222  eeeee (1111114 2222 2z222222222222222222222 EEEEEEEEEEEEaEs CEEEEFEEEEEEEes
s wongvowy €55 K5 bhwown g 22eezezze? CEEEEFIEEEEaEaes 22e222222222 222 EEEEEEE SEEEEES SEECEEEESEEEOIOELLS
s oy ponn  EEEEEEEE www  €€C fEFEFEEEEEEEEss 2222 T 222 FEEEFEEEEETfEEERaEMEnEaeaes SEEEEEE
nhnponEny ronn SETELEEfELiaanereese (1131411 FEEESE 2ze 2222 fEEEEITEEEaNEEEEEEaEaeaaaess £E6€
phnnRnD fEIEEEEfErEaeEererEesrEEaeEaEeneae 22222222  EEEYEE€ 2zeeazzzzzz3z fESETEEEEEELEE fEEELELEE 3113
6665556555 rohonREIDD £EEEEEES CEEIEEEEOEEEEEfEneaes £f 222222222 SEEEEEEEEREC (3113 11
§56565555555 nonby EEEEEEECIrIfEEErEEEarECrEeEaaEgaeqsnse 2222 EEEE5E [ $11 22222222  SEETEETEfEEESCEFLE€E zezeee £55€
S55565655655S nhnb £666 SEEEESEE SECEEETEEENEEEEESEase £EEE6E 2222222  REEEEEEESC LEEEEE EEEESETESEfEREEEET 1311
5655555555 nhb EEESEE EEEEEEEE CEEEEESTTTEENEITEaenaeess 22222 EEfEEEEerEEaEEEEereeeeeeiefeaeenaaeaeses ({11111
GSGGS5555  hhnhowbnbonbbh  EEEEEE £EEEEEE CEEECEErEEREEIEEErEaasess CEFEFEENSNEaaes CEEEEEEEEEOES 114
S55555555 hRvROROORRD hhbon SEEELEE CEEEEEEEECEEeaes fEEFEETEE EEEfECECEEEfeEEnaaaes 2zzezeeeee? EEEEEELLNE £588
666565555 nhonh nonnonhD EEEEETEEEENfEOEeEaaeset zezezee CEEESESESEEE  €66€ 22222222222  ffiff  GEEES EEEEE
55555555555 nonbobD CEFEEEEETERETOREneness fEFECEEEERELES 222222 £55¢€
$66555555865555 pphbnh SEEEE fEEETEEEEEREENEeC EEEEEE 2ezezzeezeazeaa? EEEERELEE
§$65555556555558 LI £55€ fEEIEEEEOEeees ge22zeee? 222222222222222222 {3443 £EEES 22
§56855555555555 nohbbbh SELEEFE FEEEEECCCEENELOLEQ 222 222222222222222222222222 SESTEELENET 222
$5655555555555 [LLLIT) CEEEEEEEEEEEESEreEaaaeEaaEneeaReseres 2ezazzeaze 222222222222222222R2aR2Reee? CEESEEEEELEE 2
§S655555556555555 nhnnn EEfEEEEEErEEreEeerereeeeeareeeeraeeees 22222227222 geezeeeee EEEEEEEEE EEEQLE
§5658555555 LLLA) T ECEErEETEEeEeErEreraEaaeeqaaaess £EEEE 222 CEEEEEEEEE (3111
5558555555 onnt SEEEEEEES EEEEEEENEEEENe 5688 EEEE5E6E8 22222222 CEEEEEEEEE £6€
555555556 nonnmRNEn worh  SEEEETEEEEE  nbobbh EECEEEEEEEECE 1317 §£55 Q22222282 £EEEEESE LTI
65565555 nononhnnRnNNY ron 56 €5 hpbb  EEEEEEEEEEEEELLE £5€ g5 22222222 £5§ phhenbRRNY €58
55555 nonh nonnnnnnNY 9658  §EEELS fEEEEEEEETEEEaaeee £5 £f @z22222 zazzeeee s£f mn nhw  SEEEEE
686 pnnn nonnnn fEEEEErEEEqEEREieereEraaEfqeraEaaeess EEEEFEEEIEEaaaass f1 22222222 zeezeezaz &1 nwemwnom  SEEECESE
55655 L nonnunny fEEEEEerErEEeEEEfEEEaaerereEeeqeees [$14111 FETEEL §£5§ 22222222222 (133 nhnn 1311 nn
nannENERRERYEOY EEEEEEEEE08  HEMENES SEEEESEFEE FEEEEESEE EEEEEEES fE5f  g22zzeezae £E€  moonn non
nonnmERRRRTRRR DY EEEEEEES CEEEEEENEfEEaanee CEEEfETEEEEEENeaaeess [3413 22222 S nmhunmmnn nhnn
nn noneERRNERRORY ELEEEEEE fEEEEEEEEE  NE€ 22 (31434 EEESEETES LLLT) (113 22 £EEEEESEE 228 222 ST heonhhhhnnnRbnOERD
(1 LLLEY) £EE666E fEEEEEEE ££ 2z fEff fEEEEESE (113 22 €68 s8¢ 222 222 £ nnbhonhbonnnn
£ nv §S§ LLLL) £EEE5E85E fEEEEEEEEE £f 222 (133 SETEEEENES EEEEE fEEEEREEE6E  222rRrReTRe  Kif nhhobbnbny
£ 7 §55585 robn FEESEECEEEEEROEEREEEEEiEeEsE C0EE L1 £t £5f LLLL CELEECEE £fL EETEEEEEEEES 2ezz 22 € nhhnbnhhb
£ r 55555§ LTI e EEErEEEEreaeeaEeEifEaaaass (114 £568 nhnn [${1111 [113 gezze? EEEEEEEEENEE geeezezzzz  £5 nhy (LT
" §55S8S oy EEEEEEfrErEeEerrEaeEfesefecefereaaaes £5568 ({151 2zee TEEEEEE SEE5 2222 222 €£f o nh
13 Ph EEEEEEEE EEEEEEEEEENEE CEESEEEEOLE FEESEELENELE £5€ 222222 fEEETEEEEEECCETEaass 222222222 1T MM o
(1 h ££f  EEEEEEEECLEE EEEEEEEEEE (1111 11111 LEEEEEEEES 3113 £EE5€ £5€ 222 22§ on "
EEEEEEEE £15 £55€ SET  oonw EEESLEEEEIET fEIESEEENTNes [$1413 311 SEEELTY S nn
EEEEEEEETEELETEELN L £5% TEEEEFECESE f£EEEET gueff LG LA

L R R L L e e L e L E X h

.00044404004¢1¢1qic4c44aocaa04‘1000000041041.;0-oaoooo¢ooooqici<ocooaiaaaaaoooo-ooooooq000400ooooo.ooooqo'ooooo+++ooo+oo;..;.oo40044§¢v¢ooeo.oooooo++ooooo+oo++ooo+b+oo+oooo{¢oo¢4v404+vttvtytvooooo

M R B A i b A b i o e e e PP PSP P PP, L R O I o S S S

- Contour Map*

Quadrangle-Potassium Pseudo

Rawlins

Figure 22



RAWLINS

LA b b b I AR R e e b R O I I T T T T T T T T S T e

R e R L L P TR T T T R T R e Y TR YT )

L I T I I I I I I A I R I R IR I

£ 222222 £ mm  mm S5 @22z2eeR 2zezeaazeer 22222222222222222222
§f 22222 it memnmm § 22zEReee 222 22eeeedeeeedzze 22zzzeezzzezee 222222222 %%% phhp S5 9999 §
» §ff 222 i mew £ 222RePelR eee 222222222 2222e2 2e2z  LEESENEEE 2222 fEf  mpoep S 9999 §
7 E8E £95% (111 2eezeaeee 222ee zzeeze? 222222222222 222 fEIffff 22222 €L bvhp 8§ S
£E58 EEEEEEEEENeE gazzezee 222222222222 222 it zzzzez? 222222222 %% bt
P SEf EEERETEEECETALENG 2ze2eeaze 2722222222222 2zee TRREEEEEEE
(L1 EEEEELEELLEE 22ezzeer 2ee2ez2ezezeaerer  22R i I 2eezezeeeR 222222 fE1159E 222
£ £Ef 222  iff 331 222222202 2ez2z2 2zezae 22222 22222222 2ze £
TEEEEFEEE 155 11 2222222222 2222z22ee 222eee zzeez 222222222222 2zee zzee
EEEEEEE £5% £if 2azeezaeeeze? 222222222e2222222222R 2e2  ffiff 222 2zez22 22z
TEEEEEEEE £E58  SESESS 2zzezzzaee 2zee gezzazae 2z2zeaeee 2 ££ hwp §g 22222222 %%t LT
61 EEEEEEEENETECLEL £gf 222 2e? 2z 11 2222227222222222222222 T 2 §¢ £f 2222 eefEEvERE 22 1
FEEEEf TEEEEIEEELS gee 2ze ge 11t 22 z2zzeze? 1t
CEEEEREfEse £E1ES geed zazeReee PRETEREL
(2114 £E5E £5§ 111311 2zae 222222 i RN
£E€% fEE€E§T 222222 2ze gezezeee 1T 2 gg58€ 2 Giite 1238

~
N
~
an
o gy
Soit Lol
e o e v e

e2  TREr 2@ 22 it £€ 2222 222222222222:222222R

L]
“u—_n““_" 2geeeeaddede @e2erezaer j33311 SEEES 222 2zeee
Tits

eee CEEEEEEE

I fgdedee
22 fift edee £5 @2 11RLNng 2222eedeceeeeeree
22 fiff @222 2?2 s%1 ig 22 22e2gedazedeeaeedzaaeee

222

1 a2 £ 222 222 fgfiEf @222 g2eageee L 2eed

ift TEEE 2z2zeezezae 222222 22222222222 2ez 1% 2222 222 gzzee2 222z2ze2zeez2ee c2ezee
ECTETIENEEONELLE fezeezedeaee fE€E aee feaz 222c2ezedeezezee eezgedzereeaeee Zgezaezeazeee? 222aeazadzazeeee
{34 whnt iff 22222 fEEELE £E5C€ ae eeee 222zzezeee gedeazereeze aeze eee 2222zedaceaceededeazeae 2222

31 o fff EEEEREERENAE 2222222222222 2zg2ezazzerazaee PEELTLLL gazeazzee Terre eee eee 222 22222  zze’eeRe
EEEEEEENEQEL 2zazee fEEREERENEE g2eeazeaazze 2222222222222 133220041 g2eazezaz |
CEEEEEE 22222222@2@ee  fffff ey @222ez2ezR cegazezae s gazeazecee 1
£5 J2222222222222¢e22eeR fE8€ £t 22ezee j3131% 2zaeaezeeeeze g2eaeazeazazazzzae 1
11 ez 2azeder j1313131 22ee2zaeee 22zgadedaade eeareceer i
£5% £E1858 2222222e@22222e2Re  fLif j31% eezezee 1383 azageae 2azzaze 1
£EE 222222222d¢e22edeeeeeee ¢ LU LB % 3 eze Tretts gelezeedeedeee 1
€5 2zze 2gdedeeegaeerez g hwhp € j333 8 222 ¢g2eadezaede
TEEELE 222 ¢2c2ezegedee (it CEEREEE whhhh §§f 222222222822e222 2zzezazzazzzzazzeazae
£ELgE 2z222zezaae CEEEEEERNEEERuiEiess 111 22ezeezezeeee gé22e2eezezaedeeeeeee
fEEEEELE 2zzeeee £EEEEEOEE CEEEELENE gezed 2z22zaazeaeeeeae
CEETEEEEEEELNE 2z2ez 2gazezaaer fEEE 568 22ezazae 2zezzze e2eze
5% LEEE 222 22222222222 fEEEECEEETEY de2ezaeeeerezze eaee i
geee FEEEEEEE gzéer 22e222eg2eR ezee 158 eese egazee gee
2222222 SREfEELT  2zedae EEEEEEEEE 222222222222222¢8222 j333%3 aee 222 2222
2zeeee €58 eze2 fETEEEEEE 2ze2zeeee £EEEESE 2z2e 22222 222222

1

1 1t f2geedeaeedeeedeaadadeazad  @eee 22z2e
Trenegng 2222e2eedeaaeeeaeavagazazzaazzzer a2e2 22
i

eze a2e eze ezeze
121 22 ££ 222 fegeeee

mm mmm ——
2ezae a2 111
egege 2eede
g2ezezazee 2222222222222
I 2z2zzeazaeae 2222222gedeae2aze

T 2agzeeeeze
1 22222222222

11
it
i 222z2zeegeaazaazaee

11 222z 22gazazzazeeeae 2222222 Tite

1
1

e2dzeaeazeazaee 2222222222222 2zze (114

41 gee £E5€ cze eledezeezedeae
a2 edeeza 22ez2eaeadzzadedaze

eze
22

1
1
1 g2z2zee 2222222ezee i j341
1 222222222222z22222 it £55

Zdadzeaeageeaadeee SEEEEEECEEE £55E588C Tee 2caeaeeaaezeaee ezeeeeeeae 2zeaaae TEEESEEE

TEEREREE 22222222eeR ez2azeeer fEETTELE 2eeceee EEEEELSLE égaed @2elzedeezezzeezeizede aezeee ¢2gzez2eaezzaeee FEERTEEEEEES
fEESESENENEaEgs 22¢ @2eee 2geeezee 222 e ff {3141 e2zzeazeaae 2zezee 2eaaaae TIt1ll  2zezeezee 222 f£8%  SREffS

EELEERELES fe€€ 2e e2e2 22z2zazzae fEE1Ef 22 11 22 ¢ 18 ez 2zez2 g2ezezeze Ttrty 2ezzzeeae 22 fESREERfEff a2
» EEEEE§ £ ¢2geceeze 2 fRELEEEE 22 22 1% £EEE88E 22z2zeezzeeae ged geed g222 fRSfsif géeeae
S h EE€€E f§ @22222eeee j311% 2222 22e SEESESEEOETaEaaneEsng eee 22ezazeeee eeaze eze 11118 2ae EEEE55E 2z2gezeze
S bh £f <22222gce2zzeeedeeee 11 22 1 eee EEEETES 22 2a222g2zazazz 22222 ez TIT191 22 SEEEEff 2geae ez
S5 by £f 222 22eeeezaze fEEEEE 22 fRnene 2z 22ezze £5€ a2 22222222222 g2e2e22eeee 1 IARRAY
S5 o £55 22c2egdeeeaze fLE5E fgg 222 eee 22222222 222gcazeqaeeee Tt

4
222
2ae
44
22

T 22 fEsitt 22222 2aeze
22222 222222z

9 85 menen S8 2222 2ezeee £EEELE ({1841 2z ez fEEL e2zezeeeeee gazezzea? eeeee ageee 22zeezeeaee
9 S nhhbhn €58 222 222222222222 ££1 € 222 eze fEESECEEES 222222222222222222222222222222222222? 2edeeaeeezee 222e eza2ae?

9 S bh £1f 2222 gazeeze ({11 £if SEEEEEEEESE 2222z22222g222eqeee ezaz 22e22eeeeeaze g222eaeezzzaze
9 S bh EETECEES 222z 2azeee EEEL fEEES 222222 222eee2 fEE8E £58 222 2gze2eezaae TEEEEEE a2eeee 2
S5 mh €588 2222222 €L oy LLLL j334 eezeee 22222 2222 FEEREEENEINEREQ 22222 2e2e EEEEEEEEEEREEqEEs 222
s nn EECEEEEREEEaEL 22z222 £ » 56558 mwh £ g2eezEe 2eae 222 EEOREEEEEEEaEeaenEnees eegee é¢ ESEL E8fi% LERESE 22e
v EETEfEFCEREECETECETELeces 2222 €€ 1 ¢S85 W £f Z22eZeRR 22e2 2222 EEEEEFEEaEeEEaEREnEeeeee dgde2erede EREEREfEfff £LEiEL 22
LA CEEEEEEEES 22 £5 1T 111 ezeeee 222222 CEEEFEEEeaEaEqEqEeqEeoateeeees 22
nty (% 22zezee £696f  geeff 22 e eI C RN REEETETETEIENTELE ézzeze
btk £§1 22222222 £E65€ fEEEEELLLS ezez 58 eez? TEEENEENELE EEEEENEE0EE j3133 158 2zezeeeer 1 eezeae
" £58 5588 £LEE58 T €5 ezezee £5 2e TEEEREEREEEEReEEaaeaee 222222222 £€ £55€ 2eazzeae gzeee
Pp EEEEEIITEEEEITICEIIIIIErEETsTEEEreeeeEraaeeifvauce e2eze £168¢ EEEE j333% caz $EEEE SEERER 222222 2aze
nh EEEESENEEES £58 CEEEEEELENEE i €9 or bbb CEEEELENEFENEqeEae’ 22222 2222z2e ge2ee
LL EEEEEELE £t (] €55 gZeeae EEERESE fEESEfEEE {311 reonbohonon £E58 222z 2zee eae 11 22 2ee
n $EE5E z2zeae €5 nbp 11111 SEEEEEEEEEE fEEE woRnRnh nhon  £% 222222222 g2z 1 ee 22zeae
L 888 eee e £ h hh £ EEEEfEfeEes £€ PP SSS nonhh L R 3 2ezeee 1 1 ez 22222
nhr  £5E% ee 1T 2 b SSS§ b & 1311134 CTSEEEREee eeke f M nhhbRRODD Ph EESEEEEEFEEELE 2zaze 11 eee 2222
hh £5% 2eze 2% hn bp €% SEEERNSE geezee fEEREEEE 22 22 § mn whtnbhbbbbhbD EEEEEEE ez2e2 2e2gezeeezzze
¥ X ezezzeee 22 11 mh  fif SEEEfELL 2T eeee f£ff f€ 22 22 € n §S§ 5555 hwhb £11€ 2a2eae 222ze 22222
£f 22e2eze 222222 1t §341 £E555K eezzeared £E988 fig j341 ne 11114 LLLJ by £t @2@2ee ezeeee a2z a2 2z
22 ez ezgee jiti33414 £LE8E818 222222 ffff noRnEnY robonnnhnbOn £ 2222 2222z2e222 222z 222
ez2e eezee aezzeeeee 131 £5% £§ @2222e2ee j33%1 habhbbbbh £5€% rotn mhbh §£§ 2222222222 222 ELESEEEE 2222
j334 edazazzeadaaezezed LEEEEEEREEEREETEaREqs ezeee {319 fEEREE LLLJ LLAL LA L ezaaeeaeeer TETIEE 2 f5% CEEEREREEE
it ggezea Ieeezede ffEEEEeS £EEEE fEEEEE £E5 £5€ hhbhonh L6588 LUL L ¥ gezeeeeez frrey 22 €ff EREEEEE
e22eeae22zzeeeezeee j13 13141 £f£E  mmn honhn fEESEES £E £5 bh § b EEEESES ££f @2ed2zeeeree 22 1% (33431 2
2222 @2eee2eze2zeee j31341 22z gL mn et £ j311 £5f 11441 f£r S Shg £E€8 eazeee e 22 §& nmonnmhhbbo ffef
if eaze 22ezz 22222222 ¢ nmy pwm SRELEEE j311 £E88 EE DS 999 S b £ 222282 2zzeezeee £% 2ezezgez gt mwon L4 i34
fEf8 eee {3 j31y 44 gz £ new EEEEEEEE nhnnhboh 588 22 & hS 9999 S b § 22 22222 @22 e2azeeee €t oonn honhh i€
L
L]

£55€ 2ze2azzez §x 222 11 222  EESEFEETEEEEEL wheh  phoh €6 22 £ b 5999 5 n § 2z22zzazazzz ezzeezazzad €555 whohonbbbe g5 2
< 22222 2222 SEEEEEEEEEEEREES non LLL] £5§ £ hh SSGS §€ zzzee eeeeee £15€ nwonhhhbEy  S58 22
£5 2e222zzedrzeee fiS gREEEEEE LLLAA LA EEEETEEEEEEaEes 2111 £5 222 Tt 222 (114 wohnnbon € 22222
(314 222222222 §%% EEEEEENES CEEEEENSEES ({21 £5€ g2 PTItIieL gzzeae £E€€  hewmEnn  €ET 22222
£EE5€ SEEEEENES (131 1114 1311 £EEE95E 22222 2eze (311111 ££5g 2222222
TEEEfEEESIEEERINE CEEEEEEEEEEEETEEREELaEs 2z ({14 £5f 222222222222 SEEEEEE zezezze 22222  SEEEEFEEES gezeee
£55€ £EEE6EE EEEEEEE (3333 £E6€  hhwbowoh  gff  222R22R2eRR LEEEEEEE 2zeeeeeeeeezee €€ nh £5  2222222TeleRe
(1134 CEESEEEETEEEEeaaes pobnnRn  §55 (11117 £66§ £EE5€  fef§ 222222 2222 2z2z2z2 (3131 (314 2ze222222
EELEEEEENS £E85EE phuonophy EEESEEEEEEEEEEEEEEE £E6558 EEEEEEE SE5  hhw £ 22 2222222222 2222222222 fEEEEEEEEEE  22@e?
CEEEEEEEEEEEaEraEEeaafaaaeses pobobeh  SEEECETCEEECLEECEOEE £EEE5E £EE€f £EEEEEEEEE £5 22 111 222zz2 2zzezae 2222 1111
CEEEEEfESCEsrEeaEeafeCeeasaesess £E58 CEEEEEEEfEarEffEfseEceEaereees SEECEEEE  humpmn £ 22 VIVINE 222z g2ze
e EEEETIrEENETIEEaEaaaaeeaaaes £E55€ EEEEEEEEEeEEes fE5% £58 €5 ns 9 98 2 1
CEEEEEEEENINTIOeE SEEEECEEEEEEEEasese £165€ (g 2 £€ benhonn € £ S9L e88@ 1§ i zzeezzezzeze zz2ezzzz 22222
EEESEEEEECEEE  mwbpe  EEEEESE £958 €€ whbw € 2222 €€ mm 5SS b SE€ S LLLL SHE  BRRER zeezzzazzz 22222 222
£EEE55E SEEEEEE i858 ££5  mwhoweb €5 222 § nw S5 6§ poebb § 9 L L 95w 2 1t 2 2222222222 igs 2ezzeze? ¢
££65€ 158 £5€§ £958 geiss (1111 €f b 655 &85 S6 9L 99 I zz22 2zz2 2z2z22  §% £f  2ze2a?
13111 CEEEEEEEETENEOE0E0ES SEOEELE SEESEEEEEEEEE €568 mb S5 9 L8 8OL hE 2 zez2zze 222 2zz2ee  €fi £5f 2222222
zezeze? (3319 SEESEEEEEEET £9968F 5% £5 22222 £EES  bupboORd mb S 9L R898L £22 222 2ee? 2zaz 222
§ 22222222 £CEE £55% £5% €5 £§¢ whtbm § 222222222 g hhbbb %% hSe 9 h 22 2222 2222 2eaez 2222 CEEEEESE
£1 eee £5% ££f (141 (111 2 £ LU Y geaeez? E£EEE hotbn £E€EE 7 S 99 99 ¢ §£§ 222 2ezz 2eee
€5 E55 nhnony fEEEEEEEESEEEEEsss 22 il K {4 . EEEE€ web_ mn £5EE ®S9 8 9L S b §f 222 111 2e2zzee £158 22z

*

- £
nhunnnn LEEREEERERENEREegE (1313 SEEE 158 £ L1 Py £ET PS9LE 68L Sn & @ u_"—-__ 22  fffEgESS £t
(R

fEL58 EECEFEREEEREErEneEees {3319 55 £EE5E P mh £ PS9Llge 68 sh a2 eeeaee 44 £EEEEQE
L] £EES if 22zezze £EELSEE fE5€ {44 LEEE8EE bR PURD " 98 b 68 9 n % 222 2222222¢zed¢? 222 fEEERLS
£565€ ££ 2 ezee ££8 585 (331 g t SS8S s9 6 68 L9 Sh §f 2222222222222222ezddereezee CEELEEEEE ez
133 €55 nhhmpn £T 22 a2ze2 zzezeer €% (1331 eae 55 nh 8S sn & 198 n 8% 22222222222 EEEERES eazzee
111 £55 £% 222eeedeezeear 668 ({134 j33131 nh §S & ¢ 22 98 @ 5h € £EEEEEE e2geadaceaeeeeeree
EEESESEeEREqEeqy g2dzezeae CEEEfEREEgEiEENEIENEENETERNEaTineey h S5 0 % £ 596 68 hE 2222 SEESEEEENS eze £ azeeaaae
13311 €5 2zaazaezaze CEEEECLENERaEEuuaes SEREECEEEE PhoOP  CEECE L9 6 @ 95p & CECEEEEEEeaEnieees eze 222 ffRig g2eee it
j33 33337 22222222aeeeeededezeeezeeee CEEEEEEEERENINCEEENS 1€ £f £€€ ® S 99 S5 nhn fEEEEEELEREELE @ 22 ji3133 gazezeze 131
22zaz 22222222222z 15 (333319 1133 i€ 2 £ pbe LLLIA ) rhnpunRnhhn fEEEEEEEE @€e? eee j333 13 ee 22 €%
£ 22e2ee 15 fiff 149 wh €48 £ h§9 8666 B 95 b TEEEEEELES LG LA 1 [ 3341 2gezeagace fieg ez 22
©2222222222 MELLEEMSifif £56858 fEEEEEE 1349 CEf€EE €€ P S L @ @@ 9 S h EEEENEEES L4 nn §§ 222222222222222 2ze ee
€% 222ze2zee it ] €5 CECETERCEEEERERanes LEEEEEE €158 hh SS 19 LEAL R LA LA LT A 9999 55 v £ 22 2egazzze 2zaee eae
5K 2 £1f 111 gaeeeeze CECEEECEENENNeE £ hh 111 LLJ i §§ 9L9 68 1950 2 2a2 e2zee 222 £
ERE5EE EEEEEEEEEENLS 22ezezeeze SEEEREEEEqE egeeeee £LEES  bb LLLJ wb SS9 LLLLLL 9 & n § 2222”2222 fELELS 22ed 2222 £
CEEEENENEEENELe (3% 222eezee 13313 2zezeer EEEEREEES nhnnh nhon 5L 2zae j 3147 g2rrezazae
CEEETREREREEEEREqet j3 3811 a2eeaer £ 5688 CEEEEEEE nonn j3 313141 j1iy 22e2 LEEESE
CEEEEEEE fE€E 111 LESEEEEREEE £ LLJ £% LELLT ] B LEE nr Ldd £5 CEEEEE  EEEERESE
£REEE £t 22e2ee 3311 if £ bhh phrnnbbbunRbROY rhh SS SS n g j311334 f£L1 [33%4
££% L€ @2g2ez (1333441 fEESL j3%1 €58 hoh hhb  £EEE bh SSS 11 S§ r Sf EEESCE §33Y 551
P EEERESE £ 22222 SESESEREESS EEEEEEEE 222222 fS£L€ nmhnbbhpon P 5§55 5555 nnuebnubnh EEEEERE £EE65 CEREEEENee
£8f ERES £Lf LE5€ SEEEEEE 222222222 j311 Zzez St nh €58 LELL LLLL L fCEEfEECEERaErTENEaEEEeeEaeaqeease j11341
EEEEEEEQEEE TEEESEEMEees e2ezeazeeee CEEEOCEMEEOERENes CECECENERES CEEEREEEsEt CEEERENENin LERE5T £
mbubpnnnOROR LA £ELELT monhy fEEEELEE £5E EEEEREEE £EE8E £i88 nhobn (3353331 fEEEE fEEEESEERECERE
bhbbphr SSS 6§ Ph fEEEELE nhbnopbRRRRbRNY fEE5T CEREECEEEREERaaues £E€E £f hhbhon 1333 EEEE SEEE€LEC
nhrbohh  SS S b RRRELf L1 ELEEE  nemnvmRRn  £5S e I EREETErEEREnaRanEnEnest j313131 £5 nhbonnh EEEEEEEEREEEREEningies phonon
L L4 .11 s 0 £E81E CEEEEEEEEE  nonnOOEY [34141 EEESEEREQeEL § 3311 22 it [ 331 nhnbnh CEEEREEEferEEEREEaeEnEEeeEsne fEREELEEE
huhnnbh S 99 99. 5 h EELESERSEESELSCS noobbRbh  EESEEES SEEEEREEeEeE 222 22 g if i34 CEEEEEEEEEEIELS j31341
opR hh S 9 LLLLL 95 b &S £TE8T rhnnhenn £f€ 22eaz fEEEfEE 2z 22 Sffffff £R6E% fEEEESE EEEEENEEEEEEey LEEEEESEEEE
bht nER S 9 99 S h ESESEES L4 LU 3 2aee 22222222 £56€ (L ErIEEIrEaeEieaEIrEraIaIreEerasEuinet
hamnen S 99 99 § b EEEEEES hhnnnn aon fEE8€C geezede 22e2eedeee TP fEEraENEREraNECEEfEneaene s hhhnan
bonnne S 9 L 960 S 18 noehbonRoRhORROD i3 gezeeeeze EEEEfELE 222222222z CEETSErENEEEEquEreEagease TEEEIECSS nohbbo
LLJ e 9 L 95D SE £i€ nontbnbbhoRROROD 858 22ezezeaze EELEREEEREEEEnees 2222222222222 EEEEREEEE EEREEEREL LR AL b
P SEE 0 S 9 99 S EESEE nonnnt nonn £58 eee £if he ffe 13334 2222 ed2e gifLsyg (131
7 SfL P S 999999 & n nhn bhbhoRbOR £158 13111 whobb (131 LEEREEE 2zzee fEEE88E £5€ EEEEEEERECELE £
LL b S 99999 &5 mr E5% won (1] LLJ CIEEEETEEETEREENOEnNEeEeneEne ittt fddiddt ittt it s it fidsitaiid i isdidtdagstssidasai iz uiias
when S 9 9 §5 7 EE5% nh  S55558 L1 % 1 j31331 fEEESE e2 CEEEEEENELE £EEE5ES 58 EEEETCESEERES CEEETEEEEcE CEEEEEEqEq
mhonh S 9L LISt nh SSS §56 SE58% FEEEE fif 2z e IO eI ErErEUaEIEaeEees £TELE fEEEELEE
#h n S LeeR L S LA 1 S5 pp  ESESES fEEEFEE (133t i iR A1 Ad i 414 R33 RS 4SSN A SRR ARRAARY SEE6€6€ TEEEEERES
® bhp S9 LLL 99 & nonvnn ss 85 p SERESS hobon EEEFEEEEREREEEREqey EEEEEEE CEFEERETRNEEFLLs SETEEEEEEEREONERETEEEREE £06FE reonnuRE
wh bR SS 558 mhRnRon §55555 i € £5 EEEEREREERQES {333 2geede ELELESE fEEEERELS CEEEEEREEEEfEsaaEqeEEnEqEaag nhannnn £
nhnnonhh nonnnn §555855 Wh § 2232 31 £EE5 fff £5€ eae CEEEEEECE TEESEE CIEErEREEeaEaEEeaEEEEnaqeeae nhnnon ££8
wonhh 555555 non 111 555 n £f 222 CiEEEEEEEEEREREREnenet £EEEEEEE £EEEEEEEE ez EEEEEEEE EEEENEENES (1334 nhebhweRn €
S nwennb  SS 555 5S § n g EEEREEfEEES CEEEErEPEEaEaEIEreEaaaanense eez £f £5 EEEEREREES £488 i€
s LA 555555558 555558 S5 hh €5 fE5€ 331 TEECENEESE £EEEEESE a2 iff £15€ £EEE5E fEECEQLELLES fEEEfESEEEnaee
ss 65555585 655555555555 ph EEEEEEREfLf £E€5 EELESE £E6ETEE (EEEEIREEEEeess L €5 f311
SS Ss S5 999999 S5 hbv CEEEEEENEENENEqss £EEEET EEEETEES onn EEEERES LLLER Y L L5%
natubnt S 99 9 & § 9 ULLLL 99 S "obonbohb £ELELE gzeze e22 £EE  mhownnn €% €98 €% £ v ng2iooo n £
hn nh S 9 LLLL 99 S8 9 LL 95 w €58 LI LAg 5 e2ae 22zazez? £ hemeRp 2 £58  £1f € nSS e 000 @ i
nhonhe S 9 L LL 99 999 LLLL 99 SS P  EEEEE bonh EEEEEEENEEREEqNEee 2zeaze a2azeee £ memnhn & 22222 558 € wome € 2 2% L £
rhnbtn S 9 LLLLLLLL LLL 889 @8F L 9 &S P {331 fITEREEEET e 2eeeeae CEEEEEREL 31 nhnnh £5  22222¢ CEEECEREEEss neonn S5 9 LLLLL SPE
nhonern S 9 LLlLLLL @9 88 L 9 & h K£EEf% {3113 ig 22ezzae ££5¢€ fEEEEE 111133 €5 CEEEREEENELE Lid L L] UL %1
whonnn 11 999 LLL LiL 99 85 ¥ (%Y TEEEEE FEEEC 13337 LE8EE fEREEEEEESE fEEENEEL o LLL] (383319
nhnnnenbbh ' 58885 999999999 585 LA CiEEEEErEEEETERTEEEEEquEReeae ge CEEREENE 222 EEEEEESE £EECEE . mow LI 1 1341
neowuRRbnbbbh S5 99 LiL 99 55555 hon 21 ji3141 fEEEf fRf% 2222 FTEEEESE £E5E8E £ff tov nn EEEEERES
phunnnh 5SS 99 LU 4L 99 555§ LLAL R LEEEEEEEEE {38444 2azeeeee CEECETEEOEREaaenes £EEEE  RE€f e2zee £ nhonnbp LEREE
L S wn 55 89 LLLlLLLL 99 SSS nwwehohb fEEEEEENENE 222 £% FEEEEEEE 888 £f eaeaezae £E5€ £EE8458
68.95 7Ob S 99 99999999999999 sS non EEEETEEESE £558 EEEEREREENE £5€ £t edaeze? £1E8E EEEEEEEENENECE
gL & S 9999999 S5556555555556555 Ph £ERE1€ €565 EEEELRELE j31 e S55 £5€ 2222222 fEEEEEE
11 9999999999 SS nhnnh §S nh  EEEEES rhubhbRhhOn j331 £15€ 2zeee EEEEEELEE fLE5 a2 ££5% £958° .22222222 fEEE j33333 L
5§ 9999 9999 &5 nohnn L0 fLEEEELE LA g LEEEREEREREaes 2222222222 [ 3411 fEELE j11%% £E5§ 222222 ii rnwnuwhEmRRwOOER
9 98 @88 L 99 858§ hobnh CEEEREREEEE £EEE g2e2zezzezeed % LEEREEEEREEENeEns 5% cedee £L onhw
si 68 9 S whhnhonRRRRRRORRRRObOOY [ 4341 nhuonbh ffg ge2e2zgereezeer £55 (133331 £ £15 ezaee £ om L
1131 L] 111 bk S5& bbb £EE ez2aezeer EEEEEEEERLE nonobn £E58 £E nw Lo
EEFEEENFES 2zz2e2 j112141 bhhobbhnUOREREY non ETEEEEEEE non nhnh

@ n N

22
(4

i

22
22
22
a2
22
2

2
2

11 ezeaee 222222 j1331 a2
1

£

2

[4
2

2
2
4

R R L R B P L L g T T A R R R AR AR AR AR AR AR d it et R AR A b

L e ok o G PP P S P P R

Figure 23

O R o R R N R R R R I AR R

Rawlins Quadrangle-Uranium Pseudo - Contour Map*



RAWLINS

oooooooo+++oo+ooyoooo9’+oo*o+o4o+’oo+++o+4¢o++++e+c+q+;oooooooooooo¢o4¢oo;+o¢o+*+o;++~+oooooo»oo.ooo;oooooo&o;+~+++o+o¢o++¢+o‘ooosoooooo++o++++ooo+ooooo¢oo¢+4¢o¢oo§o¢o¢ooooo R Y T
££88 2e “ 00000 ﬂ—_ua_nﬂ-ﬁﬁn-ud“ﬂd__—ﬁuﬂuaq—__—-add ISR RARRRE AR AR RRASAE gooo00
fEE8 2z It it egazeee T T R3] 000000000000 TVITTTTTI111T oo000 T
£€ 22 1nRpvey 222222eeeeee? 1111 000 11 111 0000 11 00000000000000 v a2 m L}
wh £ 22 it 22 eeed 111 00000000 31 2222 11 000 000000000000000000 000000000 1 2 € M
nh §L e gee iff 22 11 0000000000 311 11 0000000000000000000000000000000 00000000000000 17T 2 T 1
CEEEESeEEgERRfainsee 2ae2 1185 00000000000000 0000000000000000000000000000000 00000000000000000 L
LEEEEEEE TEERELE eee 1 00000000000000000 00000000000000000000000000000000000000000000 000 ]
£E5EE zzeee j 3331 2eaeaazee i
2¢ S5 2222e iEffEsL 222 ee i
1 222 ezze gEEEEEE 2e 2egeeze i
]
i

O
ohpnha nnaaancuaoaoaooaao_mn o
8 L9 0000000000000000 1 22 £ L]
L 98e8 £2 0000000000000000 §1 2 §5 b

LiLLll s 000000000000000000 2 0
kbl €€ & 1 000000000000000000000 2 €0

22 1 000000000000000000000000000 12 §
00000000000000 0000000000000000000000000000000000000000 ] 00000000 T T 0000000000000000000000000000% 2
ooooo000000000 0000000000000000000000000000000000000 FVETE 00000000000000 000000000000000000000000000001 L]

00000000000 T¥TTITT 0000000000000000000000000000000000000 1% I 00000000000007T £ £2100000000000000000000000012

11 00000000 17 11 0000000000000000000000000000000000000 T 2 22 100000000000 £ 9 669 SET000000000000000000000001%

T11 000000000 F¥T1 00000000000000000000000000000000000000 ¥ 22 22 10000000000072€ L L § 2 00000000000000000000000 1

11 00000000000 000000000000000000000000000000000000000 T 22 22 1 000000000 1 222222 11 00000000000000000000000000 1%

F oo

N

22ee £58L @22 eze ee

-

11
] da2zeazezeqe 22 fEfEL 2 11
] 222 eee 1t
I 111 00000000000 11 0000000000000000000000000000000000000000 | 2222 1000000001 €5 £ 2 000000000000000000000000000000 1
11 eaeeee fresin o000 FEFET  0000000000000000000000000000000000000000 1 1 000000012 r ® 2100000000000000000000000000000 1
i 2222222¢222@e22azee 111 11 T 00000 11 111 00000000000000000000000000000000000 1111 0000000 1 2 € 2 1 00000000000000000000000000000 1
eee zaz it 222222 gz2ez 111 111y 1
ee 2gadeedaeeeeaeedzaz 111

_

_ coooa_ﬁ —_aaooaaoeoooeooooaoooooooooaoooaoauuaauo cooooooooo ooooooenocooeoeacooeooaoonaaoeaanoo

0000000 1 2222 | 0000000000 000000000000000000000000000000 TEEIEET  00000000000000000000000000000000000000000000

€% bbb £58 . dde 22e2ezezdaqeae 22 1 0000000 1% 1 00000000000000000000000000000000000000000000 T1 T1 000000000000000000000000000000000000000000

£ LLLLE £g g2e2e 22222 ggazeeezde It 0 11 11 000000000000000000000000000000000000000000000000 T i 00000000000000000000000000000000000000000

fEEeEes eee eee éaeeed 14 11 11 000000000000000000000000000000000000000000000000000 TrrtIt 00000000000000000000000000000000000000000000

£E5 cazed gdeeezegeear 11 1111111 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

£5 2g2e2eeeeadeezeeae 2222222222222 11 0000 1 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

ezee 2z2zeazzee i TITTITT  000000000000000000000000000000000000000000000 000000000000 TET 000000000000000000000000000000000000

2222z 13421 a2 eeaeee 1 (AR SRR11 00000000000000000000000000000000000000000000000000000000000 I 0000000000000000000000000000000000000

feedee ez Il i feeeee gaee 2 1 1 Tt 0000000000000000000000000000000000000000000000000000000000000 0000000000000000000000000000000000000

I eee 222 e £t 22 11 00000000000000000000000000000000000000000000000000000000 FETTTT 00000000000000000000000000000000000

£% fEE8E £ 22 I I gazae 2gaeeeeee it £€ 2 71 000000000000000000000000000000000000000000000000000000 122 2 1 0000000000000000000000000000000 1
£95€8 £t e i 2

e fEREEEEEQEE (44 eze £58 eee ]

2 fEEEERECES 222edazeaezedeeedee |

LiEE fERE€ 2z2zee “

]

I

sixii Nm_ mmm “ 0000000000000000000000000000000000000000000000000000000 2% £ 00000000000000000000000000000 it
1SR AR A S ]

it 00 LARE]

1A 000000 133

0000000000000000000
00000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000 11 222

e tiete 000000000000000000000000000000000000000000000000000000000000000000000000000000000 T1 22ze

000000000000000000000000000000000000000000000000000 £ op 100000000000000000000000000 FFETS
BT 000000000000000000000000000000000000000000000000 2 ShE2 000000000000000000000000 133
P11 00000000000000000000000000000000000000000000000 S S PE 00000000000000000000000000 11 22

00000000000000000000000000000000000000000000000000000 §1 0000000000000000000000000000 TT 22 ¢

1
1
1

*

.

L]

L

+

+

*

+

+

+

+

+

+

.

+

+

*

+

+

*

+

+

+

.

.

+

*

+*

*

+

.

+

+ f165€ 22ezaeeeeezezzazazae 11

+ £E868¢ 222ezzzae gezzz 11l

+ fE5€ 222zzeezeee 1

+ LLLEL £E5€ 222eaazzzzzezzzze 231 TUvTITIL 000000000c00000000000000000000000000000000000000000000 11t 000000000000
+ hone 198 222 1111111 22z22e 1 0000 11 124 00000000000000000000000000000000000000000000000000000 ¢ 22222 | 000000000000 1
+ L1 nhon £f 22 11ttt TIT131 22 €€ 2 1 0000000 1 222 It 000000000000000000000000000000000000000000000000000F £ pPh €2 00000000000 133
+ voRppheor € 22 1110 2 g2 2 1 00000000 1 22222 1111 00000000000000000000000000000000 EEREFLE T 2% nebn g2 0000000000 18911
+ nobbh bbb §1 a2 22222222 geazez 11 00000000 1 22 I} 000000000000000000000000000 2 € g 22 11 000000000 I
+ s 0 ko € 22 222g2g2222222 111 00000000 11 TI1 222222 11 00000000000000000000000000 12€ & S h €2 § 00000000 00000000 000
* s nn L] mw £ 22 ezee 22 1 000000000000 11 2222222 FT 0000000000000000000000000001 PSS 7 21 0000000 11 f2z22e IT 000000000000
+ S whmmonn  whw £ 22 2222 22 1 0000000000000 1§ 222222 TITT 0000000000000000000000000 1 2 € 22 1 0000 11 222 22 1 00000000000
+ 9 §55 mpem  SEE 22 1 1 2222 22 100000000000000 % T Tt 000000000000000000000  FTTTIRTIITTRINRTENILLL g2de 222 11 00000000000000
* L 9 S5 ntm €f g2z trrer 222zzz tl 000000000000 ' 2 €€ 2 1 000 o0oo0o00 0000000000 11 i1 222ezzeee 222 11 Q0000000000000
* 8L 9 6SS5S nh g£f 222 I} 222222 1 00000000IEE » n 2 1% T 1 i1 000000 11} 2z222z2z2222 222 11 000000000000000
+ L9 sS nen £ 22 1t 191 222 222 1 o000000OT 2 f € 2 11 1333335 iy 2222222 VVITRRRNNELLRD 1} ez222T3ee 22 1 000000000000000
+ 68 9 S n £55 222 11y 182011 2222222 2222g2  ITIT  TIRRBRRRING 222222222222 11 0000QOO0COO0 | 22 22 1 00000000000000000
+ eL 9 S non £5€ 22 TITRRRIRRRGNY gzicedeeazezeerezear T 22222222222222222 222 1 0000000000 LIRS 8 €€ 22 1 000000000000000000
+ 49 S hobpn €5 2222 2222222222222 ge2ez  111MttT gReEz_zea:? 22222222 FERERETE 28 5% €€ 22 1 000000 0000000
+ 9L 9 S pp £EE8S% 2222ezez2ze A2 21 g2z 222 1t 11 22222222 2z2 £ 22z 2222 fEE€fEL 22  LPITRNRNEVENND 000000
+ L9 5 0 £ 22222222222 e2z2zaz g2z 11t P 2ez 2eee 22z2e €5 hr €€ 22 111 22 gEER€ER 22 it ining 11 00000
+ FITEY  2@eReree. 11 11 2222 £EE  bonembhbmn £€ 222 22 fELLfff 22 1110 TREEEEET 000
+ 99 & £ 22 1] 2 ELEEES€E 2 JIRY @ €g€gf 22 1V I 22222222 fEEEL66E ££L  bnobnbnn £€£f 22222 222222 11 000000000 FETTLIL 000
+ L L RS-t TR g¢ SEISENSE 22 11V 2 f% €€ 2 11 000 11t 22 EETESEEEE€S SELLECES L5 CEEEEEC 2 1 000000000 TTIT o000
. 133
+ it
.

.

.

+

.

+*

+

+

+

.

+

+

+

+

+

+

+

+

*

*

+

+

+

.

.

*

+

*

+

+

+

+

+

*

+

+

.

+

Ld

Epeppe

9.5 K EE AN 2R j311 (14

9 85 ®p § 2222222222  %ESfif 22 I 2 §£8£88 22 11 00000 11 22 fEff fEEfETEEECEEE0EE £n 9 LLL9S £ 2 f££% £€£€ 2 11 0000000000 000000
9§ b §5 2zE? 2222 22 11 22ezeze@eR 11 1 2ezzzzee 22222222  fEEfELf 2 2E0 96 8L 2222 €5f 2 11 00000000000000000000000
sSn § z2eze e2eezeeeeedee? 2ezzzaeedee 2z22zz =2ez2eR? 22222 22222 ®#22 111 11 2% S 9 § § @22 §f 22 1000000000000000000000000000

LI 2zezzee 22e2222e222222222 2227222222222 2R e 1431 gezgeeeee 22zzzzazezz  \1VI11l  22222R22RER P 1 £ 10000000000000000000000000000
LET I 1+ geez It 2zee 222 222222222222 113328331 22rz2ee 22z22eezz 1INl 22 22 11 1 2 € mb £2710000000000000 000000000000

#h SE£€ 22z 1TIRRIY 2222 2azz2 [RRE30001 ezee 1t 0000000 T 22222 gezazzzzee 22 f£ff 2 10 1 2§ € 2100000000000 00000000000

mr SEE  @E2 Tt 11 22222 22222Reeee It 134 T 00000000000 T 2222 §§I1  2@@eeR fEL58 22 22 £ €€ 21 0000000000 0000000000000

(113 2222 11548141 2222 22 11 o0 11 22 TEET 000000000 Tt 133 11 22 ssegefgeg @222 222 €€ 22 1 0000000 000000000000

22 111 222zR2R22R 222 GESEE€L 2 7 oooo00 1 222 TERRRRRLRERRRRERTLRtLIILY 00000 11 22 ffff 22 11t TTIRRNENNL 0000000
1 0000000 11 22 2z2a2 222 £€5 22 T 0000000 1 22222  VUREEREEETENET  TRERINGL 00000000 11 222 g2z 111 00000000000 TILERRTRRRLL 0000
1 111 222222222 133 22zzeezazed 11 o0 11 222 2222 TELRETLERR LUt LEe s anuTteses 000 11 22 222 111 00000000000000 ¥1 TIit 133311

222222 : 22222  1ILIRRIY 2eaae [R33333 41 g2ezeezeae  TRTURVRNEDIRETERERLLLTLLLL 11 2222222 111111 00000000000 1 222222 11 EEEET  BRTL

TTEERE  22aeeee 1 FRRRRNY 222 2222  tvRGRRRTORNLM 1A34 TITTT 000000000 T 2 € 2 CRPROTERTEDLR

2222 1111 222222e2e 2zzee 22z 11t Ty 22 2ee 1t TIEIRITITITELN 11 000000 ¥ 2§ €5 2§ 000000

2 221 1122 2eezzeeae gEfELf 22 11 T 22 22 1iries 1383 111 00000 0000 1 2 €5 € 2 1 000 12 £ pp  §2 11
£ £ 1 000000 12 £E555% 22 22 €L mp S5 2 (1 1oz 22 IRTITRLIRGY 11 11 0000000 00000 12 © S5 pE2 000 12 S » £ TETRTREENEEIL 0000
pr € ] 00000 1 g5 €& 22 22 €t £€ 22 11 0000 1V 22 22 TITITRERET 00000 1% 11 000000 RVTNNY 112 £ 0 n 21000000 1 2 2z FEIE 22 11 000
£f 22 11 22 €f g5 22  2zeee? 2e2 221 P2 22 11ititen 0000  TTITIT 0000000000 00000 1 22 2 1 0o0o00000000000000 T1 222222 T 000
122 22 TETRRILERNY 1111 00000000000000000000 1 2 CEEET 2 § 000000000000 §11
T 2ezeEe 1111 ittt 0000000000000000 ¥ € ® £ 2§ 000000 111 E¥1 000000

n

L3 2zzee 2ezaee ity 22 22t
nnn mmmﬂﬂu—_nn mmm mmm
=
n

"“ 22z2e 1 0000
141 22222222 128320} 22 2za2zz2zzzae 151

i

i

11t ARSI RARRS 00000000 11 T11 0000 11 22222222 It 0000000000
AR ARARRRRRA RS RE ! 00000000000000000000 11 (4 I1 00000000000
1 ezzze 11 000000000000000 11 22222 1 00000000000000000
000000000 ¥ 2 € meep € 21 0000000000000 I 22 2 1 000000000000000000

+

+

+

+

+

-

+

3

.

+

+

*

+

*

+

)

*

)

'Y

+*

'Y

.

+

+

+

L]

+

+

+

+

*

*

3

.

*

+

*

.

3

L]

+

.

)

*

*

+

)

*

+

+

+

*

'Y

+

+*

*

*

+

*

*

+

*

+

*

+

3

L]

*

*

+

+

.

*

€1 222222222 1Tivts 2zeae 222222322 138884841 +
"
.
oo I §» s § g21000000000000000 IARASARENAY 000000000000000000 +
.
4
.
+
L]
L
+
+
L
+
*
*
»
+
+
«
s
+
+
*
*
.
+
*
+
*
.
+
*
*
*
+
+
+
+
+
+
+
.
+
+
*
+
*
+
»
*
3
3
+
+
+
+
.
.
*
*
+
L
)
+
.
*
*
+
3
L]
.
*
+
'3
*
.
*
*
*
+
+
+

h €% 22222222222 f2a2e e22  TIIINNen
{331 22222222222222222 22zze 2zzazz
33 ERY 2gaeae 2222222222222 2222
1131 2z2zz 2222222222222
CEEEEEfee 222 eza2e 2222222222
fL% £f 22 it 22eeeze dz2eceredede
fig £ 2 g2eze g2ezzeee 1 2z22zzzedzeee
5 £f 2 111 @22 &5 €% @ ez 22z 11ttt ze2TRR2RR
£i85L 222 22 Lf mnbh g5 @ eZ §f £f 22 111 T ee eee 1 000000000000000000000000000000000000000000000000000 TEE
if 2z22egeee £ n €€ 22222 €1 nmep € 22 111 P11 2z2eezer 11t It 22 if fig 22 1t 000000000000000000000000000000000000000000 1§ 2zze
€5 222 222 f£fs§ feeEEqEEnenfesgy 22¢ 38300108 TITIIT1Y 22 €€ £€ 22 11 00000000000000000000000000000000000000000 1 2 £ Pn €5 22 11111}
2 it €51 222e22ez2eee gzaee Bit s TIRRIIIRIITLY 22 ge€€€ 22 101 0000000000000000000000000000000000000000 § 2 £5 €£f 22 1111118
111t 222 2ez2ezzee gezee 2ze ! i Tritittneg 2eaze 222 17 000000000000000000000000000000000000000 15t 11
i1 g2ezee I ez 222 ISR R RN AT 22222222 11 0000000000000000000000000000000000000 1] 22z2e2e
I 222 22 111IIY @2 zee
f 3347 € 1338011 22eee 13 14 22 111
LLL LL I 4 ({4 i 133 11t g2 w2z it
§5885 b € 2222222 1 0 11 2222 11111 22eeeee
S nh KEE% ez 13 It 2 2g2zeeze
S n EEfEL £ eI 111 22 222aeezee 131
ph §8558E b S p E 2 18 t1: 22 geae Lreees
S n £5 S5 o00 o £ 2 B 11 2e2ez zez22e AR R
whuh g€ 22 1101 nIng 2222z [RARAR R Tikien
£ hog 2 TRt fEnes 2ee 2z 122001 eezaz 123} 1
i T 2222222282227 it
2ze ez2ez Treruit 11t 1 111
2zzeeeee g22z2ezazeeae ez2ezeeee Tt (1828 m

eI o2 s ££2 1 0000000000000000000000000 000000000000000
11 FERREIT  000000000000000000000000000000 FTET 0000000000000
1 00000000000000000 00000000000000 11 00000000
1t 000000000000000000000000000000000000000000 133222441 0
i 0000000000000000000000000000 0000000000000000000 1t

o

~N
~N
~N
~
~N
~N
-
-

TRRRRBUBTTRRTITLINLT 11111 22z222 it 00000000000000000000000000000 TETTIRY 000000 1T 222222222
RE5 055 . j g 3 SRR 3 (RN | T _ . I} 000000000p0000000000000000Q FERRBRBRRRBTLETIY . 2a’2adezeee
1it 2eeezz 11 1t 222222 22g2222 11 000000000 0000000000000 |33 aaeee aeee ]
11 egazzzaz 111 1T 22 222222z 22 1 00000000 11 00000000000 TTITET 1y 22 ezt
T @222gEe 1t Pl 2 EEfEES 222222 22 1 0000000000 00000 TEETIRIL (4 Tt T G T !
gezeaze 11 1 2 g€pb ph § 22 2222222 11 000000 11 1t e t44 2ee
1 00000 1 T if 2ee zage 1111 TETRTILTIRTLL 0000 TET TRLRT 111
1 0000000 1 222222 TETTRRTRTIRTTLLIL 11 0000000 000 12280000001
1 00 11 TLRTLELLL g2 §£f€ 22 1 000000 1TITITELETIL 111
SRR RRSAI TIBITIT 22 ff £ 21 00000 1% 22222 11 000000 11
222222222222222222222 TETRETTITTT 22 €65 2 1 0000000 11 222222 1 00000000 11
11 e2zee 22222222 Trrtet 11 22 22 1 00000000 11 2222 11 00000000 1
111 222 eee TERRRRRRERITRLTITLLY eeeeg 11 0000000 1T It 0000000
2zazeee 2ee 5% 222azedeeezeerede 2e2 2zeze 111t 111t 22zz22eez2e 1 00000000 KTF 15881 ooo00 1
] o0oo0 Tees ity 000000 11
AT 3TN TIT 0000000 11 2
11 e2azezeaze 11 000000 1
1
1

2ze 222 gi8f fif  @2ez2eae 22zeedezeeeazde eezeereeeeaer 2ggeezeeee TIRRTTTRRITIRTTET e2ezzzae 1 2
i a2 ege  fff fRf @22z a2 2zeeeezee 22e2e22eageeeezeee 22zee 22ezze 22eee 111 a2eeae 1
it 22g2e2eeee dzazeeeeede geeeee 2zaeaee 2222 2gaeze 22222z i 222
2ezeaezeeae ZJZdezeee  2z22zeeerezee 2zazae 1 2egezee ezez 2222222222 ez 22 11
£ gzaae 222222222 22222222 2222z22ede¢A 11

1
1111 i
j331 ezzzazreee 2zezee Jaezezeeeeeereae 1

a

_—uuﬂnﬂu» Nmmm Nmm _—n“__u mmnnnn nnnmm __—ﬂ__ """-«mm NNm __

Trrinnt 2zzzee 22 vz b £ 22 1IN e 2z22e2
f1E5E 2222z2ecedazeadzecede d2azzzazaee 22zz2zazzazaze ea2ze TEEEfE 22 & € momnh £ 222 2222222222 2zezaz

S r LERLS 2ze 222 SEfEfRfifEs 22 |

124 d222 22222P22R2222¢2z2zeRe2eee  2eRTed@eledzaeee 222 it ff 222222222222222@2222e22e2¢2 2222222 i
9 i 2222 22 15 hemmbp ST 2 100

eeR 2ezze 22222 2222222222222222222 fEECEEEE  22222222222227 2zazzz 222
9 n SEEESES fEEEEERES nhnbbhhh £ 2 13283341 22222 222z2e2zzzazeree £ 2222 22 it g% 22
L 9sS nhbhonbbbbbbbboeber £ 2 1 00 133 22ezezeee 22e2  22ezeeeree CEEEEEEE 222222222222 i3 3141 2
88 LL 99 85§ 6656665 n g 22 11 11 g2eze2 2z22zzzeeze TIERRLL mNNNNNNNNNNNNMmmmmm SiciesERiE
9E9EeEE LL 9 S hwomononw SS555565585 nw  fT 22 11 ga2ezzeareze? 22zezzzzz 11LLifndl 22222222222:2222 j13141
‘ A # 11y 2e22 ezae 22222 ceezeee 2ge2e2e  SfEELLifEL 22
1

LL 9 S nwepbpn SSS §S b EEEEET £5f @ T
4L LLLLLLL 999 65555558 hh  EREE€ if e 11 222 eeeze 1 it 2zzeeee 11 2 222 SEEEEECE 22222 it if 22

*

+

+

*

+

L]

+

+

L]

*

Ll

+*

*

L]

L3

L

+

+

*

+

+

*

*

+

+ 988 6666 66 89 L 9 S thownmenhbnnbonpn S 22 11 13 aeazeezede I 000000000 | 2222222222 22222  fEEsEffEfEief £EE £ 21
. L] 6 9L 95 P h s ss mEg e 11 111 2222222722222 g2 [ 000000000 Tt 2ée CEECEEEEQEEE f£ER458 ifL 22

* 88 66b 6 9L 9SNNS 9| L9 mng 2 Teineeey 222 2z 1t 00000000 1§ 2zzeee ezee EEEEEEEE CEEESEEELES gz
+ 1] bobbbbELE 8R4l 85 § 9| Lesr § 222 13338 22z22222222222227@2 11 000000000 11 2222 eZe [EfELEff fEEEE SE6€K

* bbbbbbbbE b ¥ UL 9999 §ss mm £f 22 12831 f222z2ezzee Tt 0000000000 111 ez fE886EE (3334 ££E 2
+ bé 66 66 89 LiL 99 §5555588 mh § 22 i 1 2ezzazzze T 000000000000 it 22ze £EE8€ f£518 £f @
+ L] 66 66 8 L by ) 99 S5 v £ 22 1 1 eeze 22z2e 11 000000000 TV 22 g22zeezeee eee £EEEEEEEE

+ bbe b6 6 L 9999 L8 eb @ L 55 hhp  E6E 222 1 [-14 2aze 1 000 1 22 2222 e2eaaze fEE8E 2zeezedee

* bbbbEs 6 9L 9999 86 @L95 b SEESEEESE 222 1 2e22zeaezezaeaeededeedeaee TRRRRIRITNT gezaeaeeaezee égegacegedeee

* (11 6 49994 & L] ng 22222222 eeee Tt 2ezee gzez?  2eeeeeeRe 11 11t g¢2ezaedeed 222zzzzazae e2e

* bbb 4,999 “§ 6gL9snEE 2222 22222222222R2222222 eaaea a2z 22 TRIRERRTL egaezze 2222 f§iSEEfSE 22222

* b6 68 L LB 8L € €z 222zevee fzezzeeeeee aeeeee 22g2eegeaeeeerae FETEE TTEE 22 £%  mwebob §5 22222 £
* 8 26 Snf 2222 fEESE 222eezzee aee PRETRETRT gezezeaereee ézzzeaz TEEIET 11931 22 if EEEENEENEEE
* bbbbb 6@l9 f§22 2¥ fEEf€ff 2zezeze 222 222222222@22d2eqeeezaeaeae Ti1et aee if TEf
hd 22 22 SEEEEEEELLEf egzzae I
* 9 2 g fiff fEEEEEE 2aezeee 11
* g sh 2 11 22 £f j33 441 22ez2 Tt
* @ mgz 22 L o if 2222  fEfiff zee

*

+

+

+

+

+

L]

+

+

+

*

L

.

*

*

+

+

L]

-

*

+

1 22zeee cez2zzezeaee 1 ageR £1 oop won £
Prieees o222 € P 6555 M E?
TIVRRRRRTRETLNY az2ee £t bubwbr £ 2
IAASAARARRRARY geeee f5€ £E58 L4
6898 f£f §ff fEfE ffifffese 2e? 22ageeeee aeee SEETEEEEEETEEEE it
68 9 § web jiiiigidd414 37141 aeee eez f§ whr £% 22 22 ffffQfg @&z (it £ bohbnh S5
(1] 684 99 1T fif 2eazaee 2zageeeee 22 S hp & PE 2 TIET 22 gf€ 117 rehenrbhnn €58 22
L] & S honbn §§ rp i€ geceeazeazaze 22e222222zeee222 £ © S w1} i1 22 ££EC Mop GS585SSS hh £§ 22EeE
L] 95 f555 @ h f _22222:2222222222222 e2eze 2222 € hh SS £2 00000 11 22222222 £ rs 9 9S5hn ee @22z
Lm g £ nrhbvbh £6F 2azz2z22eeee FEECEETEECCE €5 oy L] T 00000 1 222222 2L NS Y L 9§ £ 222 1
2zzezzee 22 SE 0 S 99999 & m §% gL 0
22e22ee2e? fL NS 99 99 S m REREE P

L]

L] 8s¢ £f fEEENEEEENEE gzeeeezeee £ om nhhr EEEEEE P £ 21 000 -"

. 1t ezzeee £ #5941 LLY U no S
I

9s EEEfIEEEEEaEEERaeaeErese {119 LAl Lidd fEEEEEQECEEE 2 11
(11} 684 9 S5 b £EEEE CEEEREEEITLNT TEEEEE LEEEEEEEEE 22 11iMY
L1 6 9 L 999 & M j133% TEEFEREESE narnnh €1 éeee £15 £€£f 2 titoet
6 8 L9 68655 L SEEEES6E CREREESET mhomhmnw § 22 22z gt whmmR £ 2 11 1t 22 2aze 2 9 LIk 99 11
49 8§ L4 | #h fRfE nhoh (3114 hohoh € 222ed? {131 £, e 13 11 zee eeae 222 €5 0 SS §55S
22 1 Iry ee? eze2ezezze £t nn nhnnn S

g2zezzezaazeazae I 9L L9 5sS S

6 8L 9 SS nohhhooUnbRRRR whbb  whbbn CEETIEEESENENEEE 1
68 L 9 SSS nohhhonbn LLL] §§s bn § 222222 % g 222 sagff T 1 |l £E5€ 2222222222222 if mm  &SS
68 9 & tepbbhotbhanhhohnhy whbh GGSSSES v f£§ 22 2 §f € @2 222 guEes T ¢ 11 22 SEEESfLS b1+ e¢ g1 h S8S
11881 2eEe fETEEEEE g2 11T 285 nS 9Ll Lid
6 @ FEUEDRURINNLL 22 fggf 22 11 Te2  SEff eee 22 £ 9L @ eee L
L] g 965 9999 § ® 1% [ 431 {111 % tp SSSSE b if 2@ Tite 13141 ez 222 22e £EERERE &2 e2aedaeezee 2 ns9 # 88 4
11 is L np ph £ £ P S 999 6 0 £ B2 5T 2 1VITIT Trreet 2zzae f£E£€ €£€8 2222222222222z I1il 2 9L 88988 L
2 € hobn £ 2 Titl I 0ooo T 2 £15 £ hn hho £€ 222222 €% wp S 9 LLLliidld
P A g T T T L Yy T L L L S R A A I AL s

hoh S6588 b T 22 gzedezezeeeeee 22 1

68 LS
2L § f% FEEEESEE  €ESC vh SRS bH € 2 111

Rawlins Quadrangle-Thorium Pseudo - Contour Man*

Figure 24



RAWLINS

ctf'to‘oo%i&ftb“‘.to++o+00000+t000'+f.0iii00tt1‘0000400000.000000000000040000000.0000900.90*&0‘9‘00

+
+
.
+
.
.
+
+
+
+
+*
.
.
*
*
»
+
.
*
.
*
.
*
*
.
.
.
*
*
*
*
*
+
+
+
.
+
*
.
*
+
*
+
+
*
&
+
+
+
*
*
+
»
+
+
.
*
*
+
+
*
+
»
+
.
L]
)
+
+
+
.
0
+
+
*
+
+
+
.
*
+
*
+
*
+
.
*
»
.
*
+
L
.
+
.
)
+
.
.
.
.
.
.
*
+
*
*
*
*
.
*
+
.
»
*
*
L]
*
.
.
L4
.
+
.
*
*
+
*
L}
*
*
+
+
.

*
L]
+
+
Y
+
*
+
.
*
*
+
+
L]
+
+
+
+
*
L
N
»
*
.
+*

9999999999999999 999999 9999 | @@ 888 Litttee 99999999999
““a uu““”oaoauuao a”“u““““““ Mh “" (1T Litidit 999999999999 §665555565555 sS85 99 999 &5 L] SS555566  mh
8eew LLLLLL 99999999999 655656556555 §S5§§ 99 LLLLLL 9 S M § 9999999 S&§ L4
99 99995 9999 9999999 L. 888 @998 LLteee 9999999999 SG5556S55556  SSSS 99 LLLLLL 9 S P nh S5 9999 555
99 99999 99999 999999 LL 88 LEEEL] LLLLL 9999999959 5555555555555558555 99 tL 98P & 2 £ mSS 9999999 55
9 99999 9999999 9999999 LL BUBEEER9ES LilLL 9999999999 $5555555555555555 99999 §865% 99999 £
999 9999999 99999999999999999 (. ©988889869 LiLid 999999999 S5556555555555 999999 © n 9g 8 shon 99999 5§
999999999999 99999999999999 (L 99898veeees LLLeee 99999999 SS55556555555 99 9 §n £n9e 9 9999 &g
999999999999 99999999999 [ 999999998009 LLliLLl 99999999 55555555556555 999999 § hg g9 195 nhnn
9999999999999 999999999 L. 90999999989 LLLLiLL 9999999 55555555655555 sS £ 21 Z sis 95r B §
99999999999999 9999999 (L BEFLERERE T 99999999 §56555558555 99  SnE2100000000 n ¢ 195 hmh S
99999999999 999999 LL eeeeeeee LitLliLlL 999999999 999999 §55 §6 9 9 §£1000000001 e 9. 556655
99999999999 999999 LiL 8998999 Libdledeted 999999999999999 995999 &5 nh S h2000000000 hhSsS9 99
999999999 99999 [lLL 9@e98e9 LLLLLLLLLLL 99999999999 LidLl 99 &§ S 9 95h200000000%s sy A L9
999 99999 99999 /L  geegQe LlblidLLiL 999999999999999 Li 999 §55  §§ § 100000 § LR T 8L
999  LLlLL 999 9999 LLL eeee LiblladLie 99999999 9999999 9999 556555  hp If 3 89 M 8 ae
S 9 Ll Li 99 9999 LiL ge8e LELlLdLLLL 99999999999999 9999999999999999% S5 nh 89 & 555 9L I’
S9 LB 666 g8 L 99 SS 9999 Ll Ledldidesbetes 99999999999 9999999999999 S5 br €€ P S L 89 @ L 9 §585 99 LilL 9
s9.8 6 88 L 99 sS 9999 il dbeldliedddeeet 9999999 99999999999 Ss LL] 55 99 Lil 9 &SS58 99 LillLL 9
g o 6 8 L 99 585§ 999 il LTl Lilpliliddededtittids 99999 999999999 (1114 S$ 9 L LL 99 8§ S5 9 L g8 (L 9
9L 8 g8 LL 99 555 9999 Lid 8 LiLliiL ALLLbLLidLLedlLL 9999 99999999999 SSirEEE R D Lgg L9s SS 9 L Ll 99
99 I 288 i 9 5585 99999 LLiL AdLlLibididlibddtiidbtibliLie 999 9999 9999 SS h § 222 £ 89 lilL 99 9999999
999999 LiL Lk 9 §555 99999 L ddddldidddiadiieitds 9999 99999999999 S h § 222 £ h S9 LL B88 LL 999 9999 L
999999999 LLLL 99 558 99999 Lil LlLlllitiiladitediett 99999 99999999999 S h § 2 Eh 9L 8 6666 B8 L 99 9999 L
9999999999 999 99999  Li4 LLlilleddteiiLietie 9959999 999999999999 SS h E£f ET h S9 L 8 66s B L 999 99999 V]
999999999999999999 99999 LiLd ddLlldiidliiiiLiteie 99999999 9999999 999999 S b SEEL 0 S 99 LlLLALLLLLL 999999 id
999999 9999999999 99999  LiLl ddliliaLdLel LLlei 9999999 9999 99999999 SS ph SEE€E v S 9 LLdL LLlLL LiL
99999 99999999 99999 Lid Alddliddiddiediieiiteee 99999 9999999999999 §S hb SREEE W S9 @ 66 QL 9 YV T
99999 999 99999 LiLd ALLLdLlibbdsddaddieL Ll 999999 999y S55 hh EREE M S9L 666 @ L SSS 9 Ll wm®
9999 555 99999 YYY) LLbLLtdedibaditdindddeiLL 999999 55555 99999999 S5 hhp h & 9L B8 L 9 65555 99 LL @8%
9999 555 999999  LililllALLillLLibideddliobLLLLLL 9999999 5555 999999999 S5 nhh nh §5 99999999 99 LL 98 &6
9999 SSS 999999  LLLlLlLlALLlLLLALLLbLLLLLLLLLLLL 9999999 SS55555 99999 S bpp S 9999 585556 9y il 9 &
9999 55555 99999  Llllddadldlidididiiiididittedy 999999999 65555555 99999 &5 S 9 8 6 8L 9 555588§ 9 L 86
99999 65655 99999  LlidldlblililllileddliLiiLed 99999999999 655565565 SSS 9L & 68 L 9 S§S SS 9 LL ®
99999 65565 9999 LbtecddiddddddddbitedeLee 999999999 5555555555 999999 SS§ SS 9 LLLL 9 SS wobhm SS 99 L
99999 §55558 99999 Llbdddlddldddddidbtddden 9999999 114 999999 ¢ hf 222 § L L 9§ nunm  SSS
99999 556558 9999 Llblilibdidddtididiiedl 9999999 s ff iPS9 8 8 L9 S mohR S5 66685
99999 555555 999 Lllibdlitiedladdet 9999999 S8 bh wh 9L @ @ L9 nhmeh  SS 1414
99999 6855558 9999 LLLLLLLLLLLLLL 99999999 65655565556 6§9.L ¢ 8 9 S hhhhh GSSSSSGSS
99999 59855555 999 LALLLLLiLLLL 999999999999 ss SS8655 99 LL 99 § LLLL L 5855
99999 §555565% 999 Lt LiLLitL 999999999999999 9999 99999 9999 55555 55555656555558
99999 5555558 9999 LidlLdLdLiLe 99999999 999999 99999 9999999 999  s§ bhohh  SSS 9999 LiL
99999 555555 999 LL [} Lt 9999999 99999 999 L gee8Ee Ll 999 566§ 55588 99 L B b
99999 555585 999 iL ee e L 99999 99999999 999999 999 L 8 & 68 L 99 §6555655555555555 9 L &
9999 §5555 9999 999 i &g B L 9999999 9999999599 955999 99 L w8 88 LL 999 555555555 9 L g6
9999 6585 9999 99999 Ll 9888 LI 99999999999999999599999999 99999999999999 LéLi 9999999 S555688 S 9 Le
99999 £139 9999 999 [YYFNYRTNS 99999999999999999999999999 9999999999999 99999 558555556 th " S 9 L
99999 1333 99699 99999 99999999999999999999999999 9999999999 999999999999 86588 renh nh s 9L
99999 55885 99999 9999999 999999999999999999999999 999999999 iLlL il 99999999999 SS hon ner S 9 L
99999 99999 99999999999 999999999999999999999595 99999999 4} 8 LLLL 99999 555 mR P S9 LL 88
999999 99999 99999999999999 999999999999999999599999999 94999999 LLLL  @e8R LL 99 SS&  mh IR T 6
9999999 99999 9999999999999999 9999996999999999999999 9999999 LiL 98888 LL 99 §8S nr S 9L 8 68
99999999999999 9999 9999999999999999 9999999999 LLlLl 999999 L B bbbbe 8 LL 9999 555 ne nes LBe
99999999999999 9999 99999999999999999 '3 9999999 LLliLLL 999 LL 8 666 B UL 99999 SSS nn P solge
9999999999999 9999 999999999699999959 LLLLlL 9999999 LLLLLLL LiL iLL 99999 85 mn PSS9 L &
9999999999999 9999 9999999999999999999 LLLlL 9999999 LLLlididded LLlLLLLLLL 99999999 S5 no Ph S 9 L B8 &
9999999999999 99999 999999999999999999 999999 LiLLLddee 99999999999 S ®n bn S 94l &
99999999999999 99999 9999999959999995 9999999 LldLlieeLee 999999999 S5  momophp SS 9 LL @ 6
9999999993999 99999 999999999969999 999999999 LLddllelitiLd 99999999999 ss non r § 9L 96
9999999999999 999999 99999999995999 9999999999 999999999999 §58 ne bh & 9 UL 8%
9999999999999%9 999999 99999999999999 99999999 9999999999999999 S5 nnn nr 85 999
9999999999999 999999 99999999999999 999999999 LLLL 9999999999999999999 8§ wheb S 9 LL 99
99999999999999 99999999 999999999999999 999999999999 LLLLd 99999999999999999 G555 SS 9 UL L
99999999999999 99999999 9999999999999999599999999995999 LLLL 999999999999 665555558555 99 Y3 CEL]
99999999999999 999999999 99999999999999999999999999999 9999999 66655566 999 LLbLdil
9999999999999 999999999 9999999999999999999999999999999 diidd 99999 §55555 9999999999999999999
99999999999999 9999999999 9999999999999999999995999999999995999999999999999999 LLLLLLLL 99999999 99999 55585 999999 55555
9999999999999 99999999 L 999999999999999999999999999999999999999999999999999 LLLLLLLL 9999999999999999999 59555555585 §5555555
i 9999999999999 999999999 LLL 9999999999999999999999999999999999999999599995999 LLLLLLLl 999999999999999999999 555555555555555555 9
i 99999999999999 999999999 Lid 99999999999999999999999999999999599999995999999 Ll 999999999999 99999 5§56
L 9999999999999 999999999 LLLL 999999999999999999996999999999999999999959999 Lid 999999 999999999999999999999999999999999999
i 99999999999999 99999999 FYYYY) 9999999999999999999999999999999999999999999 LLLLLL 999 99999 999 LieLeee 9999999999 L.
L 9999999999999999 999999999 LidiL 99999999999999999999999 9999999999 il 9999999 99 9 L 8899 4L 99999 99999
L 9999999999999999999999999999999 LiLL 99999999999999999999 999999999 999999999 999 99 L LiL 999 11311
L 9999999999999999999999999999999 LLtd 999999999999999999 999999 999999 999 999 LL LL 99 Ss§
i 99999999999999 999999999 LLLL 999999999999999 9999999 999999 999 999 Fo il 99 SS§
L 9999999999999 99999999 LilL 999999999999 999999 995999 999 9999  LLLLLLLL 999 88§
L 9999999999999 99999999 LiLLdL 9999999999 99999999 9999 99999999999999999
L 999999999 999999 LibLiddl 99999 99999999 999 999999 666555 999
L 99999999 99999 LiLliditeLdd 9999999 999 99999 §66555558S 9 /L4
i 99999999 999999 LLLLLLLLLLLL 99999999 9999 885668 999 Ui
999999999 9999999 LiLeesteeLee 99999999999 99999 S 999 4
999999999 999999 LidiLitddees LLLild 99999 9999 §555555555555 99 LiL 8%
& 999999999 9999999 LLlliddLLLLe 99999 9999 S56555555558 9 L 89 66
& 9999999999999999 LLLlLLLLLLLLL 9999999 999999 S56555 99 L 80 &6
L 9999999999999999 LeliiaLLdlLel 9999999999 99999999 999999999 99 Lld 288 o
i 99999999999999 LLLLliLLLdLL 99999999999999 99999999999999999999  SGG5555 999 Ll v ¢
L 99999999999999 LLLiid 9999999999999999999999999999999999 555555555 9 L @ 66
Li 9999999999999 LLLL 9999999999999999999999999999 5858555 9 L 8 &
i 999999999999 Lllasil 9999999999969999 55556555 9 L 8
LiL 999999999999 LLLLLLLLiLiL 9999999999999 66555585 9 L 86
Ll 999999999999999999 LibddLdleLeLeddLde 999999999 §565555656 9 19
LiLL 99999999999999999 ALLLLLALALLLLALLLL . hLiLdd . 99999 999 &SS 85 9 lp &
[YYYNS 9999999999999999 LLLLLLLLLLLLLLLLLLL AdiiliLed 999999999 LliL 99 S555555 9 L 8 66
LiLd 9999999999999999 LlLldLLdLLLddaLiLiLid ddLLidiiLiil il 9999999959999999999949 11 9 L 89 6668
LLLtd 999999999999 LLLLdLLdiLLiLLLes LALLLLLLiLiLLLL LiliLdtLL 9999999 99 'Ll e8ee
LLLLL 999999 LlbllifiddiddLadddeLidls LiLdL LiLL LLLLLLLLLL 999999 999" LiLL
LLLLLLLLLLLLL pspha»thhhphpnnhsrnahhh LiLL L LiLliilL 99999999999999999999 9999 LLLiLLtLL
LelLlidieddeLl ALLALL Ll LLLLLLLLbLLLLLL LiLLdL LLLl LLLL 99999999999999999999999999999 LLitLl
LlLddldlididLiLl Allldddidbedabididddictedididaditt IYYYRYYY) FYYNINNS LiLL 9999999999999999999999999999999
9 AlLLlidLldbdbidLliLtiL LAlLLLLiddLipdbLiabLLadLLLLLL AlLlLdbidbdtetedededtititdiitisy 99999999999999 99999999999999999
1) Lilddidddsdbaddietiitis dbldbiddgdtidatididbataticaiedy LALdLddLisdbelbdbbbdbdbadLdtiLLLL 999999999999 999999999999999999999
L1 ClLlliidoidbdeLdbaLeLite SALLLiladiiladadaddatitaeededd LLLLLLLL Ll baLdedadadideLeLiL 99999995999 9999999999999999999
SR LlbddiddddbdbietdadisdLl LLLLLLLL ALl Ll bbbl Ll lddd b lbd bt bbbl dd il sl ibllibliiilil 9999999999 99999999999999999
2089 Alliddddtddideddtl LLLLLLLLALELLLLLLL Ll Ll bddbdiiodidtiiddidddaddstbiedidiiiiieLLe 99999999999 9999999999999999
28988 LLLLLLLLLLLLLL LLLLLLLLALLLLL Ll lLidilddidddtiddddd LoddLddlbediddattibidisgbiLiiLl 999999999 99999999999999
98% LLliLLLLL LLLLLLLL ULl il ddlddlddibdsddidatetiL ALLLLL il lLlL Ll L LlLLLLLie 999999 9999999999999
L] Litedideede LLldLlilidildddiddititpbadbibdbliadiosLLt Llbedddddditie it ielieieddes 9999999999999
LLldlLLLiLLLL IYYY YA LLLLLLllddidbbddadibtdbidatbetesddedl LLLLLLLL Ll Lt LLLLLLLL 999999999999
Lidldiietdeid LLLlilL LLLLRLLLLd L L il Ll ibdtdLlL segeeee LldLliitLidLtidbeedetLs 99999999999
LLLLLLLLLLLLLL IYYYYY RS Lidbdddtddgldidlbicisbbdbedtdiddidaddtel 899088889 LLlldiidbddedtiseield 99999999999
AbLldddlbLLidiLL LLLLLLLL LLLLLLLLLLALLL Ll L LLidLdeteLll geeseReese ALLliLidddbiddeeeLdd 9999999999
ALLLLLLLLLLLLLL LLLlLLe LLLLdlldpbpdd il idLalLibiLdtatteLs CECEEEETET LblbliddLldiLLLLL 999999999
LLLLLLL LLLLiLLL LLLLLLL LlLALldlidbdddddddddLdigdddLiadLdptbLett eEEEEENET LLLLLLLLLLLLLLLLLLL 99999999
LiLLiL LiLL LLLLLt Qlbddldiddd i dddbiiddbdadliLLLLLL veeRee LLLLLLLLLLLLLLLLLLLLL 999999
LLLLd LLiLL LiLiLL LbbldidldddadibbddtidiiddLidiLLdideaetts (1] LbldbdblLibibliLLleLLLL 99999
YY) LL LiLL Lllidibdddadidlidd il liddidideLielil LlLLlLlllleLdddLbliLLLL 9999
diLid i Lllddidd oLl ld Ll biddddlibidiitinieL LLLLLLLLLiLLLLLiLLiLLLLL 999
LiLLl LllldibiddadedlidddelitdLdabetidLetetet ALLLLLLLLLLLLLLLLLLLLLLL 999
LidLl LLliddbigdiddididibdadodidiiddtedetdedt LlLLLddbLLietdediLee 999
LiLLL Llliddddga dtdbdddddddddidiadlddiaLLLLl CLLLLLLLLLLLLLLLL 99
ALLl LLLLLLLL bl LLL Lot biddiddilliddlLl LLLillpiidLteidl 9
FYYyy] Fapsppppnspﬁhhhhhhhhhnuhhnhhnhhh»hpnssws dllsdidlbLaLiil 9
FYYYY) LLLLLld b ea Ll ldblbdLLdbLildlL CEEEET] LiddLldLLLtiLit 9
LLiLl LdltiddleddadbidatdadadotasatdebgditelL CEEEEEEEEEEEEENPECE T LLLLLLLLLLLLLL 9
LiLd 999 LltleledigipdbiditedddededdedadideddedLiLe 8899908000000 0000EERREEE LALLLlitLdiiLet
LilL 999 LLLLLll b bl bl liddLtaddLLLlLLLLLL CEPECEEEEEEEEFEECEFRECET R LeLddedlddiiLed
Lidld 9999 LllliddddllibliddstiddotaddttaddtLtisedlllL CEEPEEEEEEEEEPERFEEEFCTT ST LLLLLLLLLLLL 9
iiL 9999 LiLLlL Lldpldblitdelisddtdaidadedtid §9809000009900000900GCEEERREEERERER dieleddedeet 99
LiL 9999 LLLLLL ALLLLLLLLALLLdLLLLLLLLL CEEECEREPEEEEEEEEFEEFEE TP T LLLLLLLLLLLL 99
iLL 9999 LiLLl LlbdLddadbtadidaddtLed CEEEEEEEEEEEEEEEEFEFEETEFEE T Lidisedirepte 99
Lid 9999 LLiLL LlLdLidiLededadtdte 96890098000 000008 BEEGRORREREREER dLlediliatil 99
Lilil 9999 LLddLL ALliliddaddidstdtd CEEEEEEEEECEEEEEET] CECETEECETETETT LLLLLLLLLLL 9
Lidid 9999 LiLiL LLLLladdLiidieLit I9EEEEeREUEEREREEEE GREREEEREERAEEEE LlLLldLitLll
Lied 999 LlLLL ALLLLLLLLL §8090000U000ER00EUER HEEEUOEEEREOERARE Llpddiitilid
Lild 99 LLLLL LLiliee CEEECEEEEECTEEEEEENEN P CEECEECEFEE R EEEE ] Lirtdlidiiid
LiLL I¥s LLLLLl LLLLLLLL CEEEEEEEEERPEEPEEEEEPEFEEEFPUEFEFEN R EEE T LLLLLLLLLLL
LLLt LiLL LLbldliLLd LLLLLALLLLLLLLLL 9000090908000 00090990PEROR00RRERRREEEERAREREER LLLLdLiLLiLL
LilLe L LALLLLLLLLLL il blbilLilLdilbidLLy 988990009990 09090906REERREEREERREREE LitliidiiiLted
LLLLd LLiLid LLLLLLLLLLLLLLLLLLL LLbilitedeLidetiLe CEERUEEEEFEEEFFUTEFPEREEEEE TR LLLLLLLLLLLL 99
dLiidd LeLiLil LLLLLLLLLbLLlLLLdLLL LlidlitidLiedLeLis LEEEEEEEEEEFEFFFEFEEFRRE T ALLLLLLLLLILL 99999999999
LdlledLdddddldiLedl LllllddibLbldedlitliL LLLLLLLdLLLLLL CELEECEPERPEFEEFEFPEEEPUEEEEEEEE LitledilLLLdls 99999999999999
LllllgpbdddialidiiLadieiLL LLLLlliLLdiLedde [YYYYYRYN] CEEEUEPFEFPPEEECPEFFEEEREEEEEEEEL LLpdeLlididl 999999999999
LAlALliLadddbdLatiied LLLLLLLLLLLLL CCLEEEUPEEPEEE RS EEEEEEE RN EEEE L] LLLLLLLLLLLLL 999999999999
LlLldLlbidLLiLdblLL LLLLLiLLLLe CEFEEEENENEEFEEEEFFPECEEPEEFEEFEEE] LLLlLLLLLLLL 999999999999
npﬁsphpﬁ»ahphpprpp LiLLiedl FPPEEEPFOEEEEOOEPEGE0E0E00000008088 LLLLLLLLLLLL 999999999999
LLLLLALLLLLLLLLL FECECTPFEFEEFFPEEFEEEEEEEEEEEFEEE] LLLLLbLLdldlLL 9999999999999
LiLlelliedbeliaL CECEE PP E P T EEEE EEEEEEEEEET LilLLilieLiL 9999999999999
LLLLLLALLLLLLL CECEECEEEECENETEEEEEEEEEEEEETE T LLLlLliLLedLd 9999999999999
Albllediddiell 8998099988800 0000EEREEEREERR00E LLLLLLLLLLLLL 9999999999999
LLLLLLiLLLiel 92999999908009900900808090008000 LididtdteddLd 9999999999999
LiibididLdd CEEFEEEEEEEEEEECELEELELT Lidiibdddieddil 99999999999999
Llbiidleid 888 9980808000000 A000EEERE Lilbiiiiiedlel 99999999999999
Yyyyy) LTEEET] 9989920008800 E06E0 LlbLLilLiLLLd 99999999999999
LiLLd CEEEEEET] CEEEEEED LLlidLLiLiiLLlL 999999999999999
YEEREEEREE g8ee agee LLlilidddLLed §999999999999999
999900090000 ERAEEREEEERRE CECEETTTT Llltiiteetiaed 9999999999999999
CEEEEEETT LlLLifbediiied 99999999999999999

R L R A L]

'0"000“0v‘Q.QDo¢¢09004000OOQO‘OOOO##o++000004+000900"ioQot*ot000t000‘00‘000‘0000‘0OOQOOOO‘QOQO

+
+
+
*
+
+
»
+
+
.
*
+
+
*
L)
L)
*
*
.
+
+
+
.
.
*
-
*
+*
+
+
+
+
+
*
+
+
L
+
+
L
.
+
+
*
+
+
|

*
*
+
+
]
L
-
*
+
*
+
-
*
*
*
*
+
.
+
*
+
.
+
+
*
L
+
+
+
+
»
+
*
+
+
+
+
+
+
.
.
+
)
.
+
+
+
+
+
+
+
*
+
L
*
.
+
*
L]
L
+
+
+
+
*
*
+
*
*
)
+
*
*
L]
+
L
.
*
+
+
+
+
+
L
+
+
*
L
*
L]
+
+
+
*
.
*
3
*
+
L]
+
+
*
*
+
*
4+
*
.
*
*
+
+

Rawlins Quadrangle-Magnetic Pseudo - Contour Map*

Figure 25



0f the 80 statistically significant uranium anomalies
tisted in Table 2, the majority occur within areas

of general high counting rates. There are no obvious
associations with mapped coal mines or oil fields

(at Lleast at the 1:250,000 scale). Several statistical

anomalies were rejected as being tco near cultural features
such as roadss cities, etc.

Most of the seventeen (17) anomalies occurring within

the Red Desert Basin are in the Tertiary Battle Springs
Formation and overlying Quaternary units. Of this groups
the largest uranium count rates occur at anomalies 4 and b
(boeth 130 cps, or 13 ppm el).

The anomaly with the highest count rate and highest
statistical significance within the quadrangle is

Number 75 which occurs in the Poison Basin near Baggs.
This anomaly has a peak count rate in the uranium channel
of over 850 counts per second (approximately 90 ppm el)
and occurs at the contact between the Brown's Park and
Wasatch Formations. Examination of the 35 mm flight re-
covery film reveals what appears to be extensive ground
exploration activities {(possibly grid drilling) within
the area.

Northeast of the Poison Basins, beginning near the Ketchum
Buttes and continuing somewhat northeast of the Miller Hill
Anticliner is a series of anomalies which occur within the
Brown's Peak Formatien, Cretaceous Steel Shaite and the
Niobrara Formation. Of the anomalies within the Brouwn's
Park Formations, the highest count rates are associated

with anomalies 44 and 45 {(both of which are greater than
250 cpss approximately 26 ppm eU). The Miller Hill area

is known for uranium deposits discovered in 19531. These
deposits are a8 sandstone-impregnation type and are not
confined to specific stratigraphic horizons (Ormond, 1957).
The Brown's Park and Cretaceous Formation arnomalies occur
in an area of complex folding and faulting (refer to the
geologic base map). If a singler uniform mechanism 1is
assumed both for the Cretaceous and Tertiary anomaliesy

the spatial relationship suggests a post Brown's Park age
for the uranium mineralization. It should be noted here
that the geologic map indicates Eocener whereas the Rocky
Mountain Atlas indicates Miocene and Pliocene ages for the
Brown's Park.

Anomaly 57+, northwest of Divide Peak, at the northern sdge
of the Sierra Madre Uplift occurs over a uraniferous Prescambrian
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conglomerate (Graff and Houston, 1977).

Northeast of the amomalies within the Brouwn's Park
Formation is another group consisting of four anomalies
(29, 32, 35 and 37). These anomalies form a Linear band
which begins at Lake Creek Flats in the southeast and

ends near Choke Cherry Knob in the northwest. Except for
Anomaly 37, which lies within the Brouwn's Park Formationr
all anomalies occur within the Cretaceous Mesa Verde Group.
An interesting aspect of these anomalies is their
association with a series of north=south striking en echelon
Faults which comprise a zone trending in a northwest-
spoutheasterly direction.

East of these four anomalies is another group of five (5)
ancmalies which occur at the confluence of the Ridge
Anticline,r Wallcott Syncline and the Bloody Lake Anticline.
With the exception of one (&nomaly 33), these anomalies
(23, 26+ 27 and 30) Lie within undifferentiated Tertiary
sediments and the Cretaceous Lewis Shale. Anomaly 33,
which has the highest count rate at 67 counts per second
(approximately 7 ppm eU), occurs within undifferentiated
Precambrian rocks. Here, agains, this group of anomalies
occurs in an area of intersecting structure.

Anomaly 38, on the eastern edge of the quadrangle, occurs
in an area of Precambrian basic intrusives and schists. It
is associated with vraniferous Precambrian conglomerates
eccuring in the Rock Mountain area of the Medicine Bow
Mountains (Graff and Houston, 1977J.

Another cluster of anomalies Llies to the south in the
vicinity of Sheep Mountain, near two northwest trending
thrust faults. These anomalies occur within Precambrian
granitess, with the exception of anomaly 63, which is in
Quaternary sediments, probably derived from the uplifted
Precambrian material comprising the surrounding mountains.

O0f special note in the guadrangle is the large BiAir (Radon)
signal observed over the Poison Basin along flight Llines

212 and 213. High radon was also observed over the Red

Desert Basin along flight Lines 232 and 234. This high

BiAir signal is not seen over the areas of high uranium

count rates on tines 220 and 221 occurring in the Brown's

Park Formation nor directly over the Poiscn Basin anomaly (75).
This could be a result ¢f Llocal atmospheric conditions as

well as excess radon emanating from the ground.



The magnetic pseudo-contour map generally correlates

with major geological structures present in the quadrangle.

The Deep (30,000 feet) Washakie Basin in the western portion

of the quadrangle corresponds to a long wavelength, Low

ampl itude magnetic anomaly. The Hanna and Carbon Basins -
also correspond to areas of Llow amplituder long wavelength
anomalies.

Both the Sierra Madre and Medicine Bow Uplifts are

indicated in the magnetics (Figure 25) by groups of high amplitude,
short wavelength ancmalies. Mapped major faults and

shear zones are not obviously reflected in the pseudo-

contour map due to the 1:250,000 scale. The Continental

Divide can be seen as a series of ill defineds high amplitude
anomalies trending to the northwest.

Both the Rawlins Uplift and Flat Top Anticline are clearly
defined magnetically. The Flat Top Anticline is apparently
underlain by a more magnetized basement material than that
comprising the Rawlins Uplift. The relief of the magnetics
in the area of the Anticline has similar amplitudes and
wavelength characteristics as those in the Elk Mountain
area to the southwest. The ElLk Mountain area is marked

as a magnetic basement high on the interpretation map.
Inferred magnetic basement faulting trends northwests
generally paralleling mapped thrust faults.

Geochemical Analysis Results

Two of the Precambrian granites, Pcg and Pcgr, have
sufficiently bimodal potassium histograms to warrant a
subdivision of the units. The older Precambrian granite
{Pcg) occurs only at Green Mcountain in the Sierra Madre
Uplift (refer to the interpretation mapr, Figure 21. The
younger Precambrian unit (Pcgr) is more wide spreads, but
occurs mostly in the Medicinme Bow Mountains. The higher
potassium mode (greater than 230 cps) and thorium mode
(greater than 60 cps) are coincident with outcrops at

Sheep Mountain and an outcroping to the west which 1is
separated from the Sheep Mountain outcrop by a small

basin and a thrust fault. Additionally, the areal boundary
of data represented by this mode (of the polymodal dis-
tributien) roughly coincides with the boundary of & thermal
event dated st 1450 m.y. {Hedger et al 19467).
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Principal component results are generally similar to

those of the Rock Springs Quadrangle: the first two com-

ponents generally account for 80-90% of the total variance;

the first component is highly correlated with potassium and
thorium while the second appears highly correlated with uranium.

A major difference occurs within the Tertiary units.
More than 50% of the total Tertiary 'sampltes (Units Thss
Tws Tuwcr, Tkf, Ths and Td) exhibit a high degree of
correlation with thorijum and uranium for the first
component and potassium for the second. Noter howevers
that a3 majority of the statistical uranium anomalies, a
totat of 17, are within the Brown's Park Formation (Tbp)
which clearly follows the more general trend.

Formations common to both the Rock Springs and Rawlins
Quadrangles (Tws Wasatch; Tbps Browns Park and Tfur
Fort Union) have differing numbers of samples and 1in
the case of Brown's Park, different means for the K, U
and T proportions. Howevers, the first two principal
component results 1in both quadrangles have simitar
correlations.

A most unusual concentration of thorium is present in
surface materials of the Red Desert Basin area. Typicallys
TL208 count rates range from 200 to 300 cpss which is as
great or greater than throium count rates from exposed
Precambrian granites (e.g.r Sheep Mountainl). Available
Literatures, Masursky and Pipiringoss 1952, and Breger.,
1955, does not discuss the thorium ¢ontent of the sediments
or uraniferous coals. Howevers, Breger does List several
rare earths, such as Lanthanums in his tables of chemical
analyses. Considering this, it is possibte that the thorium
may be associated with the rare earth compounds.

92



CHEYENNE QUADRANGLE

Statistical analysis and interpretations of this quadran-
gle were based on a geoleczic map provided by DoE/BFEC.
Formation descriptions given in Appendix A were obtained
primarily from the Geologic Atlas of the Rocky Mountains
(1972). Topographic and cultural information were derived
from the 1:250,000 scale NTMS Cheyenne Quadrangle (1969
revision) and the 35 mm flight path recovery film.

Topography within the gquadrangle varies from the gently
rolling Great Plains occupying the eastern half of the
guadrangle (approximately 5,000 to 6,000 feet above sea
level)s, to the rugged Larmie Mountains with several thous~-
and feet of relief. The Land form within the Larmise
Basins west of the Larmie Mountains, resembles that of the
Great Plains. Howeverrit is some 1,000 feet higher in
elevation.

There are three principal structural features present in
this quadrangle: (1) The Larmie Basin (2) The Laramie up-
Lift and (3) The Denver Basin. The Laramie Basin cccupies
the western quarter of the guadrangle Structurally, it
is asymmetrical being deeper to the west near the Medic-
ine Bow Mountains and shoaling in the directien of the
Larmie Mcountzins. Anticlimal and synclinal werps., high
angle normal faults and thrusts are presents but

their relation to deeper structure is unknown.

Exposed units within the quadrangle are Tertiarys Mesozoic
Palezoic sedimentss overlain by abundant Quarternary
cover. Thorcugh treatments of Micocene and Pliocene sedi-
ments are given by Love (1960) and Denson (1964). More
specific efforts, such as Love (1961), focus on

individual formations; e.g., the Arikaree (Split Rock).
The Eocene and Paleocene rocks have been des¢cribed in de-
tail by a number of workers such as Cashion (1967), Bradl-
ey (1964), Roehler (1967), and Oriel (1962). A targe

number of general Upper and Lower Cretaceous studies exist:

€.g.r Weimer (1960), Cardinal (19703, Haun et al (1960)-
Asquith (1970). Mcre specifically, Bergs et al (1964).,
has treated the Pre-Njobrara stratigraphy (including Pale-
ozoic materials) of the Larmie Basin. Hoyt (1963) has
reported the Permian=-Pennsylvanina relationship in the
northern Denver Basin. Many specific formational studies
exist: e.a.+,» Steitman’s work (1974) on the Casper, Forma-
ticon.
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Simijlarly, there have been many studies which deal with
Precambrian crystalline rocks as potential sources for the
stratiform uranium deposits with the area. One uranium
occurrence is reported at Sheep Mountain (refer to Figure
3), but dits exact nature was not found in the published
literature. A number of units occurring in the quadrangler
such as the Wind River and Qgallala Fermationss, are either

uranium producers or have occurrences within them elsewhere
(Ruckley, 1972).

The youngest materials in the guadrangle are compecsed of a
sequence of Quaternary units ranging from altuvium to terrzce
deposits. These constitute approximately 7% of the mapped
units. Sediments of Miocener Pliocener and Oligocene age
dominate the surface of the Denver Basin and are exposed

like patchwork within the Laramie Basin and Uplift; e.g.»

the Ogallalar Arikarees, Brules, White River, North Park.

and Chadron Formations. These account for some 51% of the
exposed roc¢ks in the quadrangle. These are dominantly con-
tinental to littoral in nature, often have an arkosic nature-
and exhibit channel cut and fill effects at their contacts.

Cretaceous units constituting some 6% of the surface
materials are dominantly marine and reflect fluctuations

in a "seaway" margin. Resulting sediments have extensive
latersl and vertical variations within individual lithologiss.
The Larazmie Basin contains exposures of both Upper and Lower
Cretaceous units such as: The Lances Niobrarar and Frontier
Formations: The Lewiss Mowrys, Pierre, Steele, and
Thermopolis shales; and the Cloverly group. Other mesozoic
units account for only 2% of mapped exposures.

Pzlezoic units occur principally con the east flank of

the Laramie Uplift and represent some 4% of mapped exposures.
0f the Paleozoicss the Caspers, a calcareous aeolian

arkosic sandstone/guartzite with lLimestone interbedss, is

the most prominent.

Precambrian Rocks comprise some 20% of the mapped exposures
and are restricted entirely to the Laramie Uplift. Granites
gquartz monzonitesr granitic schistss, and gneisses are the
dominant rock types. In some casesr aplites and granites
are found tc intrude older crystalline rocks. Lesser
occurrences of nerites, metanorites, anorthosite, and

guartz diorite are noted.



Interpretations Discussionr,znd Results

The resulting uranium anomaly/interpretation map is disg-
played in Figure 26. Anomalies depicted on this map are
summarized in Table 3. Figures 27 through 30 present
pseudo contour maps of K,U,T and the magnetics utilized for
regional evaluation. General tithologic unit descript-
ions are presented in Appendix A. Statistical tabless,
including principal component rcsults, for each format-

ien (citing type of distribution, measure of central
tendency, and standard deviation)are given in Appendix E.

In general, older sedimentary units (exclusive of the
Precambrianl} have lower count rates than do the younger
sediment:. The diversity of Lithologies mapped ares, in
generals reflected in the variable radiometric pattern
exhibitzd by the psuedocontour maps. This is especially
true in the case of the potassium and thorium data. In
meny specific casesrs however, formational contacts are
indistinguishable; e.g., the contacts between the Pre-
cambrian anorthosites and gneisses with younger sediments
in the vicinity of Laramie. While statistical ancmalies
are distributed throughout most of the mapped geologic
unitss the larger single anomalies and well defined
clusters of anomalies tend to be associated with Tert-
iary or Precambrian units. Anomalies occuring within
C{retaceous units are generally isolated and exhibit

lower count rates. The Tertiary Ogallalar which has the
broadest areal extent of any of the units contains more
ancmalies (a total of 14) than any other formation in the
quadrangle. However, due to its broad distribution, it
perhaps has the greatest potential for intraformational
variabilify.

Depicted on the uranium anomaly/interpretation map

and summarized 1in Table 3 are & total of 66 ancmalies
which remain after screening for relative thorium
depletions, U/T ratiosr water/marsh relationships

eand proximity to culturat features. Most instances of
high count rates corretate with valid anomalies. Ex-
ceptions exist where high counts correspond to rail-
road beds and road cuts.

Arnomaly S5, near Chalk Blufi possesses the highest

Uuranium count rate in the quadrangle at 94 cps (10 ppm
eU). Its together with anomalies 1, &, 12, 13, 15, 16+
18, and 19, form a northeast trending zone in the
southeast corner of the guadrangle. This group of
aromalies occur coincident with the contact between the
Ogallala Formation and the Brule, Arikareer anq Guaternary
terrace deposits. A similar cluster of anomalies

(numbers 6, 7 and 11) occur further to the east at the

edge of the guacrangle. The area circumscribed by both
theee grouns of anomalies appears to be an anticlinal
warpirg assotisted with ostrolsum 2ra27uction, Presence
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Figure 26 Cheyenne Quadrangle-Uranium Anomaly/Interpretation Map*
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