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ABSTRACT

Under the Department of Energy (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 in Wyoming, and the Greeley,
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 1 mile (1.6 kilometers). All data
were collected utilizing a Grumman G-89, S2F Tracker,
fixed wing aircraft equipped with 4,096 cubic inches of NaI
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
aircraft. Navigation was performed using integrated visual
and doppler techniques in the tracker and visual methods in
the helicopter.

All field data were returned to the geoMetrics, Sunnyvale,
California computer facilities for processing, statistical
analysis, and interpretation. Data presented in this report
are: corrected profiles of all radiometric variables,
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 dada 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 (Laranide age) - e.g.

Medicine Bow, Laramie - with exposed Precambrian
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Radiometric count rates in the Basins were generally lower
than over the Precambrian crystalline rocks. Notable
exceptions are the 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 outline 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 Spri-ngs, 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, semiquantitative 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. N9AG) fixed wing aircraft equipped with
4,096 cubic inches of NaI crystal detector and an
Aerospatiale SA315B "Lama" helicopter (U.S.Registry No.
N 47319) using 2304 cubic inches of NaI 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 to east: the Wyoming Basin Province of Southern
Wyoming; the southern tip of the Southern 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 Range' 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 occupy most of the Rock Springs
and Rawlins Quadrangles; the major structural uplifts
Front Range, Sierra Madre, Rock Springs, 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 oil and gas are present in the
Cretaceous 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 Formation of the Green River Basin
in Western Wyoming. Within the Colorado "Mineral Belt"

of the Front Range are numerous gold, silver and lead deposits.

Uranium occurrences are present within the uraniferous coals
of the Red Desert Basin; the Tertiary Brown's Park Formation
in the Poison 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. Formational descriptions were derived from several
publications but primarily from the Geologic Atlas of the
Rocky Mountains' 1972. The Greeley Quadrangle base map is
from the U.S.G.S. Open File Report 78-532.

The total number of square miles covered by the four quadrangles
is approximately 30000 (76,000 square kilometers). To obtain
regional reconnaissance coverage of this area, a total of

14,104 line miles (22,690 line kilometers) of high sensitivity
radiometric and magnetic data were collected. Traverse lines
were flown at a spacing of 3.125 miles (5 kilometers) in an

east/west direction and tie lines were flown in a north/south

direction 18.375 miles (30 kilometers) apart. The exception
is the Greeley Quadrangle' where the helicopter line spacing
was 1 mile (1.6 kilometers)(See Figure 4).

3
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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 radiometrica lly anomalous
relative to other areas within each similar geologic
formation and displayed as anomaly maps. Anomaly maps and
radiometri.c 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 (total
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.
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DATA COLLECTION SYSTEMS

FIXED WINGED AIRCRAFT

The fixed wing aircraft was a Grumman G-89, S2F Tracker,
Serial Number 3, U.S. Registration N9AG (See Figure 5 ).
This Aircraft was originally designed and built by Grumman
Aircraft Corporation for the U.S. Navy as a highly stable
platform for carrying electronic instrumentation in the
search of submarines from carrier bases and/or short
landing fields. Since it was designed for magnetic
surveillance, it is a "magnetically clean" aircraft and
thus ideal for collecting magnetic data. Overall, the
aircraft's performance and safety features make it ideal
for low 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 of safety. Performance data
for the S2F in its present geophysical survey configuration
are given below:

Aircraft Empty

Electronic Equipment
Main Fuel Usable
Auxiliary Fuel Usable
Pilot
Electronic Operator

Maximum Gross Weight for Geophysical
Survey Operation

Maximum Allowable Aircraft Gross
Weight

Minimum Control Speed
Safe Single Engine Speed

85 KIAS at
100 KIAS at

Single Engine Rate of Climb at 120 KIAS
550 FPM at

Single Engine Rate of Climb at 100 KIAS
390 FPM at

Rate of Climb (2 Engines)
120 KIAS at 23, 000 lbs

2, 000 FPM at
1, 200 FPM at

15, 123 lbs

1, 600 lbs
3, 108 lbs

900 lbs
175 lbs
175 lbs

21, 081 lbs

24, 500 lbs

24, 500 lbs
24, 500 lbs

23, 000 lbs

23, 000 lbs

5, 000 ft
10, 000 ft

(KIAS = Knots Indicated Air Speed)

8
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Cruise Configuration Stalling Speed at
Gross0Weight 21, 000 lbs

0 Bank - 80 KIAS 45 Bank - 96 KIAS

Usable Fuel 518 U.S. Gals 3180 lbs Mains
150 U.S. Gals 900 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 system
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. Crystal Detector, geoMetrics Model NaI-1000/CS
consisting of 3584 cubic inches in the downward
looking configuration and 512 cubic inches
appropriately shielded in an upward looking
configuration.

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

a) 512 channels of gamma ray spectrometer data

b) Total magnetic intensity

c) Fiducial number from data system/camera

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

e) Altitude from radar and barometric altimeters
(by analog-to-digital conversion).

f) Time in days, hours, minutes and seconds

g) Outside air temperature

10
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4. Magnetometer, geoMetri.cs Airborne Model G-803,
capable of 0.125 gamma sensitivity, but operated
at 0.25 gamma sensitivity.

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

6. Rosemont Barometric Altimeter with recording output
and display.

7. Recording Thermometer for monitoring outside air
temperature.

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

9. Analog Recorder geoMetrics MARS 6 to record the

following data:

a) Bi2 1 4 using a window about the 1.76 MeV peak

from the downward looking system.

b) Bi air background using a window about the

1.76 MeV peak from upward looking system.

c) Magnetometer

d) Total Count for downward looking system

(0.4 to 3.0 MeV)

e) Event and time markers.

10. HP 7128, two channel analog recorder to record the

folLowing data:

a) Outside air temperature

b) Barometric altimeter

c) Event and time markers

d) During system calibrations, this recorder is

used to plot full analog spectra for both the

down and up crystal systems via the GR-800.
Thus, a hard copy record of the data used for
resolutions, drift, and other checks is available

at all times (Refer to Figure 7). This approach
provides instant verification of system
parameters.

12
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ROTARY WINGED AIRCRAFT

The helicopter used for the survey is an Aerospatiale
SA315B LAMA, Registry No. N47319. The SA315B LAMA was
designed and built by Societe Nationale 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 geophysical survey configuration) are given
below:

Type: Turbine-driven general purpose helicopter.

Rotor System: Three-blade main and antitorque rotors. All-
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 torque
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, with 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 151.3 U.S. gallons (useable) (573
litres).

14



Accommodation: Glazed cabin seats oilot and oassenaer side
by side in front and three oassenaers behind. Provision
for external sling for loads of up to 2,204 lbs. (1,000
kg). Can be equipped for rescue (hoist capacity 265 lb.;
120 kg), liaison, observaion, training, agricultural,
photographic, ambulance and other duties. As an
ambulance, can accommodate two stretchers and a medical
attendant internally.

Dimensions, External: Main rotor diameter
Tail rotor diameter
Main rotor blade

chord (constant)
Length overall, both
rotors turning

Length of fuselage
Height overall
Skid track

36 ft.,1-3/4 in.
6 ft.,3-1/4 in.

13.8 in.

42
33
10
7

ft.,4-3/4 in.
ft., 8 in.
ft.,1-3/4 in.
ft.,9-3/4 in.

Performance (Sea Level Standard Conditions)

Internal

Average Maximum

At Gross Weight
Empty Weight
Useful Load
Sling Load (max)
Cruise Speed
Top Speed, Vne
Useable Fuel US
Service Ceiling
HIGE Ceiling
HOGE Ceiling
Rate of Climb SL
Max. Ranqe, SL

lb
lb
lb
lb
mph
mph
qal
ft

ft

ft
fpm
mi

3,310
2,216
1,094

118
130
146

(23,000)*
(23,000)*
(23,000)*

1,580
308

4,300
2,216
2,084

118
130
146

17,710
16,730
15,170
1,080

308

External

Average Maximum

4,200 5,070
2,216 2,216
1,984 2,854

2,500
55-75 55-75

46
18,370
17,600
16,100
1,120

31 **

46
10,800
9,220
5,000

730
31**

( ) Maximum certified altitude -23,000 ft.
** Mission radius -includes: 10 minutes fuel reserve

3 minutes SL Hover
Return with no load

15



Present Geophysical Configuration

Lama Weiaht EmotY 2,193 Lbs.
Maximum Fuel 900 lbs.
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 looking and the
upward looking crystal packages and coverage
in the 3.0 to 6.0 MeV range for cosmic background.

2. Crystal Detector, geoMetrics Model NaI-100/CS
consisting of 2048 cubic inches in t.he downward
looking configuration and 256 cubic inches approp-
riately shielded in an upward looking
configuration.

3. A geoMetrics Digital Data Acquisition System, Model
G-714 with read-after-write data verification,
recording the follwing on magnetic tape:

a) 512 channels of qamma ray spectrometer data

b) Total magnetic intensity

c) Fiducial number from data system/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) Outside 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 exSquareT 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 center platform. The entire instrumentation system, including detectors
and hardware weighs approximately 700 lbs. (318 kg) installed.
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4. Magnetometer, geoMetrics Airborne ModeL G-803,
capable of 0.125 gamma sensitivity, but operated
at 0.25 gamma sensitivity.

5. Radar Altimeter Sperry Model AA200 with recording
output and display and minimum altitude range
of 0 to 2500 feet.

6. Rosemont Barometric Altimeter with recording
output and display.

7. Recording Thermometer for monitoring outside air
temperature.

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

9. Analog Recorder ge'oMetrics (MARS 6) to record the
following data:

a) Bi21 4  using a window about the 1.76 MeV peak
from the downward looking system.

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

c) Magnetometer

d) Radar Altitude

e) Total count for downward looking system (0.4 to
3.0 MeV)

f) Outside air temperature

g) Event and time markers

10. HP 7155 single channel analog recorder during pre
and post flight calibrations, this recorder is used
to plot a full analog spectra for both the down and
up crystal systems via the GR-800. Thus, a hard
copy record of the data used for resolution, drift,
etc., checks are available at all times. This

approach provides instant verification of system
parameters (refer to Figure 7).
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OPERATIONS

IATA 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 second sample intervals. All sensor data
with analog output were digitally sampled at each
scan based upon the clock timing rate of 1.0 seconds.
The data so collected are the instantaneous values of
the altimeter, temperature. pressure. and magnetometer
parameters determined at the time of the data scan,
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 helicopter objective ground speed was 70 mph.
These were not exceeded unless dictated by safety.

3. The downward looking crystal volume was 3.584 cubic
inches' 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

Navigation was accomplished using a combination of visual
and doppler navigation techniques 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 quadrangles 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 doppler was used to fly a straight line between
end points in the S2Fr visual methods were continued for
the Lama.

Simultaneously a 35 mm tracking camera was used to re-
cord actual flight position. This camera's fiducial nun-

19



bering system was directly synchronized to the digital re-
cording system such that a one-to-one correlation between
position and data could be made. Upon completion of a
data collection flighty 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 areas flight lines 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 interpretation' much emphasis was placed on
infield calibration of each data collection 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 list:

A. Pre Flight

1. Use cesium sources (same positioning on crystals
every day)t 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 K40 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-800.

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

B. During Flight

1. Run test line at survey altitude (400 ft). for approx-
imately five miles, prior to production data collection
(record both analog and digital).

2. Prior to production data collection, 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 collection, monitor radon
analog data for unusual increases. Visually corre-

Late these with temperature and barometric pressure.

4. Upon completion of production data collection refly
test line 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. Determine 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 in this report are the
Rock Springs. Rawlins, and Cheyenne, Wyoming, and Greeley,
Colorado NTMS Quadrangles. Under separate cover, the bal-
ance of the "Rockies/Larmie" Project, is contained the Den-
ver and Pueblo. Colorado NTMS quadrangles.

The four quadrangles reported herein consisted of a total
of 14.104 line miles. Of this milage. 8643 line miles were
flown with a fixed wing configured system. The production
summary presented below and in Appendix H describes the
total project, since in some cases, data collection over-
lapped in the Greeley. Denver and Pueblo quadrangles.

Rotary wing data collection within this project was initi-
ated on August 9, 1977 at Saratoga. Wyoming. Data collect-
ion 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



5. 1978. Operating bases used during this
period include: Saratoga. Wyoming; Fort Collins, Colorado;
Estes Park. Colorado; Golden. Colorado; Woodland Park.
Colorado; and Canon City. Colorado.

The fixed wing data collection was started in Rock Springs.
Wyoming on October 28, 1977. On November 7, 1977, operations

were suspended due to equipment problems. On July 17. 1978

operations were reinitiated at Cheyenne' Wyoming. The fixed

wing portion of the total project was completed on August 3L

1978 from Pueblo' Colorado.

During the above time period a total of 13.855 line
miles of rotary wing data and 11.495 line miles of fixed
wing data were collected. Details of this daily production
are contained in Appendix H.

Throughout the course of the overall project' 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 mile per hour) and 25.4 (cubic inches
per mile per hour) for the fixed wing system.

(A sample altitude statistical distribution is shown in
Figure 9). Overal'L in excess of 97% of the data collected
were within the specification limits.
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SYSTEM CALIBRATION

AIRCRAFT AND COSMIC BACKGROUND

Full spectral data are collected at five (5) altitudes
over water (Tracker: 15.000 feet; Lama: 14000 feet; 12,000
feet; 10,000 feet; 8.000 feet and 6/000 feet) in an area
where the existence of no airborne Bi 2 1 4 can be assured
(offshore over the Pacific Ocean). This results in sepa-
rate spectra as shown schematically in Figure 10. We de-
fine S(12000) to be the spectra at 12.000 feet from 0.4
MeV to 3.0 MeV with S(8000) the same spectra at a lower
altitude (8000) and EC (h) the total count between 3.0 and
6.0 MeV at respective altitudes. Since the aircraft back-
ground is constant the difference between any two altitudes
separated sufficient ly - typically, 2,000 feet-yields
the cosmic spectral curve shape as shown schematically in
Figure 10. Thus

S(12.000) - S(8.000) = AS
and

EC 12  (h.) - ZC8 (h.) = AC

This cosmic spectral curve is scaled back to 12.000 feet
as follows:

EC 2 (h.) X AS = C (12.000) the Cosmic Spectrum (Shape

AC and magnitude at 12,000 feet

the aircraft background is derived as follows:

S(12,000) - C(12.000) = 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. Uo and T as presented by BFEC:
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DERIVED AIRCRAFT BACKGROUND SPECTRUM FROM PACIFIC OCEAN DATA

DOWNWARD-LOOKING CRYSTAL SPECTRUM FOR LINE AC BGD, DATED 072577

TC (0-6 MEV) 184.07 TC (0.4-3.0 MEV) 141.17 COSMIC (3-6 MEV) 0.00
U (1.12 MEV) 9.91 K (1.46 MEV) 14.54 U (1.76 MEV) 4.36 T (2.62 NEV) 4.29
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DERIVED COSMIC SPECTRUM FROM PACIFIC OCEAN DATA COSMIC SPECTRUM
ROTARY WING AIRCRAFT

DOWNWARD-LOOKING CRYSTAL. SPECTRUM FOR LINE COSMIC, DATED 07257? DOWNWARD LOOKING CRYSTAL
TC (0-6 MEV) 5275.09 TC (0.4-3.0 MEV) 3245.27 COSMIC (3-6 MEV) 1000.00 2048 CUBIC NCHS
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

CH 0 (0.000 MEV) 0.000 CPS *
CH 1 (0.012 MEV) 0.000 CPS
CH 2 (0.024 MEV) 6.000 CPS *
CH 3 (0.035 MEV) 0.000 CPS *
CH 4 (0.047 MEV) 0.000 CPS *
CH 5 (0.059 MEV) 0.000 CPS *
CH 6 (0.071 MEV) 0.000 CPS
CH 7 (0,083 MEV) 0.000 CPS *
CH 8 (0.096 MEV) 0.000 CPS *
CH 9 (0.106 MEV) 0.000 CPS 8
CH 10 (0.118 MEV) 0.000 CPS *
CH 11 (0.130 MEV) 0.000 CP *
CM 12 (0.142 MEV) 0.000 CPS 8
CH 13 (0.154 MEV) 0.000 CPS *
CH 14 (0.165 MEV) 0.000 CPS
CH 15 (0.177 MEV) 0.000 CPS
CH 16 (0.189 MEV) 0.000 CPS
CH 17 (0.201 MEV) 0.000 CPS 0
CH 18 (0.213 MEV) 1.091 CPS 88
CH 19 (0.225 MEV) 1.313 CPS *8
CH 20 (0.236 MEV) 2.226 CPS *
CH 21 (0.248 MEV) 26.345 CPS 6 8*8880 *****0**o*****o*
CH 22 (0.260 MEV) 89.243 CPS *%$#%$*#####**********
CM 23 (0.272 MEV) 100.516 CPS 6 ###**************#****
CH 24 (0.24 MEV) 103.036 CPSXCH 26 (0.296 MEV) 94.423 CPCH 26 0.307 MEN) 88.893 CR6 **#**#8***#*#####*88**##$$*###$$**X')r*******o**o**ooo *****#**o*~888**R****8**
CH 27 (0.319 MEV) 85.032 CR6
CH 28 10.331 MEV) 80.528 CPS* ********#*****
CH 29 (0.343 MEV) 78.271 CPS *****#**806**R688*RO**00RO 00 *** *0z***8 2********#****
CH 30 (0.355 MEN) 72.498 CPS *******88888***********R**82888o6s61088858268o**8R2888688****86***t
CH 31 10.366 MEV) 74.934 CPS *** #*#*********************oo800888882 *RRR68o#ooo o ***********
CH 32 (0.378 MEV) 66.660 CPS *****880*****#*##008****88 **880*** *#*####%***
CH 33 0.390 MEV) 65.966 CPS # ********************* *
CH 3 (0.30 MEV) 63.19 CPS *%#*##********* ***##*######*#*#***#******X*** TOA ON
CH 34 (0.402 MEV) 63.189 CPS *********8#**#R88688**888**808************o#o* TOTAL COUNTCH 36 (0.414 MEV) 62.820 CPS *****E***** ****#**********#**************** ****o*** **oCH 36 (0.426 MEV) 64.078 CPS ****8888888*8RR8O*86******RRZ***#** ****#*******ooo8 *8 ***CH 37 (0.477 MEV) 67.602 CPS ***#x%***X*8*****************$**** o**************R*#**#*2**o****
CH 38 (0.449 MEV) 6.116 CPS ********** ************************************6*888 o****************
CH 39 (0.461 MEV) 76.972 CPS ********6*******0*8 **88** **6**********$*R****8**0****608***********
CH 40 1(0.473 MEV) 84.879 CPS *8**********************************oo**oo*o*ooo **************************#*#*b

CH 41 (0.486 MEV) 96.049 CPS *****0 ********RO2R******668R#*s#**o*oo*oo*oooR*oo*ogoo*ooozo***********##88 **##***8*8*oot
CH 42 (0.496 MEV) 94.167 CPS ****0*****#*8*******###****#*********************X*6******* ***********I** ***ooo*** o*o**
CH 43 10.608 MEN) 86.706 CR6 ************%******:**************y**********
CH 44 (0.520 MEV) 68.016 CPS ****** #**o**$**R66**********#******#********#%**********
CH 45 (0.532 MEV) 48.444 CPS **808o**********************R***o00*******o
CH 46 (0.544 MEV) 40.965 CPS *************#86*8*6888*86************
CH 47 (0.556 MEV) 30.512 CPS **********o********o******
CH 48 (0,567 MEV) 33.160 CPS *******R*************************
CH 49 (0.579 MEV) 31,892 CPS **8*** *#**886***************#**
CH 50 (0.591 MEV) 25,907 CPS ***************8**********)K
CH 61 (0.603 MEV) 30.781 CPS *************8*8 6 *8***8*8
CH 52 (0.615 MEV) 27.055 CPS ****0**0*******#************
CH 53 (0.626 MEV) 27 982 CPS ***8***888*8***** **8**
CH 54 (0.638 MEV) 25.776 CPS ********8****8****#***0*
CH 55 (0.650 MEV) 22.988 CPS *****8**#**888***#***
CH 56 (0.662 MEV1 27.787 CPS **6****8********************
CH 57 (0.674 MEV) 25.274 CPS ****************#******
CH 58 (0.686 MEV) 25.240 CPS ****8**82 8****8*******
CH 59 (0.697 MEV) 23.489 CPS **********************
CH 60 (0.709 MEV) 24.769 CPS ***R***********#********
CH 61 (0.721 MEV) 22.350 CPS ****##*##*##** R****8*N
CH 62 (0.733 MEV) 22.242 CPS *********00************
CH 63 (0.745 MEV) 22.424 CPS **************#***#***O

CH 64 (0.756 MEV) 22.234 CPS **0*****************
CM 65 (0.768 MEV) 20.332 CPS ********************6
CH 66 (0.780 MEV) 18.821 CPS **8***#*8***********
CH 67 (0.792 MEV) 20.493 CPS ****####*###****880
CH 68 (0.804 MEV) 19.339 CPS ***#*8888*********
CH 69 (0.816 MEV) 19.021 CPS X**********8*****

CH 70 (0.827 MEV) 17.949 CPS ****8***80***###8
CH 71 (0.839 MEV) 20.235 CPS ******************
CH 72 (0.851 MEV) 17.491 CPS ***************
CH 73 (0.863 MEV) 18.370 CPS **8088***********
CH 74 (0.875 MEV) 16.244 CPS *******#****0***
CH 75 (0.887 MEV) 16.331 CPS ***************8
CH 76 (0.898 MEV) 17.519 CPS *** **0*******
CH 77 (0.910 MEV) 16.689 CPS *****************
CH 78 (0.922 MEV) 17.150 CPS ****************
CH 79 (0.934 MEV) 19.230 CPS **** 88*8*******
CM 80 (0.946 MEV) 17.111 CPS ******8**0******8
CH 81 (0.957 MEV) 1.6.248 CPS *00***0*********
CH 82 (0.969 MEV) 14.954 CPS *0***# 00******0
CH 83 (0.981 MEV) 17,324 CPS ******************
CH 84 (0.993 MEV) 16.276 CPS **0************
CH 85 (1.005 MEV) 14.813 CPS ****8*********8

CH 86 (1.017 MEV) 15.703 CPS ***** ****000
CH 87 (1.028 MEV) 13.767 CPS ***********#*##
CH 88 (1.040 MEV) 16.414 CPS ****R** 0*******
CH 89 (1.052 MEV) 13.642 CPS ************8 BISMUTH 214
CH 90 (1.064 MEV) 13.624 CPS ****#*******
CH 91 (1.076 MEV) 13.517 CPS *********8R***
CH 92 (1.087 MEV) 13.700 CPS ****0*8 E**
CH 93 (1.099 MEV) 14.633 CPS **********#***
CH 94 (1.111 MEV) 14.303 CPS *0**********
CH 95 (1.123 MEV) 13.766 CPS ****0****8*
CH 96 (1.135 MEV) 14.949 CPS ***************
CH 97 (1.147 MEV) 13.503 CPS ***********
CH 98 (1.158 MEV) 13.481 CPS *8*** *******
CH 99 (1.170 MEV) 13.189 CPS **************
CH 100 (1.182 MEV) 13.602 CPS ************* BISMUTH 214
CH 101 (1.194 MEV) 12.965 CPS 8******* ****
CH 102 (1.206 MEV) 12.538 CPS *8* ## *8*8*6#
CH 103 (1.217 MEV) 14.001 CPS * **80 ******
CH 104 (1.229 MEV) 11.346 CPS *****8****
CH 105 (1.241 MEV) 11.113 CPS ***8********
CH 106 (1.253 MEV) 13.669 CPS **************
CH 107 11.265 MEV) 11.910 CPS ***8*****8*8*
CH 108 (1.277 MEV) 12.345 CPS ***********
CH 109 (1.288 MEV) 10.736 CPS ************
CH 110 (1.300 MEV) 11.444 CPS ************
CH 111 (1.312 MEV) 11.433 CPS *8*********
CH 112 (1.324 MEV) 11.927 CPS *****8******
CM 113 (1.336 MEV) 11.46 CPS *************

CH 114 (1.347 MEV) 11.896 CPS ****0X*****
CH 116 (1.359 MEV) 11.470 CPS ****8**
CH 116 (1.371 MEV) 11.864 CPS **8*******8* POTASSIUM 40
CH 117 (1.383 MEV) 10.286 CPS **********
CH 118 (1.395 MEV) 12.084 CPS ****#******
CH 119 (1.407 MEV) 9.642 CPS ***********
CH 120 11.418 MEV) 11.778 CPS *************
CH 121 (1.430 MEV) 12.635 CPS **#8*********
CH 122 (1.442 MEV) 10.601 CPS *********0**
CH 123 (1.454 MEV) 9.140 CPS ********
CH 124 (1.466 MEV) 11.144 CPS **********
CH 125 (1.477 MEV) 10.766 CPS 8********
CH 126 (1.489 MEV) 9.250 CPS 68***0**8
CH 127 (1.501 MEV) 11.961 CPS ***********
CH 128 (1.513 MEV) 10.296 CPS ********
CH 129 (1.525 MEV) 10.900 CPS *********8*
CH 130 (1.537 MEV) 9.022 CPS ***8*****
CH 131 (1.548 MEV) 10.311 CPS *****8**
CH 132 (1.560 MEV) 10.151 CPS ********* POTASSIUM 40
CH 133 (1.572 MEV) 9.361 CPS *********
CH 134 (1.584 MEV) 8.753 CPS **********
CH 135 (1.596 MEV) 11.176 CPS ***8* *8*8*
CH 136 (1.608 MEV) 10.130 CPS * ***8
CH 137 (1.619 MEV) 10.551 CPS ************
CH 138 (1.631 MEV) 9.204 CPS *********

CH 139 (1.643 MEV) 9.159 CPS *******8
CH 140 (1.655 MEV) 8.738 CPS **********
CH 141 (1.667 MEV) 8.679 CPS *****0** BISMUTH 214
CH 142 (1.678 MEV) 10.154 CPS **8*******
CH 143 (1.690 MEV) 9.743 CPS *****8****
CH 144 (1.702 MEV) 9.463 CPS *****8**
CH 146 (1.714 MEV) 9.418 CPS ******8**8
CH 146 (1.726 MEV) 8.425 CPS ********
CH 147 (1.738 MEV) 9.263 CPS **8*8****
CH 148 (1.749 MEV) 9.653 CPS ****8***
CH 149 (1.761 MEV) 9.412 CPS ***0****8
CH 150 (1.773 MEV) 9.019 CPS *8*******
CH 151 (1.785 MEV) 9.329 CPS ********
CH 152 (1.797 MEV) 10.232 CPS 8*0**0****
CH 153 (1.808 MEV) 9.686 CPS ****8******
CH 164 (1.820 MEV) 7.911 CPS ****8**
CH 155 (1.832 MEV) 8.104 CPS *0******
CH 156 (1.844 MEV) 9.602 CPS *********8
CH 157 (1.856 MEV) 9.473 CPS *00*****8 BISMUTH 214
CH 158 (1.868 MEV) 8.568 CPS *********
CH 159 (1.879 MEV) 8.105 CPS 8*******
CH 160 (1.891 MEV) 8.014 CPS *88*8**
CH 161 (1.903 MEV) 8.365 CPS 8******8
CH 162 (1.915 MEV) 8.759 CPS *********
CH 163 (1.927 MEV) 6.994 CPS *****
CH 164 (1.938 MEV) 8.477 CPS ******
CH 165 (1.950 MEV) 8.144 CPS *8******
CH 166 (1.962 MEV) 7.798 CPS ********8
CH 167 (1.974 MEV) 8.214 CPS *8*8***
CH 168 (1.986 MEV) 9.240 CPS #*%******
CH 169 (1.998 MEV) 7.945 CPS *********
CM 170 (2.009 MEV) 7.615 CPS ****88*8
CH 171 (2.021 MEV) 6.816 CPS ********
CH 172 (2.033 MEV) 8.408 CPS *********
CH 173 (2.045 MEV) 7.196 CPS ********
CH 174 (2.057 MEV) 7.231 CPS ********
CH 175 (2.068 MEV) 7.473 CPS ********
CH 176 (2.080 MEV) 9.062 CPS *********
CH 177 (2.092 MEV) 8.116 CPS *********
CH 178 (2.104 MEV) 8.235 CPS ******8*
CH 179 (2.116 MEV) 7.653 CPS ******
CH 180 (2.128 MEV) 8.338 CPS *********
CH 181 (2.139 MEV) 7.237 CPS ********
CH 182 (2.151 MEV) 7.528 CPS *8******
CH 183 (2.163 MEV) 8.039 CPS *8******
CH 184 (2.175 MEV) 8.536 CPS ********8
CH 185 (2.187 MEV) 8.888 CPS ********
CH 186 (2.199 MEV) 7.485 CPS **8****
CH 187 (2.210 MEN) 8.211 CPS ***0888*8
CH 188 (2.222 MEV) 8.233 CPS *****88**

CH 189 (2.234 MEV) 8.055 CP6 ***88*8
CH 190 (2.246 MEV) 7.825 CP ******
CH 191 (2.258 MEV) 7.062 CPS 8*8888
CH 192 (2.269 MEV) 8.435 CPS ********
CH 193 (2.281 MEV) 7.440 CPS ****#
CH 194 (2.293 MEV) 7.686 CPS8*6888
CH 195 (2.305 MEV) 7.110 CPS *******8
CH 196 (2.317 MEV) 7.329 CPS ***8
CH 197 (2.329 MEV) 7.890 CPS *******
CH 198 (2.340 MEV) 7.771 CPS ********
CH 199 (2.352 MEV) 7.147 CP ********
CH 200 (2.364 MEV) 6.729 CPS *******
CH 201 (2.376 MEV) 0.264 CPS ***8*
CH 202 (2.388 MEV) 6.318 CPS ******
CH 203 (2.399 MEV) 7.050 CPS ********
CH 204 (2.411 MEV) 6.506 CPS ******** THALLIUM 208
CH 205 (2.423 MEV) 6.486 CPS *******
CH 206 (2.435 MEV) 6.589 CPS ********
CH 207 (2.447 MEV) 7.033 CPS **0****
CH 208 (2.459 MEV) 6.515 CPS ********
CH 209 (2.470 MEV) 6.852 CPS ********
CH 210 (2.482 MEV) 6.871 CPS ***8***0
CH 211 (2.494 MEV) 6.573 CPS ****88*8
CH 212 (2.506 MEV) 6.417 CPS *******
CH 213 (2.518 MEV) 5.845 CPS *******
CH 214 (2.529 MEV) 6.127 CPS *******
CH 215 (2.541 MEV) 6.355 CPS *******
CH 216 (2.553 MEV) 6.964 CPS *******
CH 217 (2.565 MEV) 6.820 CPS ********
CH 218 (2.577 MEV) 6.670 CPS ******8
CH 219 (2.589 MEV) 6.808 CPS ********
CH 220 (2.600 MEV) 5.940 CPS *******
CH 221 (2.612 MEV) 6.177 CPS *******
CH 222 (2.624 MEV) 6.176 CPS *******
CH 223 (2.636 MEV) 6.109 CPS *******
CH 224 (2.648 MEV) 6.347 CPS ***8888
CH 225 (2.660 MEV) 7.049 CPS 8******
CH 226 (2.671 MEV) 5.757 CPS *******
CH 227 (2.683 MEV) 5.645 CPS *******
CH 228 (2.695 MEV) 5.229 CPS ****88
CH 229 (2.707 MEV) 5.415 CPS ******
CH 230 (2.719 MEV) 6.190 CPS *******
CH 231 (2.730 MEV) 6.092 CPS *******
CH 232 (2.742 MEV) 6.466 CPS *******
CH 233 (2.754 MEV) 7.032 CPS ********
CH 234 (2.766 MEV) 5.533 CPS *******
CH 235 (2.778 MEV) 6.309 CPS *******
CH 236 (2.790 MEV) 5.559 CPS *******
CH 237 (2.801 MEV) 5.206 CPS ***** THALLIUM 208
CH 238 (2.813 MEV) 6.045 CPS 0*****
CH 239 (2.825 MEV) 5.257 CPS ******
CH 240 (2.837 MEV) 5.640 CPS *****8
CH 241 (2.849 MEV) 5.835 CPS *******
CH 242 (2.860 MEV) 5.348 CPS ******
CH 243 (2.872 MEV) 4.804 CPS ******
CH 244 (2.884 MEV) 4.742 CPS ******
CH 246 (2.896 MEV) 5.304 CPS ******
CH 246 (2.908 MEV) 5.248 CPS ******
CH 247 (2.920 MEV) 6.036 CPS *******
CH 248 (2.931 MEV) 5.711 CPS *******
CH 249 (2.943 MEV) 5.513 CPS ******
CH 250 (2.955 MEV) 5.010 CPS 8****
CH 251 (2.967 MEV) 5.579 CPS ****8
CH 252 (2.979 MEV) 6.256 CPS *******
CH 253 (2.990 MEV) 5.207 CPS ******
CH 254 (3.002 MEV) 9.302 CPS ********** TOTAL COUNT
CH 255 (3.014 MEV)1000.000 CPS************************************************************************************************
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PAD K U T

Matrix 1.45% 2.19 ppm 6.26 ppm

K 5.14% 5.09 ppm 8.48 ppm

U 2.03% 30.29 ppm 9.19 ppm

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)t 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 tine period of interest),
and all other local background (e.g.. BiAir, etc.) effects.

Thust by subtracting the matrix pad count rates from the
count rates in the four padst we have eliminated aircraft
and cosmic background and BiAir effects for the four pads.
The pad concentrations are then modified in a similar

fashion by the subtraction of the matrix pad concentrations.

Thust the count rate data, after subtracting out the matrix

pad count rate data can be related directly to 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 U T

K-Matrix 3.7% 2.9 ppm 2.2 ppm

U-Matrix 0.6% 28.5 ppm 2.9 ppm

T-Matrix 0.6% 3.0 ppm 39.0 ppm

Mixed-Matrix 2.7% 18.8 ppm 11.3 ppm

Considering the above' we now define a functional relation-

ship using these data, which will provide a method of

determining the calibration constants for the spectrometer
system. These calibration constants are the sensitivities,
in count rate per unit elemental concentrations and the
interactions which occur between the eLemental channels in
the system (Compton scatter coefficients, etc.).

Keeping in mind that we are dealing with the count rates

corresponding to the concentrations presented in the last

tablet we define the following:

28



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 thorium

We also define the following:

Ckk = sensitivity of KC to concentrations of K

Cku = sensitivity of KC to concentrations of U

kt = sensitivity of KC to concentrations of T

Cuk = sensitivity of UC to concentrations of K

uu = sensitivity of UC to concentrations of U

ut = sensitivity of UC to concentrations of T

tk = sensitivity of TC to concentrations of K

tu = sensitivity of TC to concentrations of U

tt = sensitivity of TC to concentrations to T

We must now solve for the above nine variables to define
the systems's overall sensitivity. On the basis of an ideal
situation, one would anticipate that some of these variables
should be equal to 0. This is not totally the case, since
we are dealing with a system which has less than infinite
resolving power (i.e. the energies are smeared to some extent).
Thus, energy peaks within a spectrum of a given element are
Gaussian shaped rather than a pure line spectrum. Additionally,
we are dealing with finite spectral windows, multiple peaked
spectra, and pulse pileup; all tend to couple each window's
response to the other.

Using the foregoing, we can write nine equations, one set
for each of the three (K. U and T) pads.

K pad KC = kkK + CkuU + cktT

UC =kK + cuuU + cutT

TC =tkK + CtuU + ttT
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U pad KC = kkK + ;kU .+ ktT

UC = ukK + cuuU + utT

TC = tkK + kuU + CttT

T pad KC = kkK + ckuU + CktT

UC = ukK + CuuU + utT

TC = CtkK + ctuU + ttT

Separating these equation into consistent groups we get

(K pad) KC = kkKk + ckuUk + cktTk

(U pad) KC = kkKu + kuUu + ktTu

(T pad) KC = kkKt + kuUt + CktTt

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

The equations can be expressed in matrix form

KCk Kk Uk Tk kk

KC = .K U T . ku
k u u u

KCt Kt Ut T kt

Where the k, u and t subscripts represent the K. U and T pads.

In a similar manner we can write the other two matrix equations

for UC and TC respectively.

UCk lKk Uk TkC uk

UC = K U T -uu
u u u u

UCt Kt Ut Tt 'utl
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TCk

TC
u

TC I

Kk

= K
u

K
t

Uk Tk

U T
u u

U Tt
tt

tk'

" tu

Ott

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

A = B.c
- - -1 -

or =B . A

where A is the count rate matrix. B is the matrix of the known
concentrations matrix, and c the sensitivity matrix. We now
have a functional relationship from which to derive all the
sensitivity coefficients.

In order to calculate the concentrations in the unknown padt
we rewrite the

equation as B = A . and define C ~-= A. Expanding this
we have:

Km kk ku kt /KC\
m l m\

Um = uk uu ut UC
m m

T tk tu Ott TC
m m

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

K = A kk (KC +rku
m kkm kk

= A
uu

v

(UC +m Akk

Atu
(TC +t

t t m LAt t

+ AktUCm + -r-
m ak

Au
TC + u

m Auu

m +Ltt

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 a. Cr y and which are
sometimes defined slightly differently.) The results are
defined as follows

Aku
S = ku

ku Akk

S _ Akt
ktk

S k -Aut

ut A

Suk

Stu

uu

auk
A
uu

Atu

Ott

(effect of uranium on potassium)

(effect of thorium on potassium)

(effect of thorium on uranium)

(effect of potassium on uranium)

(effect of uranium on thorium)

ATMOSPHERIC RADON CORRECTION

Consider the crystal configuration shown below:

Xtal 2

'/ /. . .-----------Lead S h ie l d
Xtal 1 rI

"

Let 1 and 2 designate the down and up crystal respectively.
The down crystal sees radiation rates of I1 composed of the
air signal I and the ground signal I plus aircraft and
cosmic background. g
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1 g a 1 I

Similarly, the up crystal sees the air signal and ground signal
(both somewhat attenuated) plus an aircraft and cosmic background.

Therefore I = RI + mI + A + C
2 g a 2 2

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

Using the test pad data, the factor Q can be determined.
Consider the two previous equations. When we subtract the
matrix pad data from the K. U. and T pad data, we have
essentially set A1 A2 C1 and C2 and I equal to zero.

Therefore I1 = I

I2 g

or = 12

I1

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

1/uu (up)
u

uu (down)

It should be noted that due to "shine around" (since the
shielding is not an infinite planer the upward looking
crystal responds to the surrounding terrain) on the test
pads, as altitude increases, should decrease, thus k =

f(h).

Only the factor m remains to be determined. This unfortunately
cannot be determined from test pad data. It can however be
determined b'y flying over water (e.g. use of the Lake
Mead over-water data).
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Consider the equations for I *and I2 again

I =1I +I + A + C
1 g a 1 1

I = ZI + mI + A + C
2 g a 2 2

Over water I = 0
g

We have A1 A2 C1C and C2 defined.

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

Ig =1I1 a

I2 = mIa

Since m is the shielding factor response to the air signal,
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 cosmic background and so we can solve the following two

equations for Ia.

I =1 +I
1 g a

I = QI + mI
2 g a

mI = I - EI
a 2 g

but I =I - I
g 1 a

then I (m-Q) = I - ZI
a 2 1

I - Q I
or Ia = 2 - 1 Bi.Air

m - 2

and I is then the Bi Air contribution from the surrounding
air. aThis is then subtracted from the down looking U count

resulting in corrected data.
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FIXED WING/ROTARY WING DATA NORMALIZATION

As required in the Rockies/Laramie Project' 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 Mea.d
Dynamic Test Ranger and flight line overlaps/intersections
within the project area.

To obtain the normalization constant the followong technique
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 land portion of
the Lake Mead Dynamic Test Range. Tabulation of
these results included the plotting of histogramsf
scatter plots and associated statistical parameters.

and

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

From results of the above' the proper normalization constant
was selected and input to the processing scheme. In the case
of all 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.
During 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 also 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 line 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. (Doppler 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 line

are logged and punched on Hollerith data processing cards.

A computer program is used to check the consistency of
these data using calculated intersections from tie line to

tie line 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 line
based on the fiducial numbers and the control line/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. Comoton 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 MeV

K - 1.37 to 1.57 MeV

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

T - 2.41 to 2.81 MeV

Cosmic - 3 to 6 MeV (downward and upward
looking system)
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DATA PROCESSING FLOW DIAGRAM

Figure 13
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Aircraft and Cosmic background for both the Fixed Wing
and Rotary Wing Aircrafts over these windows described
above are summarized below:

TC (cps)

K (cps)

Udn cps)

U (cps)
up p

T (cps)

Aircraft
638.35

32.03

33.76

3.22

8.16

Fixed Wing Aircraft

S2 F S2F
OCT 77 NOV 77'

Cosmic* Aircraft C-osmic*
3.358 383.62 2.882

0.188 31.39 0.164

0.154 17.91 0.134

0.148 3.30 0.150

0.148 8.50 0.184

Rotary Wing Aircraft

LAMA
1977

S2 F
1978

Aircraft
212.04

22.83

8.90

1.75

7.76

LAMA
1978

Aircraft Cosmic* Aircraft Cosmic*
TC (cps) 141.17 3.245 150.83 3.023

K (cps) 14.54 0.181 19.10 0.165

U d (cps) 4.36 0.57 5.06 0.142

U (cps) 0.60 0.119 0.36 0.114
up

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 window

Compton corrections to the down data were made using the
following constants:

S2 F
OCT 77

0.833

0.1390

S
ku

5 kt

S2F
NOV 77

0.833

0.390

S2 F
1978

0.8613

0.1588

LAMA
1977

0.826

0.174

LAMA
1978

0.8195

0.1815
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0.29350 .0.2986

S
uk

Stn

Stk

0.0

0.0753

0.0

0.0

0.0753

0.0

0.0

0.05312

0.0

0.0

0.0613

0.0

0.0

0.06926

0.0

where the subscripts ij represent the influence of the j
channel on the ith channel.

All parameters except for S ut are considered constants.

Sut was considered an altitude dependent parameter utili-
zing the following expression (after Grasty).

Sut Sut

Altitude
follows:

0

+_ 0.0076h. where h is the altitude in
hundreds of feet.

attenuation coefficients used are defined as

ALTITUDE ATTENUATION COEFFICIENTS

uTC (per

'K (per

'U (per

11T (per

S2F S2F S2F LAMA LAMA
OCT 77 NOV 77 1978 1977 1978

foot) .001756 .002021 .0022065 .002065 .002129

foot) .002754 .002771 .003001 .002859 .002897

foot) .002510 0.02560 .002710 .002600 .002640

foot) .002089 .002157 .002274 .002163 .002198

All radiometric data presented in the strip charts have
been normalized to 400 feet mean terrain clearance at
STP using the expression

exp uL 760 X T - 400

where h is the height in feet' vii is the appropriate
altitude attenuation coefficient' P is mm of Hg and T is

in degrees Kelvin. In cases where the altitude exceeds
1000 feet 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
up us

C'uk
+ - Rks

C uu

m _

Where U =up count rate from upward detectors

= crystal coupling constant

m = crystal geometric factor

C' C' C' = stripping coefficients relating down
u uu' data to up data

Rus = stripped uranium count rate - down system

Rks = stripped potassium count rate - down system

Rt s = stripped thorium count rate - down system

The numerical values for the constant Q. m Cuk, and C uu
are given below:

S2 F
OCT 1977

0.057

m 0.174

C'uk 0.0

C'uu 003615

C'ut 0.01868

u2 -.000039

m -. 0000305

V & um are used

S2F S2F
NOV 1977 1978

0.057 .0488

0.174 .189

0.0 0.0

0.03615 0.03586

0.01868 0.01687

-.000039 -.0000233

-. 0000305 -. 000034

as follows: Z = k- u

LAMA
1977

0.07

0.19

0.0

0.06552

0.02046

-. 000039

-.0000305

ox hf where
feet

m = m - p x ho where
feet

LAMA
1978

0.686

0.168

0.0

0.06078

0.02081

-. 000041

-. 000014

h is in

h is in

These Bi Air data are filtered and the filtered results
are then removed, on a point basis, from the corrected
uranium window data.
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MAGNETIC DATA REDUCTION

The magnetic data reduction processes are correction for
diurnal variation, tieing to a common magnetic datum'
and subtraction of the regional magnetic field as defined
by the International Geomagnetic Reference Field (IGRF).
During data acquistion, 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 editions these data are displayed
in profile form to ensure that all corrections necessary
have been made. Next. the data are synchronized in time
with the airborne data, interpolated, 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
error' changes in location of the ground-based magneto-
meter. or changes in the airborne equipment. 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 altitude 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"

to represent the "signal" of interest.

Statistical Adequacy Test

We can define three separate criteria for detection thres-

holds (ref. Currie. Analytical Chemistry. Volume 40, No. 3.

March 1968) of which only one is directly applicable to



our case; this is the critical level. 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 second. "a priori"f
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 rate'

most of the error (exclusive of systematic errors due to

electronics, etc.) in the corrected data can be ascribed

to random errors within the applied corrections. The

corrections are basically 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:

1. In the best case' the error in each correction is

add it ive-

2. The sum of these corrections also follows a Poisson

distribution.

3. The uncertainty in the correction itself, is equal

to the square root of the correction applied.

4. 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:

"If 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 inadequate' the adequacy of each

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 adequacy as explained

above.

Not only are the results of this statistical adequacy

test used to insure that calculated ratios wiK be mean-
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injful (in terms of statistical adequacy), but they are
also utilized to determine the optimum interval over which
the data should be averaged (e.g. 5 seconds or7 seconds'
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
adequate, 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 processing it is assumed that correlations be-
tween radiometric parameters (count rates of total count,
K. U. T. 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 manner,
described below.

All data (K, U, T, and 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 log normal dis-
tribution.

In addition to the Chi Square Testy 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
as a basis for determining which data are anomalous with-
in a given unit. A sample of such a histogram distribu-

tion is presented in Figure 14.
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GEOCHEMICAL ANALYSIS

The required "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
data the following described process was applied to data
from all of the quadrangles involved in the project.

This geochemical 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
samples comprising each mode were spatially coherent' then
the unit was broken into subunits and incorporated into
the Uranium Anomaly/Interpretation Map. If however' the
samples were randomly dispersed throughout the quadrangle'
the formation in which they occurred was not subdivided
and was treated in the normal fashion.

The second process in the geochemical analysis involved
the generation of principal components for each formation
within the auadrang le. Te varisuLes used were K. U, and
T which resulted in three (3) components per unit.
Principal components were examined for similarities and/or
differences amongst the rock units. A discussion of
similarities and/or discrepancies observed, as well as
possib le causes, has been incorporated into the interpretation
of individual quadrnagles. Additionally, 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. Davis, 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 Lohnes, 1971.

Principal component analysis is not a statistical procedure
per sei that is, no assumptions about a 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 required 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



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. Therefore,
the importance of a component may .be evaluated by examining
the propo-rtion of the total variance accounted for:

Proportion of total variance accounted for by component

1 =
n

.th
where X. represents the eigenvalue 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 individual samples of three variables.
K. U. and T were normalized - that isf the individual
variable's count rate minus its arithmetic mean was divided
by its standard deviation prior to the generation of the
correction matrix. This standardization has the advantage
of allowing the use of measurements that are orders of
magnitude different in absolute value by making them
numerically equivalent. The normalized data were then
input to a program to generate the correlation matrices.,
one per formation. Each correlation 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 (geochemicaLf mineralogical,
etc.) with results obtained from the above described
process it must be remembered what an individual airborne
gamma ray sample physically measures. First, 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 airborne measurement cannot "see"
any deeper into the underlying rock material, and is
essentially a measurement of the soil or exposed rock
(weathered) radioactivity. Secondly, since each airborne
sample is an accumulation of occurrences measured on a
moving platform over a fixed period of time, the individual
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sample represents a large area extent of surficially
exposed material. For this survey with specifications
of 400 feet mean terrain clearance and an average ground
speed. of 141 miles per hour, a single sample roughly
corresponds to an oval approximately '800 feet long by
600 feet wide (assuming an infinite uniformly 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 surficial
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 potassium. uranium,
thorium, and magnetic data. These are' integrated as part
of the text in the interpretation section. In addition to
these data. Volume II contains data presented in the form
of radiometric profiles, flight path recovery maps, anomaly
maps, and histograms. Microfiche data are contained 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 line. These stacked profiles, plotted
at a linear scale of 1:250,000, contain the following para-
meters: corrected Total Count, corrected Potassium, corrected
Uranium, corrected Thorium, U/TH, U/Kr and TH/K ratios, Bi
Air, radar altimeter, and magnetometer 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 numbers
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 line
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 occurs, 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 equivalent
set of stacked profiles for each quadrangle, photograph-
icalLy reduced to an approximate scale of 1:500,000.
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MAGNETIC PROFILES

A set of profiles containing the magnetic data (corrected,
with IGRF removed), barometric altimeter data, radar altimeter
data diurnal monitor data, 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 aircraft 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 quadrangle sheets covered by this
survey, 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 lines and tie
lines are annotated along with fiducial numbers of located
positions. Reduced scale, 1:500,000, copies of these can
be found in Volume II of this report.

ANOMALY MAPS

Gamma ray anomaly maps have been prepared for each NTMS
quadrangle included in this survey. The six anomaly maps
generated represent the following parameters: potassium,
uranium, thorium, and U/TH U/K and TH/K ratios. The data
contained in each map represent only those data which are
considered statistically adequate. This automatically ex-
cludes all data collected over water or data which falls
outside of altitude specifications (i.e., altitude greater
than 700 and less 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 lie
above or to 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 or to the east.

These maps were generated at a scale of 1:250,000 for
each NTMS sheet.
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In addition, these anomaly maps are presented in
Volume II of this report as a reduced scale of approx-
imately 1:500.000.

HISTOGRAMS

Computer generated histograms, showing the count rate
distribution for each of the six gamma ray parameters
measured and calculated as a fuction of geologic format-
ion, are presented in Volume II of this report. Informat-
ion contained on these histograms includes the distribut-
ion, the standard deviation as calculated about the mean,
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 micro-fiche.
The microfiche are contained in Volume I of this report
as Appendix I. Each of the single record and averaged
record data listings are presented for the data contain-
ed in a single quadrangle. The data contained in the
single record data listings are summarized below:

1. Fiducial number.

2. Quality - this defines the results of statistical
adequacy testing for altitude, potassium, uranium,
and thorium. A value of 0 indicated that the data
are statistically adequate. A value of 1 indicates
that the data are statistically inadequate. Data
collected in excess of 700 feet and less than 200 feet
are considered statistically inadequate.

3. 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 - code representing geologic units.

8. K,UT - count rate of corrected K, U, T data.

9. U/TH, U/KTH/K - calculated ratios of the varies

parameters.
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10. Total count - corrected total count data (0.4 to 3.0
MeV).

11. COS - 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 Listings
are summarized below:

1. Fiducial number

2. Quality - this defines the results of statistical
adequacy testing for altitude. potassium, uranium,
and thorium. A value of 0 indicates the data are
statistically adequate. A value of 1 indicates that
the data 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. K. U, T - count rate of corrected K. U. T data and
the number of (+) standard deviations from the mean.

7. U/TH, U/Kr Th/K - calculated ratios of the various
parameters and the number of ( )standard deviations
from the mean.

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

9. -COS - downward looking cosmic count rate in the 3-6
MeV channel.

10. Uair - atmospheric Bi-214 count rate.

DATA TAPES

Data tape files have been generated for each of the 1:
250,000 NTMS quadrangle sheets. The tapes are IBr com-
patible and recorded on 9 track EBCDIC at 800 bpi. 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 in
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 uraniferous materials.

Within this context, data interpretation has been oriented
toward gross regional detection and description of
anomalously high concentrations of uranium. To accomplish
this, the profile data were located by geologic units (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
particular geologic unit. No Chi Square 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 anomaly map for each variable.

Minimum requirements 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 Bi 2 1 4 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 more standard deviations above the mean.

3. 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 below the
meant the U/T ratio 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 ninerals, (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)
effects 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 pseudo-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 geological, magnetic, and

statistical trends. Only the long variations within each
variable would show any continuity from line to line (on a
wide line 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 overlaid on the
corresponding geologic 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 anomalous uranium, 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 profi les it was clearly
indicated that the spectrometer system was highly sensitive
to changes in gross surface composition (even in areas of
Low counting rates). Thus radiometrics have a real
potential for performing general surficial
mapping/"geochemical analysis" on a geologic formation (or
soils) basis in addition to merely radioactive mineral
"anomaly hunting".

Mean values of percent potassium (%K), equivalent uranium
(eU), and equivalent thorium (eT) incorporated into the text

are based on the radiometric systems sensitivity as defined

by calibrations on the DoE's Lake Nead Dynamic Test Range.

Normalized equivalent sensitivities at 40n feet altitude are:
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Equivalent
Radioelement Percent / PPm Counts/Second

K 1% K 90.0

U 1 ppm eU 9.6

T 1 ppm eT 6.4

The anomaly tables included with each quadrangle's
interpretation discussion list only 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 requirements.
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ROCK SPRINGS QUADRANGLE

The geologic map on which the statistical analysis and
interpretation were based was provided by DoE/BFEC.
Formation descriptions included in Appendix A were
derived primarily from the Geologic Atlas of the
Rocky Mountains (1972).

Dominant 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 Cretaceous sediments.

Quaternary 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 in the northern most extent of

the Rock Springs Uplift. Tertiary sediments of Eocene age

dominate the quadrangle (about 60% of exposed material).

The Paleocene Fort Union Formation and Cretaceous sediments

comprise the bulk of the remaining 20%.

The Wasatch' 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. The Cretaceous units (e.g'. Lance. Fox Hills/Lewis'

Almond' Ericson, Rock Springs. Blair, and Baxter Formations)

are representative of complicated' short period/high energy'

oscillating marine to continental, paludal, and lacustrine

environments. In general, the intermontane basin sedimentation

within the area becomes more pronounced and shifts away from

marine influence after Cretaceous times. Much of the intra-

formationaL facies descriptions available have been derived

from extensive subsurface studies (logging, drillhole' seismic

surveys, etc.) conducted for oil and gas exploration within

the Tertiary basins. The outcrop map 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 quadrangle,
large exposures lie 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 uraniferous Browns
Park formation by Buffler (1967). The Eocene has been

extensively studied by such investigators as Cashion
(1967), Bradley (1964), Roehler (1969), and Oriel (1962).
Love (1961) has synthesized Cenozoic sediments and
structural mobility. A number of investigators such as

Waage (1967), Weimer (1960), and McCubbin and Brady (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 coal deposits of the Red Desert Basin (Masursky
and Pipiringos, 1959) and in some Eocene phosphatic
sediments (Love, 1961).

Interpretation, Discussion, and Results

The resulting uranium anomaly/interpretation map is
displayed 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 lithologic 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

than Tertiary units. This relationship can be seen on 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

Line Rock
Number Type

212 Tbp

212 Tw, Tbp

212 Trg

213 Tb

214 Tb

214 Tgr

213,214.TL21 Tw, Tgr

213 Tgr

216 Twk

213 Twk

216 Tgr

215 Tb

215 Tb

216 Tb

Anomaly
Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

w

Number of Samples with Defined a*
0 1 2 3 4 5 6 7 8

6 3

4 11 3

11 0 0 1

2

1 4

2 1

15 13

2 13

2 4 2

1 0 2

4 7 1

1 3 1

2 1 1

5 4 6 1

Type

U/T

U

U/T

U/T

U

U/T

U

U

U/T

U/T

U

U/T

U/T

U/T



TABLE 1

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Rock
Type

Tb

Twk

Anomaly

Number

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Tgr

Number of Samples with Defined o*

0 1 2 3 4 5 6 7 8

1 2

2

Type

U

U/T

U

U/T

U/T

U/T

U/T

U/T

U/T

U

U

U/T

U/T

U/T

Line
Number

216

T19

217

217

218,

218

219

219

218

218

218

220,

T122

220

Tg r

Tb

Tb

Tb

Tb

Tb

Tgr

Tw,

Tgr

Twk

Tw

Tw

5

12

2

0

1

1

4

2

6

1

0

1

1

2

2

1

1

1

1

2

5

19

2

2

2

2

2

3

2

2

1

T126

3 7 1 3

0 2

Tgr

T120



TABLE 1

Anomaly

Number

29

30

31

32

33

34

35

36

37

38

39

40

41

42

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Rock
Type

Tw

Tb

Tb

Line
Number

220

221

221

221

221

221, T121

221

222

222

222

T122

T123

218

226

Number of Samples with Defined a*
0 1 2 3 4 5 6 7 8

2 1

3 2

3 3

1

1 2

Tgr

1

11 10 2

1 7 2

Type

U

U/T

U/T

U/T

U

U/T

U/T

U/T

U/T

U/T

U/T

U/T

U

U

3

1

1

1

1 0 0 0 1

3

2

1 4

2

1

2 2

Tfu

Tw

Tw,

Twk

Tg r

Tw

Tb

Ke

Kba

Tb

Kl

2

2

2



TABLE 1

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Rock
Type

Kb L

KL

Kl

Kl

Ke

Kl

Ke

Ke

Tw/Q

Tfu/TVU

Tb

Tw/Tgr

Anomaly

Number

43

44

45

46

47

48

49

50

51

52

53

54

55

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

3 0 1

3 1 6 2

2 1

2 5 3 1

1 0 0 1

2 3

2

2 1

Type

U/T

U/T

U

U/T

U/T

U

U/T

U/T

U/T

U

U

U

U/T

Line
Number

226

227

228

T122

229

230

230

T123

231

232

233

234

216 Tb

2

2

1

7 3

1

3 0 1

3 0 1

2 1 1

6 3 1 0 0 0 1

1



Line
Number

T126

218

T122

234. 233

214

T119

215

233

232

232

231

TABLE 1

ANOMALY SUMMARY

ROCK SPRINGS QUADRANGLE

Rock
Type

Tb

Tgr

Kal

Q, Tw

Tw

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

1 2

2 1

3 0 1

2 6 14 5 7 3 1 3

1

Anomaly
Number

56

57

58

59

60

61

62

63

64

65

66

Type

U

U

U

U

U

U/T

U

T

T

T

T

3 1 2 1

1

2

1

2

2

4

1 1

*Reflect only U channel except 63-66.

2

2 1

3

Tgr. Tbp

Tgr

Tw. Tbs, Q

Tw

Tw

Tw
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Figure 17 Rock Springs Quadran~e-Potassium Pseudo - Contour Map
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Figure 18 Rock Springs Quadrangle-Uranium Pseudo - Contour Map*
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Figure 20 Rock Springs Quadrangle-Magnetic Pseudo - Contour Map*



The uranium pseudo-contour map displays broad areas of
relative highs in the southeastern and southwestern
portions of the quadrangle. These correspond approximately
to the southern portions of the Washakie Basin, Red Creek
Syncline and Green River Basin. In 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 anomaly 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. Within 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 quadrangle. With the
exception of Table Mountain, the minor volcanic
extrusives and intrusives are not in evidence on the
pseudo-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 ratio) 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
occur in an oval pattern within the Washakie basin in

the Eocene Wasatch, Green River, and Washakie Formations.
These anomalies generally occur in mild to moderate badland

topography wherein outcrop exposures may be related to

observed anomalies. Anomaly 26 is one of the strongest
(106 to 109 cps or minimum 10 ppm eU) within the quadrangle
and has a very strong associated U/T anomaly. Similarly,
anomaly 35 at 91 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 eU). Many
of the anomalies (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 eU). It occurs in Green River and
Wasatch Formations but is adjacent to volcanics (Tvu).
This anomaly 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 with the northeast flank of the Rock
Springs Uplift. These anomalies occur mostly within
Cretaceous sediments (Lance and Erickson Formations).
Within this group, the highest count rate is exhibited by
anomaly 39 (103 cps or 10 ppm eU). 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 Uplift) separate two zones of low
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
Uplift. The mapped Wamsutter Arch coincides approximately
with a linear offset in the magnetic gradient as it
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 pseudo-
contour map).

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 is perhaps due to
mantling by soil. Exposures of the Wasatch in The Red
Desert differ greatly in the uranium and thorium channels
from occurrences elsewhere in the quadrangle. This is due
to uraniferous subituminous coal in the area (Masursky,
Pipiringos, 1959).

Principal component analysis revealed that: the first two
components generally account for 80-90% 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 (Cretaceous Rock Springs) differ from this in that their
first components correlated with uranium and thorium and

the second with potassium. (Refer to Appendix C). 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 Formations, 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 (Rock Springs). The Rock Springs
formation contains no uranium anomalies, whereas the
Wasatch contains 14. The Wasatch is.described as a
red bed of- mixed fluvial, alluvial, peidmontf and paludal
sediments while the Rock Springs is a coarser arkosic
sandstone.

Comparison of the Wasatch with the Eocene Bridger Formation,
TB. (which has components in agreement with the previously
described general results) shows, (1) almost identical mean
counting rates for the three radiometric channels.
(2) Wasatch has 18 uranium anomalies versus 14 within the
Bridgers and (3) the Bridger is a varicolored siltstone
with interbedded volcanic ash layers while the Wasatch is
a coarser clastic redbed sequence.

The Cretaceous Blair Formation, KBL, which is in contact
with the Rock Springsf 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 a shale compared to the arkosic sandstone of the
Rock Springs Formation.

The undifferentiated Quaternary unit (Q) presents a different
problem. It is scattered throughout the map. over lying (and
containing material from) formations that follow the general
rule as well as the other two formations (Tw, 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 link 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 Ql and Tg which
occur in the northwest corner of the Rawlins Quadrangle
are not defined in the map's explanation. For purposes
of this report, 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 quadrangle varies from gently rolling
plains (at approximately 7,000 feet above sea level) to
rugged mountains with elevations upward of 11,000 feet
(Medicine Bow, 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 west, (2) the northwesterly trending Rawlins.
Sierra Madre and Medicine Bow Uplifts, (3) the lesser
intermontane Tertiary Hanna and Carbon Basins in the
northeast and, (4) the western edge of the Laramie Basin.

Approximately 40% of the quadrangle 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 Cretaceous sediments
with a few scattered outcroppings of Paleozoic rocks.

Faulting in the quadrangle 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 Cretaceous sediments. A larger
northeasterly trending feature, the Mullen Creek - Nash Fork
Shear Zone/ cuts across the southeast corner of the quadrangle.

There are several known uranium occurrences and economic

deposits within the Rawlins Quadrangle (refer to Figure 3).
Commercial uranium deposits lie within the Poison Basin,
in the southwest corner of the quadrangle (Ormond, 1957) -
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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. Breger' et al.. 1955).
Within the Red Desert area the thickest uraniferous coal
beds occur along the transition between the Wasatch and

Green River Formations.

Scattered uranium occurrences also lie 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 interpretation map. These uranium occurrences
are within quartz 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 occurrences are of economic
grader but their similarity to the Blind River deposits
of southern Canada makes them of interest for further
investigation.

Interpretation. 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 K. U. T and magnetics used for regional evaluation.
General lithologic unit descriptions for the quadrangle are
given in Appendix A. Statistical tables, including principal
component results, for each formation (citing type of
distribution' measure of central tendency, and standard
deviation) are given in Appendix D.

Within the Rawlins Quadrangle. the areas exhibiting the
highest overall uranium count rates are the Red Desert Basin
in the northwest; the Miller Peak Area in the central third
of the quadrangles 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 count rates are not the crystalline Pre-
cambrian rocks. Rather, they are the Tertiary sediments
such as the Battle Springs, Wasatch, and Browns Park Formations.
Lowest uranium count rates generally occur in the eastern
portion of the quadrangle, to the north of the Mullen Creek -
Nash Fork Shear Zone; perhaps due to the overlying glacial
deposits. (Refer to Figure 23, Uranium Pseudo-contour Map.)
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Figure 21 Rawlins Quadrangle-Uranium Anomaly/Interpretation Map*
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TABLE 2

ANOMALY SUMMARY

RAWLINS QUADRANGLE

Line
Number

234
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233
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232
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Rock
Type
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Q
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Number of Samples with Defined o*
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1 2 2 1

4 3 2

7 7
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1 1
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U/T

U

U

U

1

1

1

2

1

2

1

4

8

1

1
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2

1

3

2

3

2

3
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TABLE 2

ANOMALY SUMMARY

RAWLINS QUADRANGLE

Line
Number
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230/TI18

230

230

230

TL 18

229

229

229

229

228

228
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Rock
Type
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1

1



Line
Number

TL 12

228

227

Anromaly
Number

27

28

29

TABLE 2

ANOMALY SUMMARY

RAWLINS QUADRANGLE

Rock Number of
Type 0 1 2
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2 4
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224/TL15

224
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Line
Number

223
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TL 16

221

221 /TL15
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TL 14

TL 14
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TL 15
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TABLE 2

ANOMALY SUMMARY

RAWLINS QUADRANGLE
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Type 0 1
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TABLE 2

ANOMALY SUM

RAWLINS QUAD

R o c k
Type

Pcgn

Kmv

Tbp

PCu

Pcgn/Qal

Tbp

Tbp

Pc u

Pc gn

Qal

Pcgr

Anon a l y

Number

54

55

56

57

58

59

60

61

62

63

64

65

66

MARY

RANGLE

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

2 2

2 1

4

2 3

2

2

2 1

2 1 1

1 1

3 8

2 1

1 2

1

c00

Type

U

U

U/T

U/T

U

U/T

U/T

U

U

U

U

U/T

U

Line
Number

220

219

219

219

219

218

218

217

TL11

TL10

217

Kle/Tbp

Pc g r

216

216



AnomaLy
Numbe r

67

68

69

70

71

72

73

74

75

76

77

78

79

80

ARe flec

Type

U

U

U

U

U

U

U

U/T

U/T

U

U

U/T

U

U

t only 1

Line
Number

216

215

215

214

214

214

213

213

213/TL17

213

213

212

TL 16

TL 16

channeL

TABLE 2

ANOMALY SUMMARY

RAWLINS QUADRANGLE

Rock Number

Type 0 1

Pcgr 3

Pcu/Pcg 1

Pcqm/Pcq 2

Twc/TgL 4

Twc 2

Pcqm 2

Tgl 2

Tbp 2

Tbp/Twc 4

Pcgn 2

Pcu 2

Kl/Tbp 1

Ql 3

Q/QL 1

of
2

1

1

1

1

1

1

1

3

1

1

Samples with Defined a*
3 4 5 6 7 8

1

1

1

1

1

1

4

1
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Of the 80 statistically significant uranium anomalies
listed 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 least at the 1:250.000 scale). Several statistical
anomalies were rejected as being too near cultural features
such as roads. 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 group'
the largest uranium count rates occur at anomalies 4 and 6
(both 130 cps. or 13 ppm eU).

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 eU)
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 Basin, beginning near the Ketchum
Buttes and continuing somewhat northeast of the Miller Hill
Anticline, is a series of anomalies which occur within the
Brown's Peak Formation, Cretaceous Steel Shale and the
Niobrara Formation. Of the anomalies within the Brown's
Park Formation, the highest count rates are associated
with anomalies 44 and 45 (both of which are greater than
250 cps. approximately 26 ppm eU). The Miller Hill area
is known for uranium deposits discovered in 1951. These
deposits are a sandstone-impregnation type and are not
confined to specific stratigraphic horizons (Ormond, 1957).
The Brown's Park and Cretaceous Formation anomalies occur
in an area of complex folding and faulting (refer to, the
geologic base map). If a singlet uniform mechanism is
assumed both for the Cretaceous and Tertiary anomalies,
the spatial relationship suggests a post Brown's Park age
for the uranium mineralization. It should be noted here
that the geologic map indicates Eocene, whereas the Rocky
Mountain Atlas indicates Miocene and Pliocene ages for the
Brown's Park.

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

Northeast of the anomalies within the Brown'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 37f which lies within the Brown's Park Formation'
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-
southeasterly direction.

East of these four anomalies is another group of five (5)
anomalies which occur at the confluence of the Ridge
Anticline. Wallcott Syncline and the Bloody Lake Anticline.
With the exception of one (Anomaly 33)f these anomalies
(23. 26,27 and 30) lie within undifferentiated Tertiary
sediments and the Cretaceous Lewis Shale. Anomaly 33f
which has the highest count rate at 67 counts per second
approximately7 ppm eU)' occurs within undifferentiated
Precambrian rocks. Here' again this group of anomalies
occurs in an area of intersecting structure.

Anomaly 38f on the eastern edge of the quadrangle' occurs
in an area of Precambrian basic intrusives and schists. It
is associated with uraniferous Precambrian conglomerates
occuring in the Rock Mountain area of the Medicine Bow
Mountains (Graff and Houston' 1977).

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

Of special note in the quadrangle is the large BiAir (Radon)
signal observed over the Poison Basin along flight lines
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 lines 220 and 221 occurring in the Brown's
Park Formation nor directly over the Poison Basin anomaly (75).
This could be a result of local 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
amplitude magnetic anomaly. The Hanna and Carbon Basins
also correspond to areas of low amplitude. 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 anomalies. 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 defined, 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 Elk Mountain area is marked
as a magnetic basement high on the interpretation map.
Inferred magnetic basement faulting trends northwest'
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 Mountain in the Sierra Madre
Uplift (refer to the interpretation map. Figure 21. The
younger Precambrian unit (Pcgr) is more wide spread. but
occurs mostly in the Medicine 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 is

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-
tribution) roughly coincides with the boundary of a thermal
event dated at 1450 m.y. (Hedger et al 1967).
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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 -samples (Units Tbs,
Tw, Twc. Tkf, Ths and Td) exhibit a high degree of
correlation with thorium and uranium for the first
component and potassium for the second. Note' however
that a majority of the statistical uranium anomalies, a
total 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 (Two Wasatch; Tbp. Browns Park and Tfu,
Fort Union) have differing numbers of samples and in
the case of Brown's Park, different means for the K. U
and T proportions. However, the first two principal
component results in both quadrangles have similar
correlations.

A most unusual concentration of thorium is present in
surface materials of the Red Desert Basin area. Typically.
T1208 count rates range from 200 to 300 cpsf which is as
great or greater than throium count rates from exposed
Precambrian granites (e.g." Sheep Mountain). Available
literature. Masursky and Pipiringos. 1952, and Bregerf
1955f does not discuss the thorium content of the sediments
or uranife.rous coals. However, Breger does list several
rare earths' such as Lanthanum' in his tables of chemical
analyses. Considering this; it is possible that the thorium
may be associated with the rare earth compounds.
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CHEYENNE QUADRANGLE

Statistical analysis and interpretations of this quadran-
gle were based on a geolc'ic 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 quadrangle varies from the gently
rolling Great Plains occupying the eastern half of the
quadrangle (approximately 5000 to 6.000 feet above sea
level), to the rugged Larmie Mountains with several thous-
and feet of relief. The land form within the Larmie
Basin, 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 occupies
the western quarter of the quadrangle Structurallyt it
is asymmetrical being deeper to the west near the Medic-
ine Bow Mountains and shoaling in the direction of the
Larmie Mountains. Anticlinal and synclinal warps, high
angle normal faults and thrusts are present, but
their relation to deeper structure is unknown.

Exposed units within the quadrangle are Tertiary. Mesozoic and
Palezoic sediments, overlain by abundant Quarternary
cover. Thorough treatments of Miocene 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 described in de-
tail by a number of workers such as Cashion (1967). Bradl-
ey (1964). Roehler (1967), and Oriel (1962). A large
number of general Upper and Lower Cretaceous studies exist:

e.g.. Weimer (1960). Cardinal (1970). Haun et al (1960),
Asquith (1970). More specifically. Berg, et al (1964)t
has treated the Pre-Niobrara 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.g. Steitman's work (1974) on the Casper. Forma-

tion.
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Similarly. 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 its exact nature was not found in the published
literature. A number of units occurring in the quadrangle
such as the Wind River and Ogallala.Formations, are either
uranium producers or have occurrences within them elsewhere
(Ruckley. 1972).

The youngest materials in the quadrangle are composed of a
sequence of Quaternary units ranging from alluvium to terrace
deposits. These constitute approximately 17% of the mapped
units. Sediments of Miocene. Pliocene, and Oligocene age
dominate the surface of the Denver Basin and are exposed
like patchwork within the Laramie Basin and Uplift; e.g..
the Ogallala. Arikaree, BruLe. White River, North Park,
and Chadron Formations. These account for some 51% of the
exposed rocks 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
lateral and vertical variations within individual lithologies.
The Laramie Basin contains exposures of both Upper and Lower
Cretaceous units such as: The Lance, Niobrara, and Frontier
Formations: The Lewis, Mowry, Pierre, Steele, and
Thermopolis shales; and the Cloverly group. Other mesozoic
units account for only 2% of mapped exposures.

Palezoic units occur principally on the east flank of
the Laramie Uplift and represent some 4% of mapped exposures.
Of the Paleozoics, the Casper, a calcareous aeolian
arkosic sandstone/quartzite with limestone interbeds, is
the most prominent.

Precambrian Rocks comprise some 20% of the mapped exposures
and are restricted entirely to the Laramie Uplift. Granite,
quartz monzoniter granitic schists, and gneisses are the
dominant rock types. In some cases aplites and granites
are found to intrude older crystalline rocks. Lesser
occurrences of norites, met anorites, anorthosite, and
quartz diorite are noted.
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Interpretation, Discussion, -nd Result s

The resulting uranium anomaly/interpretation map is dis-
played in Figure 26. Anomalies depicted on this map are
summarized in Table 3. Figures 27 through 30 present
pseudo contour maps of K.UT and the magnetics utilized for
regional evaluation. General lithologic unit descript-
ions are presented in Appendix A. Statistical tables,
including principal component results, for each format-
ion (citing type of distribution, measure of central
tendency, and standard deviation)are given in Appendix E.

In general, older sedimentary units (exclusive of the
Precambrian) have lower count rates than do the younger

sediments. The diversity of lithologies mapped are, in
general, reflected in the variable radiometric pattern

exhibited by the psuedocontour maps. This is especially

true in the case of the potassium and thorium data. In
many specific cases, 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 anomalies
are distributed throughout most of the mapped geologic
units, the larger single anomalies and well defined

clusters of anomalies tend to be associated with Tert-

iary or Precambrian units. Anomalies occuring within

Cretaceous units are generally isolated and exhibit
lower count rates. The Tertiary Ogallala, which has the

broadest areal extent of any of the units contains more

anomalies (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
variability.

Depicted on the uranium anomaly/interpretation map

and summarized in Table 3 are a total of 66 anomalies

which remain after screening for relative thorium

depletion. U/T ratios water/marsh relationships
and proximity to cultural features. Most instances of
high count rates correlate with valid anomalies. Ex-

ceptions exist where high counts correspond to rail-

road beds and road cuts.

Anomaly 5, near Chalk Bluf possesses the highest
uranium count rate in the quadrang le at 94 cps (10 ppm

eU). It. together with anomalies 1, 8, 12, 13. 15, 16,

18" and 19, form a northeast trending zone in the

southeast corner of the quadrangle. This group of
anomalies occur coincident with the contact between the

Ogallala Formation and the Brule, Arikaree' and Quaternary

terrace deposits. A similar cluster of anomalies

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

edge of the quadrangle. The area circumscribed by'both

these groups of anomalies aopears to be an anticlinal

pi sociatd wihk o-troleut = r&o-:ct i. Presence
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TABLE 3

ANOMALY SUMMARY

Line
Number

212. TL3

212

212. TL8

212

213

213

TL1

214

Anomaly

Numbe r

1

2

3

4

5

6

7

8

9

10

11

12

13

CHEYENNE QUADRANGLE

Rock Number of Samples with Defined U*

T ype 0 1 2 3 4 5 6 7 8

To/Tb 4 4 6 1 1 3

PCgr 5 5

PCgr 5 7 1

Ku, KCV 1 1 1

Type

U/T

U

U

U

U/T

U

U

U/T

U

U

U

U/T

U/T TL2

4

5

1

2

1

3

2

1

1 8

2

2

3

1

2

2

3

7

4 1 3

3

3

1

1

5 1

214

T L9

215

215

213f

To, Tb

To

Tb, Qt

To

To

KmT, Q

To

To, Ta

To



TABLE 3

ANOMALY SUMMARY

CHEYENNE QUADRANGLE

Rock Number
Type 0 1

Qal, Kn

To"QtQal

To, Qt

PCS

Ta

To

Tb" Tc

Pc g r

PPC, Q

Ks

Tb, Q

Qal, Kmt,Qmc

Kn. Qal

To

2

4

1

of Samples with Defined o*
2 3 4 5 6 7 8

2

2

3

2

2 1

4 2

2

2

2 1

2 1

3 2

7 4

3 4

1 2

1

1

1
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26

27

Anomaly

N u nb e r Type
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216
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T L7
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221

Line
Number

U

U

U

U

U

U
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U

U

U

U

U
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U/T
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TABLE 3

ANOMALY SUMMARY

CHEYENNE QUADRANGLE

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

To, Ta 6 9 1

Ta 2 1

To, Ta 1 2

PCs 2 1

224

TL9

224
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226. TL6
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Tb'Ta
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Number
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Type
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U
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Number
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222
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3
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U

U

U

U

U

U

U
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U

1

2
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2
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TABLE 3

ANOMALY SUMMARY

Anomaly
Number
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44

45
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47
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53

54

55

CHEYENNE QUADRANGLE

Rock Number
Type 0 1

QalTA 3

PcanPcs 2

Th.PPc 2

Th 2

Line
Number

229

229

229

229

229

229

230

230fTL6
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U

U

U

U

U

U

U
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U

U

U

U

U

4

4

2

3

2

2
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2 3 4 5 6 7 8

1 1

1

1

1

2

2

2

4

3

6

2

1

1

2

1

1

1

1
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ANOMALY SUMMARY

CHEYENNE QUADRANGLE

Rock Number

Type 0 1

Tu

Tc 3

A nomalI y
Number-

56
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U
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U

U

U

U

U

T

T
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Number
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Figure 27 Cheyenne Quadrangle-Potassium Pseudo - Contour Map*
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of cultural features near many anomalies in this area
is not believed to invalidate them.

Anomalies 2, 7, and 28 - 30 occur along the
northern contact of the Ogallala Formation with the
BruLe and Arikaree Formations. Anomaly 30 has the
highest uranium count rate at 44 cps (4.7 ppm eU).
While uranium count rates associated with these ano-
malies are lowcr than those exhibited by the Chalk
Bluff features' they appear to be of similar character.

Anomalies 40. 42, and 49 occur in and adjacent to
Chugwater and Slater Flats which cre underlain by the
Brule and Arikaree formations. None of the anomalies
correspond to lithologic contacts or topography. All
of the uranium anomalies are above 50 cps' anomaly 40
having the highest count rate at 76.8 cps (8.2 ppm eU).
Culture in the area is restricted to scattered farms.
These anomalies may arise from in-situ minerals or trans-
sported material from the nearby Richeau Hills (Casper
formation),

Goshen hole in the northeast corner of the quadrangle.
is an area of present exploration activity. Anomalies
48, 51. 52. 57, and 60 - 63 occur in this region.
Anomaly 63 has the highest uranium count rate at 54 cps
(5.7 ppm eU). All of these features occur within what
is mapped as Brule and Lance Formations, forming a zone
roughly coincident with the contact between the two
formations. Examination or the flight path film indi-
cates some correlation of cultivated areas and anomal-
ous features.

Anomalies 10 and 14 (maximum count rates of 50 cps or
5.3 ppm eU) are located in the gently rolling topography
of the Laramie Basin. This area is underlain by the
Cretaceous Niobrara and Frontier Formations. These anomal-

ies are typical of the small' dispersed, moderate
count rate anomalies observed elsewhere in the Laramie
Basin.

Anomalies 9, 20, 22 and 24 occur at the south end of the

Laramie Mountains just east of mapped outcrops of
Precambrian granites and quartz monzonites in contact
with the Brule and Casper formation. Count rates exhibited
by those anomalies are moderately high; most of these being

above 40 cps, with maximum of 51 cps (5.4 ppm eU).
Associated thorium highs' such as 180 cps (28 ppm) near
anomaly 24, may indicate primary mineralization. Anomaly
9, is adjacent to a highway, rai Lroad, and quarry and may
result from artificial exposure.
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Anomaly 2 lies well within Precambrian granites. It has
a maximum of 55 cps (5.5 ppm eU) and a thorium count of
213 cps (33 ppm eT). There are mapped Tertiary dikes
nearby which may be related to the anomaly. These dikes
could be thorium rich intrusives as in the Wet Mountains
of Colorado. Anomaly 3t within an area of undifferentiated
Precambrian (54 cps or 5 ppm eU)t has similar dikes mapped
in the area.

The exposed Precambrian rocks of the Laramie Uplift are
clearly delineated in the pseudo-contour magnetic map.
The abrupt north-south trending demarcation between the
long wave-length. low amplitude anomalies of the deep
Denver Basin on the east and the high frequency. higher
amplitude magnetic expression of the Uplift corresponds
to the major thrust fault running south along the Front
Ranges. In the west-central portion of the quadrangle
the Laramie Basin corresponds to a broad magnetic low.

The Magnetic basement within the Denver Basin is more
complex than suggested by available literature. Several
inferred magnetic basement uplifts and faults are displayed
in the interpretation map in the eastern third of the
quadrangle. Some corroborating evidence is suggested by
the Bouger anoma ly map with the Rock Mountain atlas of
Geology (1972).

Within the Laramie Uplifte a mapped Precambrian Anorthosite
(PCan) corresponds to a magnetic low surrounded by a
magnetic high. This probably results from the very low
susceptibility PCan in contact with more magnetic rocks.
Another lowe immediately to the southwest. may also
correspond to more low susceptibility anorthosites.

Geochemical Analysis Results

Five geologic formations had sufficiently distinct ploymodal
histograms to suggest discrete radiometric (geochemical)
subsets of the parent unit. These formations include
Precambrian granite, Precambrian undifferentiated, Permo-
Pennsylvanian Casper. Triassic Chugwater, and Tertiary
undifferentiated formations. The procedure utilized to
attempt this subdivision consisted of: (1) examination of
each histogram (6) per formation for polymodal tendencies;
(2) threshoLding the stacked profiles based on boundaries
of polymodal samples; and (3) plotting the boundaries within
the parent unit. No subdivision was attempted if too few
samples were available.
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Those subunits which fell above or below the threshold
and were spatially consistent across multiple flight lines
are summarized in Table 4. The anomaly interpretation
map (Figure 26), illustrates the resulting distribution
of these subunits. Even though each.parent unit contained
some uranium anomaliest the uranium channel data was not
sufficiently diagnostic relative to unit separation. For
example. the Ogallala. with the most uranium anomalies
and samples, was not readily separable into subunits.

Radiometric definition of rock subunits is dominantly
restricted to formations within, or adjacent to, the
Laramie Uplift. Subunits are differentiated from north
to south along the axis of the Uplift, on an inlier/out-
lier basis (portions of a unit adjacent to the uplift
versus portions out in the Basins), and finally on an east
flank/west flank -of the Uplift basis. The Precambrian
crystalline rocks and the Casper Formation exhibit the

most prominent axial variation.

Results of principal component analysis demonstrate that 80-90%
of the total sample variance is accounted for in the first
two components for all the formations. The Precambrian
crystalline rocks (granite. gneiss. schists, etc.) generally
have first principal components (eigenvalues) a third again
as large as most of the Mesozoic and Tertiary sedimentary
units. In general, the Tertiary units have first components
equal to those of the Mesozoic units.

The sedimentary rocks separate into two major classifications:
(1) first component correlating with uranium and thorium and
the second correlating with potassium (Brule, Ogallala.

Wind River. Arikaree, Chardron Formations, and the Cloverly
Group etc.) and (2) first component correlating to
potassium and thorium and the second component correlating with
uranium (Undifferentiated Tertiary. White River, Hanna,
Casper. Amsden Formations, terrace deposits, alluvium etc.).
The Precambrian crystalline rocks have relatively equal
first components' but, considerable variability in the
second component, e.g.' the undifferentiated Precambrian
(PCu) correlated with thorium, while the Precambrian granite
.(PCgr) correlated with potassium and Precambrian arorthosite

(PCan) correlated with uranium.

The Precambrian rocks split into two crjupinoz with respect
to mean counts in the K. U, and T channels: (1) gneiss,

anorthosite, norite, and the quartz diorite had relatively
low mean counts in all channels (except quartz diorite which

exhibited the third highest mean thorium count rate;

(2) granite. undifferentiated Precambrian and granite/quartz
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TABLE 4

MAIN UNIT

PCgr

PCu

PPc

Trc

Tu

SUBUNIT

PCg r1
PCgr2
PCg r3

PCu1
PCu2

PCu3
PCu4
PCu5

PPc1
PPc2
PPc3

Trc1
Trc2

Tu1
Tu2
Tu3

THORIUM
Level in -CPS

<

50
50
50

40
125

125
125
125

POTASSIUM
Level in CPS

< 255
< 255
> 255

< 100
< 290

290
290
290

220
220
220

60
60
60

50
50

65
65
65

< 200
> 200

250
250
250
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monzonite exhibited the greatest mean count rates in
the thorium and potassium channels (granite/quartz
monzonites also have very high uranium means). These
groupings are consistent with the radiometric mineral
composition for the various rocks (GSA Memoir 97).

In generals the Mesozoic and Paleozoic units have variable
mean count rates in all channels. The higher uranium
mean count rate was dominated by the Cretaceous units
(Frontier Formation, Undifferentiated Cretaceous. Niobrara
Formation, and the Mowry/Thermopolis Shales). Tertiary
units generally had high to moderate count rates in each
of the channels. The Arikaree, Brulet and Ogallala had
overall similar mean count rates in each channel.
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GREELEY QUADRANGLE

The geologic map used for statistical analysis and
interpretation was the U.S. Geological Survey (U.S.G.S.)
preliminary map of the Greeley Quadrangle (Braddock and
Cole, 1978). Formation descriptions given in Appendix B
are derived from the explanation of the U.S.G.S. map and
the Geologic Atlas of the Rocky Mountains (1972). Cultural
and topographic information was obtained from the
1:250,000 NTMS Greeley Quadrangle map (revision 1976) and
35 mm f light path recovery film.

Topography varies from high relief and high elevation
(13,000 feet) in the Front Range to low relief and moderate
elevations (on the order of 5,000 feet) in the Piedmont
and Great Plains. Over two thirds of the quadrangle is in
the latter category.

The Front Range Uplift in the western portion of the
quadrangle and the Denver Basin in the eastern portion
are the two principal structural features within the
quadrangle. The Medicine Bow and Laramie Uplifts are
secondary features which trend obliquely into the Front
Range Uplift within the northwestern corner of the quadrangle.
A narrow portion of the North Park Basin lies along the
quadrangles' western boundary.

Essentially anticlinal, the Front Range has a Precambrian
core flanked by steeply dipping upturned Paleozoic and
Mesozoic rocks. The Precambrian core is a complex mass of
metamorphic and igneous rock, locally cut by Tertiary
intrusives. Faults which border the Uplift dominate the
regional fracture pattern. The east flank of the Front
Range is demarcated by a northeast trending en echelon belt
of faults and associated anticlinal warpings. Within the
Uplift, major shears have been postulated as controlling
the mineralization within the northeast trending Colorado
Mineral Belt.

The Denver Basin is relatively broad (100 miles) and deep
(13.000 feet near Denver). A thin veneer of Tertiary
material covers older, slightly warped marine and
continental sediments. Upturned materials along the Front
Range exhibit the most severe folding. Oil fields
exist in both the Denver and North Park Basins.
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The North Park Basin is essentially a small, deep, down-
faulted segment of a broader uplifted region within the
Front Range. It contains 14,000 feet of marine and fresh
water sediments ranging in age from Paleozoic to Cenozoic.
Folding and thrusting complicate its' western margin.

Near ly 32% f the quadrangle is mantled by Quaternary materials
ranging in composition from aeolian sands to landslide debris.
Tertiary sediments account for 12% of the mapped exposures.
These materials are dominantly continental and include fluvial
deposits, tuffaceous beds arkosic units and lacustrine and
paludal deposits. Beds of coal and carbonaceous shales occur
in the Coalmont, Middle Park and North Park Formations.
Cretaceous units account for approximately 24% of the surface
area. with another 2% being mapped as combined Tertiary and
Cretaceous. Cretaceous rocks are generally marine. but
represent many different environments (e.g., the non-marine
Laramie Formation). Mesozoic units account for only 5% of
the surface area. Paleozoic units which include marine
limestones and aeolian sands comprise only 3% of the
materials exposed at the surface. Precambrian rocks
account for about 22% of the outcrops.

Uranium occurrences have been reported in the Jamestown
mining district within the Colorado Mineral Belt. (Refer
to Figure 3). Mineralization within the Jamestown District
is within breccias located on the periphery of an alkaline
granitic mass. Localized areas of high counting rates have
been reported within Precambrian rocks, particularly
in the vicinity of younger intrusives. Small out-
crops of Ogallala. Morrison, and Dakota sandstones are
mapped within the quadrangle. While there are no reported

uranium occurrences in these units within the quadrangle,
they are uraniferous at locations outside the quadrangle.

Interpretation, Discussion, and Results

The resulting Uranium Anomaly/Interpretation Map is displayed
in Figure 31. Anomalies depicted on this map are summarized
in Table 5. Figures 32 through 35 present pseudo-contour maps
of K, U, T and magnetics utilized for regional evaluation.
General lithoLogic unit descriptions are presented in
Appendix B. Statistical tables for these units, citing
type of distribution, measure of central tendency, standard
deviations and principal component results are given in
Appendix F.
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TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

Rock

Type

XbKc

KmwT' KTR dc. Kc

T

Qg

QaLT, Qgo

TmTbbT, Qgo.KlR dc.

Number of Data Samples (X7) with defined a

0 1 0 2 30 4 50 6c 7 80

6 3

3 3 2

2 1 1

1

4

1 4

1

4

6

4

2

1

1 1

Ano maLy

Number

1

2

3

Type

U/T

U/T

U/T

U/T

U

U/T

U

U

U

U

U

U

U

Line

Number

143

144

145

146

147

148

149

146

147

148

149

141

142

4

2

3

3

4

1

1

1

3 1

1Xg

Xg

Xg

Xg

XgQd

XgXb

Xb

2

3

2 4

7

3

2



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

Rock

Type

TKd Qgu

K

K

Qe

KI

KL

K!.KfQa

Qa

Qe

Qb Qgb

Kpm

TKi' Xb' Xg

Number of Data Samples (X7) with defined o

0 1a 20 3a 4a 5o 6o n 8o

2 1 1

2 1

5 3 4

4 2

Anomaly

Number

4

5

6

7

8

9

10

11

12

Line

Number

142

142

145

148

TL 2

142

145

142

148

TL 56

148

146

4

1

Type

U/T

U

U

U

U

U

U

U

U

U

U

U/T 1

4

2

4

2

3

1

1 4

1

1

13

2

6

3

2

4

3

1



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

Number of

0

Dat a

1U

1

Samples (X7) with defined o

2a 3a 4cy 5G 6o 7o 8Q

1 1

1

Line

Number

147

148

153

151

152

153

154

155

156

153

154

155

156

3

7

5

7

1

3

1

Rock

Type

TKi Xb

TKi Yg

Tm i

Xfh. Xg

Xfh Tg

X f h

Qd.Xfh

Xfh

Xfh

Xg

Xg.Xb

Xg

T

1

1 1

Type

U/T

U/T

U/T

U

U

U

U

U

U

U

U

U

U

Anoma l y

Number

15

16

2

2

1

1 2

5

1 4

1 5

9

4

1 2

2

3

2

2

1

1

4

1

1



TABLE 5

AN0fUALY SUrFIlARY

GREELEY QUADRANGLE

Anomaly

Number

17

18

19

20

21

22

23

Number of Data Samples (X7) with defined a

0 1o 2o 30 4o 5o 6o 7o 8o

2 1 2 1 2

4 2

2 2 1

2 2

6 3

1 1

1 2 1

2 1

Line

Number

152

153

155

Tl3

155

156

155

151

149

148

'150
153

154

154

155

Type

U/T

U/T

U/T

U/T

U

U

U/T

U

U/T

U/T

U/T

U

U

U

U

Rock

Type

Xb

Xb

Xb

Xb

Qd Yg

Yg

Yg

Yg

Yg

Yg

Yg

Yg

Yg

Kpur Kpl. Kpm' Qar KL

KJds, Kc

1 2

1 1

3 1 1

1 1

3 4 3

2 10 1 1

3 5 1



TABLE 5

ANOMALY SUf1r1APRY

GREELEY QUADRANGLE

Rock

Type

Kpu Qe

Qa Qe Kpu

Qa Kpu

Kc'Kpl

K jds

PF~if

Number of Data Samples (X7) with defined a

0 1a 2o 30 4a 5o 6o 7 8a

2 8 7

5 3 2

4 2 1

2 2 1

2 1 2 1

1

Anomaly

Ntu n be r

24

25

26

27

28

29

30

31

Type

U

U

U

U/T

U/T

U/T

U

U

U

U

U/T

U/T

U/T

U/T

U

Line

Number

154

TL 56

151

159

TL 6

160

157

158

159

161

157

159

158

160

157

2

1 1

1

1

2

2

2

1

1 1 1

1Xb

Xb

Xb

Xb

Yg

Xb. Qd

Xgr Qd

Yg

Xg

2

1 3

2

2

5

4

1



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

Number of

0

Dat a

1a

1

1

1

1

10

3

2

2

4

Anomaly

Number

32

3.3

34

35

Samples (X7) with defined a
26 3a 4a 5a 6 7

3

2

2

2

6 1

1 2 1

1

1

2

2

1

5

3

Type

U

U

U

U/T

U

U

U

U

U

U

U

U

U

8a

Line

Number

158

162

163

164

165

166

TL 8

161

162

164

164

1 61

162

Rock

Type

Xg.Qd

Yg

Yg

Yg

Yg

Yg

Yg

Yg

Yg" Qd

Qd

Yg

XbYg

Xb Yg

2

7

2



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

Number of Data Samples (X7) with defined o
0 16 2o 3a 4a 5 6a 7a 8a

1 3 1 1

2 1

2 1

1 2

Rock

Type

Xb.Yg

Xb.Yg

Xb

PFi f

PFi f

Qe

Kpu QeQa

Kpu Qa,Kc

Kc, 1e

Kpu. Qe

Kl

Qa, Qpu

Qe

1

2 5 3

Type

U

U

U

U

U

U

U

U

U

U

U/T

U/T

U

Line

Number

'163

164

TL 7

165

166

160

163

166

169

TL 5

TL 3

TL 5

169

1

1

1

6 1

Anomaly

Number

36

3 )

39

40

10

8

13

16

2

7

1

4

6

11

16

1

7

2



TABLE 5

ANO[''AI.Y SriARY

GREELEY QUADRANGLE

Anomaly

Number

41

42

43

44

45

46

Type

U

U

U

U

U/T

U/T

U/T

U

U

U

U

U

U/T

U

Line

Number

165

166

167

168

170

171

TL 7

168

169

170

171

172

1 71

172

178

Number of Data

0 1«

2

Rock

Type

XgYg

Xg.Yb

XgrYg

Xb, Xg, Yg

Xg

Xg

Xg, Xb

Tmi Qd

Tmi

TcXb

Tv Taf

Tv

YgXb

Yg

Qe.K I

1

1

2

1

1

4

4

1

2

6

2

2

Samples (X7) with defined a

2u 3o 4a 5n 6n 7n 8 o

1

2 1

1 3

1 1 1

1

1

1

5

4

1

1

4 4

2

2

2

2

1

1

2

1



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

Number of

0

Dat a

1i

1

2

1

Line

Number

1 81

182

183

184

183

185

TL 6

187

190

TL 7

188

191

192

Samples (X7) with defined a

2o 3o 4o 5u 6< 7s 8)

3

1

2

1 1

1

3

2 1

Anomaly

Numbe r

47

48

49

50

51

52

53

54

Type

U

U

U

U

U/T

U/T

U/T

U/T

U

U

U

U

U

Rock

Type

Xg

Xg

Xg

Xg

P? i f

PFIif

Pflif

Kc

KLQgo

Xfh

Xb

Yg

X fh 1

1

2

2

5

7

2

2

2

1

1

2

2

4

TR Pjs



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

Number of

0

Data

1

3

Samples

2a 3a

2

(X7) with defined a

4o La 6Q 7a

1

2

2

2

1

6

2

An oma ly

Number

55

56

Line

Number

198

199

200

201

202

200

201

195

197

198

194

195

196

197

198

199

Rock

Type

XgTnp

Xg

X fhXg

X fh

Xfh

Xfh. Yg

Xfhr Yg

Yg

Yg

Yg

PI1i f

Pni f

PI if

PFif

PRi f

Ffl'i f

1

2

1

1

4

3

2

3

3

2

3

2

3

2

2

1

1

10 2

3 4

4 5

Type

U

U

U

U

57

58

4 3 1

1

59

U

U

U

U

U

U

U

U

U

U

U

U

8



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

AnomaLy

Nu mber

60

61

62

63

64

65

66

67

68

69

Rock

Type

Pflif lRPPjs

Pni f

Kl

Twr

Twr

Twr

Twr

Twr

Twr

TwrTo

Twr

Twr.To

Twr.To

Number of Data Samples (X7) with defined o

0 in 2u 3a 4Q 5o 6a 7o 80

5 5

2 2

4 2 1

2 1

2 1

2

2 1

2 1

3 2

5 3 1

2 1

5 5 2

3 2 1

Line

Type Number

198

199

U/T 196

U/T 199

U 199

U/T 202

U/T 199

U 199

U 202

U/T 205

U TL 3

U/T 208

U/T TL 3



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

An oma ly

Number

70

71

72

73

74

75

Type

U/T

U

U/T

U/T

U

U

U

U

U

U

U

U

U

Line

Number

TL 4

208

174

183

146

147

148

149

TL 7

158

159

160

161

Rock Number of

Type 0

Twr To

KJds.Tnp

tb

Xg-tb

Xg-tb

Xb

Xg

Xg

Xg

Yg

Yg

Yg

Yg

Data Samples (X7) with defined cs

1o 2o 30 40 50 6o 7o 8

1 1 2

2 1

2 1

2 2

2 2

1

1

4

8

5

2

3

2

3

3

4

5

1

5



TABLE 5

ANOMALY SUMMARY

GREELEY QUADRANGLE

Line

Type Number

162

U 158

U 159

U 193

U 208

T 144

T 145

T 146

T

T

147

TL 8

Rock

Type

Yg

Yg.Xb

Number of Data Samples (X7) with defined a

0 10 2u 3o 4 5 6cr 7o 8

1 2

3 2

2 5 4Yg

Kl

Prc f- Xg

Xb Ygi TKi

Xb. Yg

Yg.TK i

Xb Yg'TKi

1

1 1

2

2 1

7 19

4 5

7 5

2 5

4

2

1 2

Anomaly

Number

76

77

78

79





GREELEY

+. 4 NuN NNN N N NrN 4 4 44 0 U' 44 ' UN UN U' 44 U UNNU N 4444
+ 44 NNNN N r- IN 44 .0 nn n U'4n'n U'U' mU' 44444 U nUrruU'YM NNNN N MN N w o NN N m a rMAN aN N N mi N N onMrNN s s.i s e an a e e sm a

* 4 NN N 'NN l U 4 UN'NN NM NUN N U't' ' 44 U rNN 4M 4
4 4

4 4 U' .0.0.0 U' UN4Oda'N +

+ 444 aN... NurN N 44 U' U' U U' U' U' 4U 4n44 'n'n'n'n'n4 U 'U'U'4 4444ewe s en w s e 444 444444ee 44o 4 g,4n, 4 44444
+ NN4M4a----4--N- U' 4 a NN4 .0 44 ' 4 N N M444eafSSJ N Jay as 444444444 a U' 444 4 434N+

+ 4- - - ----- - -- 44 a ru U' U' Un U s .0n0 .004 .0 e .0.0.0 N U -N U 44 444 444 44 444s 4444444444 U'U'U' n u'u 444 saU'U +
+ 444U'U' -. m O -"NU'44 ' ne U'i 4N 4.-44 U'af 'n i ta4e 'n ' .00 N -'" 444 444 44e 4 =aaaa4 44 4 444 a U'U ' +

+ M NNN N N 1NO Nea ft i% -' N-- o aa 0e a taO aarM -- ...aaaa =a a e o a ea e a. a 13a a NN N NNNN a MMM+
M UNS - N 44 i UN'4N--e ]NN--.- N 44 .0.0 'n 4444n0 0--. .N N--eN N 4 a a 44 411a.4 4N4NN MM 'M +

+ 44 .. . .- w 4Hn- UN N NN ' U ' 'n 4 4 ' 'ne 0 -.. -----.-.N 44 4 44 U' 44 4 444444444444444 44444 444e 4n U' 4
* 44 ....-.. N .0 444 N ruNNN 44 44 44444 'ne 'n MU' -. -- 44 4 44 4 4 4 MM , +

+. 44 ...-.. N ' .0 'a N N.N N 4 aN N Nn 4 U'U' 'as n'n 4 - NUUM. 4 44 44 U'U' 44444444444 444444444444 44 4
* U N-4- 'U'' ''nU' N N NNN 4M n4O4 4 U' U'U' .0. 4NNd rN'' Mn a Y a ]aa aJ 4 44T4a 444444444444 4444444 4 +

+ wN TN- 44 N4 --- rN NN NU N N a U' 44 4' a U + w ' N N MU M J i4444 4 44 44 444444444444a444a 44 4
aN -.-- N 4 N V - ,- N 4 NNUNN > aN N dad U'U+ 4 4 'nM N,- N '"' N - ' U 44 44' 44444444444 4444 44 4

Na 3H 444NaN..-- VNMNN4w4wN - N U 444 . n44 4 'nU'4 -- Nu' - -NM 4a 44 4 4 4444444443 4 444 44 4 4 4 +
+M 4444N N' 4 4 N3 ... ...... N 44 U' Un Un Un 4 U' Ne -..NU' --.-NU' iU'U'n a 4 4 n4 4 444 44 U' 4444444+

* MN444444 N NN44] 44 NN U 4 U .U 4 4 4 44 U ' . .N M NM 4444444 4 444444 4 4444 4444 4444 4
+ a a J M a N M d NNN a a e miann e in me n n in - - MM -* --NMM amno w ewon w em eaa a1 M 1 awgew e

+ 44444e 4444ee U'UU 44 4 44 U' .0 .0 Un U 4 Un 4 44 44a -- N No U' U' 44n 44444 we nw eu e= 44444e 4' 4 4444 +.

+' rN44444 U ' 44 ' '4 4 4 U 0 44 . 0UUU U ' U'U44444 - n a e imn a n ia e w e . N U' N4U'e U'U' n me 4U'U' 444 4 444 4 4 44 4 44444w U' 44444 4 +
au a 4 a44 N N 4 4 4 4 U' U'U' .0 U'nU Un'N UN'U 1N'IM 4 - rNN U' NU'U' U' 4 4 4 4 4 4444 4444444 444444aa 444 4 +

M a aaa4M4 4 4 4 44 U U' U' nU'U' 4nUnn .0 m4 4 NNrN UN 'w N4- _ 4W4U, 4 4 4 4 44 mU'U' 444444 4444444 4 444444'
MN M MnN m v n nnne n e io mei n, n w u -- rN me~MMM aaaa a aaaaaaaa aaa 1 MM aaaaaaae eJU' as4U MN 'M4HiU'N4U' NOUU dU' U'4N aU' NU'N .1TU .N 4' N N NNMMU 4 444a44 4 44 44 44M-M4 44

s. 4 aaa 4 4 4 4 4 4 4 4 4 UnUn'UnU U' 4 UnUnU' 44 4444 NfrJ UN- N 44 44 44 4 444 4 U'4444 44444 4 4 ,' 4444 4 4
4. 4aaa4a4 4 

1 3s4aasaaa MM aaaa UUU'''4 lJ U NN 4 4 4 4 44 U 44 44 4 44 4 U 44

+ NU aa U' 4 4 U' NN4 4 4 H .4J Nd 'nNN N a0 N N J aU' nU' NN- NMNMH' 444 M 444 4 444U'4UrUa 4a4a4Saa aa.4as 44 44 4 4

N4Y.a 4444 444 aYJHM 4 a 4 U' 4 .N.00.0 U'NN 9NN .0NNN NNN? '4' N- N N N MM HU' 44 M4444S4.44II''iii4444a444 444aa' 444 4444a

M 4 4MN4 4a4s N a s n N4.'N'444 U' 3S NN N N N .00. U 4 4 - r -- NNM MM U' IHa 4444 4444 4 4 U'U'4U'44 444 aaaaaa 444 ,'4 444 44 4 +

+ ' aU N U 44n 4444 U'MUNN U'U 44 4 4 N NN N NN N SaS44 444444 U'4.MU'MMMM4444I'aay 444 ,' 44444 4 4+

+J enm a esMMMM aMMa a a dd nd se es aad NN IN a M s HHHwww n n nMHHM aaaa . aaaaa aaaa Se, in
NNM a een ww w a iin as 0 an bo a N da M rh r NN -wN aaa aaaaaa > Me w enMMMMMM as as MM ai Saaa Q f

44 U' Naaa NUNUa d D N 4 U' 'n'n U' U U' 4 ' N 4 N- mnU n ' a aa 44444 U'Y U'H44444 U'U' 44 4UM'U'4444Uyy 44 4 4 4 4 4444 4 +
Mee Man a nn en e a N Oa a . ea n e e ea MN -- N MMMm .n aaa asaM a aM M a w e e an m emJo aIne e ea SQ MM w I +

+ ne n e a MMMM 3 T > n nn en man dn a a rsaa d e a N Ne a en M s aQ as as M as as MMmMMMM aaaa M aaaa n se w N +
+ a H eti n aa N re e o neti aee sa t t NHM N 6 enN w M M M Tsa N aanee 3a MM ay aII V n enelMH HM .J V naaa H s a

+ a Mmm MMn aV a M NN enaNNN a wt N o N 4 su u Nrasai H iM wa enenseNw MS M aa.MM H a a M aaa s e
4 a J M MM S > M N M MY aaa 000 N n NN i M a MM a MM MMM aaaa Meuw MM MMM Sit M aaa a ensewe

4 as s MM a MH ea as M NM MQ Oae a N Odd NN ww O Nn aaa Q NII+n N HMMMM a MM MnM n ns a S aaaa e a MMM nN ee mn MIN MMM sa M aaY as

4' U' I4 MMMU' Si U' 4 U' U1i '4NNN U'. .. 0d0N 0 U' 44 U'YUNAN N.NMMHMMM'44 MMU' M' MU 4444a44344HMHMU M 'UMMMMMM 4 44a U'M 44 44 44

+ 444 U' 444U '4 4U' 4e w U'U 4 4U'U'U'Un' U rnn4.n U'4 4 U'4 U -. N- U'UU'U 444 senn U'U' U'U'4 4444w U'4U' 444 4U'U'U'4mm 444U'e 444 me

+ rama m n .a MM a MM MM M a a e N N ON N Y a aa M NN HM MM M euMen u ,s .rM M nMM Ya menee MMM M MMM M s s.M e n MMM ias as
N 44 M444 U'MM M MM4: U'4 - N U' 444 4 44Mr NU'U'U' MM U'' U' U'M 4a44 M MM'U'U'asUM 44 U' 444 44 +.

+ s sti e n n & S w w a 3 a a ea N N NNN N Nti e a3 N N ene at N N e - N M M MMM MMMM MM as e p ri n a MMM MM MM e s e i eenena et** a a e rea n M MMM rses e e
+ .MMMM M asen e a a a N . N N N - o ea m e .- N M MM M M MM M ruMMmn eeen ee sM a? JT M MMM MM m MMn mn- nno n mn m n o

+ a H MMM MM= aaaa ANnen 69 f~u N ..aaaa NN N NN ia ts S aM M34. t N N m m N MN retein.HI nn en ee .Hl a s v aela Mnense MM n M M gerees- nrmet etn Hmmm n n Hnh Hn u e s : s y a a se4 u -r u m m -o em e aaa i mne s ar n mmne-eM 4. .

+ 44M M- M- Je Tn. a a NN M 3 Ma 4V4t U'U' 4 N U 44 0 44 .0 4 4 U' N N -MM NU'.U'MVU'HVt M U' n U 4 44 U' '' .' 44 U' 444 U 4 4.
+ 4444444S N r U' N44 U'i U'UNU'H M'' ' D0 NN Nr U' "U - .0 -'U' 4 44 U''n.r 'n4NMNN44U'U 4M4 U-' ' 4 44 4444 U'U-U's a 4 U ' UU 4 -44r 4444 4

+. M4 4 U' 4Sd. U' UYU'u U 4 4 U'4 U' U Ur 4..0.-a0JU'N MNN44U 'n -a4UMMM-U'U'U' r44 4 U ''''U M4 4 44 4U'U-U' 444 4

+ a a aa YSs rN .afaNN f ra eLi e f n e e Ja en N N MM N fu N n en 't't e nfa e ee aae rt r MMMMH ae eie e e s n nw ae e-d s e ne aa ne as aee
+ NH .3J O N N 11 NY NH ree rt -ert e re riwa ea e e rire A nse N aa NN NNN MN .. M MM er pi M tense rt MMM e ta aa ' it''i stme rtes * MMMMMM MMM MM e rs** rtes i 7a2 t+
+ N 3 33,J 1ureo u o a 1 e a n ne n e a a a N N ea .N NNNN N MM a o ae a to S a M o n n a--a n e r . e MM 4 ,

NM rt M m l , *1 et fu NN *t * M MM N N N N y etre er es N atw N a r N N N i = .. eirt N N e gt n e etpe enenet rt a etretre rt et re a4 M

+ 44 U'UNU'3U' U ' U U Ur' .4' , U ' ' U U' U' 444444U' N N U'4U'Ur'U'4n U '4 ' '' ' 4 44 U'U' 4 44444U'44 U' 44 U 4 ' U
MM MMM4. sN M MM fu u M 4 U U 4 U 4 U ' n 444 UrU 4 -4 U N.. .4N +N N HMMHM U' ' 4 s 4U 4 U 4 UU' ''4 . 444 '4U'U 'U' ' 4

4.'N 'U U U U' 4 U 4 4UN . n 0 44M+4 U U 4 U4 4 '4 ' ''NUNU U' ' 44 44aU 4 'U''4N.44.U' ' ' '4 U4 4

+ N N N N a ri t v e flrt 3 2 3 re * t N rwgN N N M M M M M M a l l o f e rtst a e atstgt o-tre e tt'e eta " 'e 4 4 4mt e l rteta
+ N y H J ifur u r NN NN Nr M i aa ei n M Ma t etfri a 4 ene NN a N NNNN tse rire etrt 2 rt se et tt MM MMMM 1Ynenrt e rien rt s aa3

+ N N M S ] N M MrM M-H M M: NM as naener ettie ri r e eiesge e e o ae - -r n oeari e e eirtet e 't eirtrnr # rtriri e ien a e4 a
+~ NNN NN fla e ur aa r u u ae a e e-r r e a rn HM HM n n a enm e u f een MN N MMM HHHMH HM. reo aa 4 M as aaa

+V N V N: NNr aN N e rtre e ast i rtr N vi ri J r u e y 1 N' + sta e rttt epe ..Nretentt** n N' Mre nre rt-tn ]1 a 4 a
+N M et u n a e n tta a M M MM ifNfu e n nen e f e n e n N te r ei N-- nene rtrt e rt3et ei are e ri a e a a

+N M N -1 u it e 1 ntl e e e nre rtr ea rt a e NM n apr oene ri r ri n M n .- n Mi MMrHtM Mrtre ~ st 4ma e
+N N M N- e t t aMrt u rieat t ti ae ue t a e N e rt otr N e n e r nre e a e s e n e t r u- rta e e e t n MMe aaa e +. NU .. - U' U'4 44r'U'4U'N4 .0M U'U' 4 444 N a N U'U'J' #i rN U' 4 UU' UUU' 4'44 a 44 4U ' 4 U'44U'U'U'U'4U'U'4 4.

+4. -- 4 44444444r U' 4 4 U' .0 U' 4 4 4u 4U' 4 4 N- er . 4NNU'U'U'4U '4U'U'4U' U'U'44 4444 444 U'U'U' U' -- U'U'U'U' U' 4 4U'4 re 444 U'44 " 4U 'U'U' U'U' 'U' 4.

+ N -N N N MNNMM NNNu 444Us4 M .4 4444 N -- 4.. NNNU'444sU N'U' U' 4lMmam 44 4mMM M U'4 444444U'44U'U'4 +

N. 4 N 4 4 4NNNNU nn ' 4 4 44 4 ' 'U 4NN N N N4 'UNH'U' U U' 4 4 44 U 4 44 ' 'U U U 44 ' U' ' 4' 4 U-14 'U U
4. N N U 4 4 4 4 U' 44 4 ' 4 4S' D4 44] a4 N N N N NNM MU 4 4 U ' 4 4 4 4 4 4 4 4 U ' 4 4 4 4 44N N 44 U 44 4

+ 4 4 44NU'NN nH M M M Mw' 4U' NN U' 4 4 U' 4 U' 'U' . ' MN N tN 4 U 4 4e44,4 ,U 4 ,' 4 ,4 ,4U 4 4

+ 
N4 4 4 a N I N I N NU-4 4N H 4 N M H N o w M n w nM 4 4 4 4 4 4 4 4 4 N ' 4 4 4 ' 4 4 4 4 4.4

+. 4 u ri eaiis r - s s 4 4 4 4 44 4,4U'4 N N 444 4 4 4 -i e rtr 44 4 44 r -.-.. flJ-.-r. N4444444U' 4 4 4 4 4 4 4 44 4 4 4 4 4 4 4 4 4 4 44'4 4 4 444.nto ei a rt ai et n *1metee ri eie

+H M D 4 I444 NN 4 4NNN H 44M4 a N r r HM MM e- nnn as N ' 44 --- 4,,.

wNM 44M '4 N N 4 4 4 NU' UU 44N..N N 4 4 4U 4U0 4 4 4 44 4'N44' 4U' 4 44 4 4

+3 m M M M M a N - w N M M M M M M M w N N M M M e et 3 m en N tten N f rtte u r n n rt u o re n t't tt ta e e e et rtse n to * etrien e rae e -irt e et 94rs n.% 4 o a
+ N 4N 4 4 4 4NNf ' N 44 a NN 4 NM N NU'4U'44a 4ej N4 N N M NNN U'Urn'44444 444 444 en 4U '4 N e tai e 44 44444444 n4N4

+M JI d naaei e r n f u n a 4 4 4 atal s etatte nr r erttt d n , t N MM NN M MM M MM M M 3nre e rae rie ttrt rit eirttoe n itt e e o e e e e #

. NN 4 ND n 4 N 4 N U' 'U4 U' 4 44444t 4 U'U'444 4 4U'U'44.. N 4U' 44UN'N N M M" M M4 44' MM4 44M4M4M44 444 44+

0 a 4 4 4 4 4 N N M MM4 U NuM M n Mnu 4 44 U ' 4 4 4 44- -4 ' 4 4 U 4 '4 4 4 eU U ' ' U U ' 4 U U ' 4 4 44 444 4+
+ M4a N NN N as d N MN, 4NN N 44 4N U' 4444444444 44444 -4U'N N4444 4U''4U'' M t 44 4 ''4, 4,
+. J4 NN .NN N aN 4N .,N4N 4 4 4 4 4 4 4 4 4 4 4 -. N44NN-'44 'MM 4444M'44 444 44 4 444444 :

+. SN4 r4NNN eN e a 44444 n 44444444 444 . 4444 o a ry N 4 4r M 44 4 4 4 44 4 44 4 a44 4

4. 4 NN N N N 4 4 D4 4 4 44 4 . M.N 4 4 4 4 4 4 4 4 4 4 44 4 4 4 4 44

DNSN NN N 4 N 4N4 4 4 4 4 444 ,N..N4N N N444 44444 4444 444,44M4444M4444444++M 4.a N N 4 4N N aa7 4 4 4 4 4 444444 4 4N. -- 4444 4444- 4 44444 4 4 4 4 4 4+

N M n J -0 a N HMM NN 3 f itit tt ii t 44 at fiit n re o N NNMN a MMMM a-, e oe e ninfipl e ortiri or" ea3m 4eaaa aartre s rte

+. N 4 N NNM rN N N. ND ' 4 NS m NN M 4 4 444S4 444444444 *J4 4444 444 4 4 44444 4. 44 44 4 44,44 ,

*S NNN4 N N NNN 4aU' 4N44 44 44 4 4 44N44 4 ." N as44 44 N4 4 444 4 4 4 44 4 4 44 4 4 4

0 N N144N N N 4 N4444 *44444 4444 444 '4 N-.-. 4 4 444 N N 44 444 ,4 44 444444 444 444 44444.
+ N NM 1N 2 0 N 44 44N 4 4N4 4aS N N N t 44N 444 4 4 44' 444 in N 4 4 44 4 444444 444444444

4. dNN N N4 NN 444 44 44 44 4 N N 11 44.444 4444 444 N-N 444 4 4 4 4444 444 444 44M

+ N 4N O , 11 N 04 4 4 4M44 4 NNNN44 44N N 4 4444 444 N- 44 4 4 44 444444444444

* N u NN N fn N - N 44 4 4 4 44N44 4N 4 444 N 44 4n 4 4444444 4,44444

4. 4N-MN-4Nw 4 4 4 4 4 4 4 4 U 4 N N- 4 4444 4444 444 n -M4 44M4M4M4M4 4 4 4 4 4 4 4 4 4

+ 4.NNwN M to Na -.-.N N.4 4 N 4 44 4 444' NN NN NM N 44 44 Nu ru 4N NT 4 4 4 43 44 444 44 4 4
+ 4 - N Da NO d N aM 4 4 4 4N4 44 N NN e r4 lN u 44 4a 4 4N 4 a 44 4 44 44444y. 44 4444+
+. MM'MMMM 044 J 4 4 .0 44 N 4 m tai & 3 l aaaaa S a1 4-3 - 4 4 4444444 N 444 44 4 4 44 4
+a ODNNSNNNN O d N d O 4 4 . 4 44 N4 4 44 M V4 4 N - .N N 4N4NN N44H 4 4 44 4 44 4 444444..4 4 4a 4
+N 

N M -
NmNm , M M M N NN4N NN 4n4 a a4' .a a aa 4 4 4 4 4 4 4 4 4 4 ' u 4 N 44 N44 4 444 4 4 44 4 4 4

M M M N N M Y D a 01NN ND D a a aa4 4 l M N N-N4 4 4 4 4 4 4 4 4 4 N4 4 MNM4 4H4 4M4 4M4 4 4 4 4 4 4 4 4a4 4 4 4 4 4 4 4

4. ~N 4 MM4U ON 4 4 4 4.0 4 4 4 44 4N44M44 4 N N N 4 N N 444 N 444N44 4444 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4 444J4

+ M 444 4 NNNNNN4ai HOOD 4 44 rd4 NM ( N'4 4NN MM NN .s N ' 4 44444. 4 44444444,4 3 44 44 4444 4
+. nn 4 N 44 NN NN fOaas 4 'n 444N 4 44In44 4 4N-44 N N N 4 4J4 4 44444444444444444 44 4 4 f 444 4 +
+N 4N y4 N NN N a'n 4 4 4 4a 4 4 4 a4 4 N , 4N N N 44t444 n4J y T M 1 4 4 4 4 44 4 4 44 4 4 4 44 4
+ 4a 4 4N 4 . 4 44 N a.NN 4 4 44Nwl N NN wN n 4444 444444...4 4 44 4 44.
+ 4 4 4N N 4 4 4 44NO O N 4 ' 'n a 4 4 4 4 4 4 # N - N w 4 4 N N N H a ar a y res N 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

+ N r44NMN 444Jru N N a 4 44' - N N 44 t a N a] Hnaaaa 4 .0 44 4' 4 44444 4444 N 4N NNN 44 4444. 444
+. +4N N4 N4uM N N O$ N 4444 4 'n'i D D N4 . a04 4 4 . ' -- ' NN+O N N 4444444444 444 44.a 4 a4 4 4 N4 4 4 +

+ NMMom ar r mmae a t Ma N e N D n a Y a . O N 'Am a 4 O r SM Nw -'mw mNmNNr-m +N m M M J1S n o N N a3Jy11aaaa3 anal a minae - n oes u eo i

N 4444444 4 4N 44eNM .0rwNN 4 0 04 0 4 444 4 4n 4 N-NN NNN N NN a ]aaaa 444aaa4 l4a 444 4444 44 44.

+ aN0 rntt ft fti' 4 s t ih 4 @ N 3MMJ] ODD n fi e NEs :iNJSN - 0 ny ww- ' rt ei rt # e e iif n N NN fiLe llis S a y N nlEl l ~ st1% itai l t i EtitLtil l na aa 4 3 3
+ n nrtM e e N N f rt 3 NN N1 a a PM ro J NN N; att N nn P. O -=F _ -N wN HMH HM nNH NNN aya a S]Ya M6 ]S Liif stst INis sta f i f% ir st af fii i 6 tt f at n l 3 enet a ae

+ 44444a N 44 4.4u a 4 4 444.0NM MM N .0-'n--I4 44 444 NNN -NN-NN, NN 4 44444 44 4 4 N 4 4n'a4
+ M 444y--0-N004 444.0 444N 'nN 4aN 'NN 4444 4d4M 4 4 N -NNNN M nMNM 4444444 nH44 44444 44N4 4 4N4] aa +

On ,4444J4444N444r4444444.0 4dU''n 'nMNN'nMN w4444444u---- NN N N M Nn 4 444n.444 U ' 'n 4n ' 44444444444 44444 a 44a,
+. 4 4 4 4 4 aN a 4 44 .0 4 0 4 044 U' 4 44 44N4 44a0 Nu eN N N 4 44444 4I4 4I4fa4 44 44 4 444 4.

+* 44 444 44 4N-. N 4 .0 444 4 4'n44 4 444 44444 4NN Nw -r44'''-444444444444-4444 4 4 4 4 f 4 44444 444 44 444 4.t a is tl fili al tl lla e4f ai n fi stif it tt fiat it a aa a e

+. N N 4 4 4 4 4 ~ - N 4 4. .0 4 ' 4 4 4 4 4 N N N a a' - N N Ill JIN N 4 4 44 44a 4 4 4 4 4 4 4a 4 4 .+

+4. NN N 4 .4 444NN4 44444 4.0.0 4 4 4 4 4 4 t o 4 4 44 e e et f ttre n C e NN re etet s ital ftat ll4 te fi is t ilif N N. - NN - 44 U 4 44 4 44 4 4 4 4 44 4 4 4444 a 44444 4

4. N N 4 444N 44 44.0 4 4 n4N44 4 .0a4 4 4 44 4 44444a N S-N.- N NN NNr r M Nn Inn 4444 444444a4iN4N4 4444N444444 44444 4 +

+ d NNN Y On ON N MMJNt 4 4 at - u fttt ea a a n N N+ Nw MMMMMM--nM M MM 1 NNNNNNNNNNN MM N NNNN NNNNNNNN NN a lays nis l etis i sidiatis llAtil li.t is n ngi isf t &4e

S4 MN 4 4 4444 4 .a'a0 N0 4a' rN 4.0.0- . 0 44 N wnaN NN r4444J NNNNN NNI NNN N 4 44 444 4 4 4 4 4 4N4 44444 4. y

* NsNN 4 44 44n U'nN.MMMU'M NN n 'n'n'n n 4 4 ..-- N NN 444N 4444 4In.44444 N4Nnn4nn 4n4n 4 ns 44

Mai as M MN44ON4O4t4'P 444 4.0 N44. N 4 4 4 00 NN 4NN NN44 44NN4NNNNNN 4 NN4 4444 4444444 444 4 4444 4 4

+ N in a M n N nHU' N 4a4a n4 4 44a aNnM4 4 . 0 . 0'n . 0 . 0 ' n 4 4 4 4 4r44 4 N - - N N - - N 4 4 4 4 4 4 4 4 4 4 4 44a44N4N 4N 4 n 4 44N4N4 4 44 .

+ M 1 N N4N 4.004 42aN - 4 4444 n4;'nN NM 4444444N'nNNN NNN NNN-NNNNNNNN444NN444 44444 44aaa 4 44 4 iN 4444 444
+ nMMM 3 4 N 4aS J 4a4J d da n r n .+NH4 M a NN4 4NN N4 4 44w344N-NNN 4 444NN'N--a0 N 4444444444s 444. 444 44 44 Nw 44 44
+ M N a JL aw0Na aNn 0 da Na -NNNNN444 44N44444 4 4 .0 4' 44'n.0 U 4444 4e N . NN 0 N 4 44 4 4 t 4444444444444444 4 444 NS N 444 4 444+

.M NMNN1111 N N y4a4rNdNas 44 4444DD 0M NNN NNNHH N -Nr444444444 N 4N4444444444444444444444 444434
HMM ayaN..NM NN N44444 Daaoa.N'n NN4 44 nn HOO4D N ND] M -N -N M444 4444M4444N44444 44444 44 444N.444 444 . o

+. 4 4ON N3 3 Od D NN. NN NN00 44 aM N 4 NN 44444 o 4 44 4 . 44NjNNN - 444 444 444 444444 4 44444444 4 44 4444
+. M44 NN JN 4a 44 4 14 4 4 'n44 U' 44 4 4 .ra.-N NN HMMN NNN e N 444S NN 44 4444444 44444 4'4 4 N N 44 44 4

+. 44 4d N ONas 3--- 444444n .0nr4n.0 .n04N4n 4aMNN 4444.0'n. NNN NSNNNNN4 4 4444 44 4444 N44 444 444NN 4 N 4 44 4444 44...
r. 4444 444 a 4.0 4'n 4 4 4444 4 44 4 ' 'n - NNN- 4 44444 4 444 444444 MMM NN NNNNNN NN N aid 44 N 4 4+

+N N Set -e N a N a S a a N a n 0- d a w w N N M N a N N N N N N N N N N N N N N N N N N N N N N N N N N N N N aeLf Li it stin fiat i a a e e 4 e a &

* 4 4 4 4 4 4 44 'n 4 4 44 44 44 . . . 4N U' -'.N4 4 44 44 444N44 444>4N4444 44 44 444444 4 444n4

+4 4N. 0- 4 N44N 4 44 N 44444444NNN 4 .N N JN .-. 4444444444444444 4444444444 4 444 44444.4. - 44 44 44 44.
+ 4 44Na NN DON J N n dn4N dN44444N d.0 4+4NN 44 4444 .0 N r. = -NN 44444444 44 44 4 NNNnNN444444 444N444444444 4 44444.+

aln oo NHN NNNN N4N 4 N .N 4 4d4 NO O O n OD NaY4N .Ma s NNN4Y 3- , NN4 4 44 4 4 4 4 44 4 N N 444 44M4O 444 4NN4N4N44 444N

+ 44444444444444404 44a N N .0 d 4a 4 4D444a N J.M4NM U 444Na4 444 44N44 444444N 44Y 444444444444444. 444 4 4 44 4++an 4 44 4 N4 44 4 N444 NN nn D 40 4 44dNNN M4NnH rM -....NN-NNN iN4J4 4444N4444 44n N 4444NNN44 - N444 44a44NN44444 44444 44,

+ ~ 44 4 4M NN 4 440 . N N aaa44 NNN.N NO D aaaN + aaaH4 44444344 444a4 3-N44N44 4444N44444N444N44N4N44

+a4 >44 M 4 4 4 4 4 4a .a a0 a.0 a a a N D D N 4 .rrtu N N M aNa a4M4 4a4S a4 4 4 44N4 4 4 44an N N N N NN N N4N N N4 4 4 a4 4 4 4 4 4 4 4a44 a 4++.44444444M 444] l a 444 Ns N .0N 4 .0 44Y 4 NNNNN'n rrNN N N44N4444 N 4 4n n in4n n4n NN 4 44444 444 44 4444 44+

+M na4 44 4 N 4 44 44 4Na'Nar 44 44N44 4 4 4 :4 44 'nN 44NNM 44a 4 4 M n44M N1N 4440.0 4444n 4n 44N 44 444 44 4 4a4a +
+. 4 aa 4a 444444.0 Na'0 a.0 NN N 44 0 N nNNNM- "al4ln neN N N N444en 444 4e 44 44 44 44 4444 4 444, 44 4
+. 444 4YMH 444 Na S N a N4N4 4444 4 44 NS N 4aaa444NNNNN NNNNNN N NS3 aNaa N 4 44 4n44 4 4444 4 4444, 4+

+.444 4 n 4 re m e~ 4 44 4 4n4 ''n 444n N 4n 4 n0n0 N - - in nn mN sr 4 444nmnsn 4eN 44N 44 44 4rmmn e sene 44 44 4444444 44e 44 4 44 4 44 4 44 4 +
+4. 4 4 N 4 4 U 4 4044 N rN4 .0.0 .0en in ese mi 444 4 4 i ..-N N 4 N444 444amNN4444444me inni i 44444 44444444 4 44 44 44 44 4 4 444

Jaaa44 4 NM44 4444 44. MM4MN 4 .0 4 N-.1NNNNNN4 44U' 4N44 444 4 4 4444 4M44 4444a444444 4444 44 44 4

+w a Sr m MP N0 V amnme e m ni w See e nOn MM e m n HM enn NeM mNmNNM a N m mN n e N NN as N en we Mn a

+n n 4NaN 44 4' 44444 4. N4 N 44 NeNNNN4N44NN4 444444 4444 4444 4 4 44444s444444 U 4a444: 4

+.4 44 4 4444M 4 .0 444 .0.0 N N 4'nn 44 - NM 4444444444 4444 444444444 444444444444 4

. 44M4M4N - N 44 4 4 4 44MN'nMM4'44 4 N 4 4 4 44 44 4 4 44 U'4 4 444a4 4 444N444M44 4 4

n a a a M M M a d N a a De d n d N . J N s M H M M H M M M M M M M I N Naaa a

4. 4 M 4444'-a4Ma444444 N 4Naa NN N N M Fig44e434 /Gre44ey/Quadrangle-Potassiu4m4Pseud4 -44n44r44ap*.

4. M444 444 44n 4444444 44444444 4 4.0 4 N 'n NN M H44' 44 4 44 44 44 4444444444NN44444444444444 444444 44444444aa .

MM444 44 44 4 4 4N4NN444 44N4N n44 NN 4 444 444 44 N44 44 44 44 44 444 U'4 4444 44 44 44 4

MMMM4 4 NMMM 4MMM4 MMMM44N4 4 4 4 4 4 44a 4NN 44 44N44M444M44HMH4M U' NN U' 44 4 U'HUUnUNUa4 4444 44444
.NN 4 44 44 .0 4 4 4.044MMN 44MMM'UU'D 'Ua4 44.444ia4 4a44 s4444

4.a4aa44 44 44aaaa.4 44. 00 4 4 4 4 4 4 44 4 4 4444 U' U'44 44 444.4 as44
4. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 'nNNN 44.... 4 .. .0'n 'n.. .... .. 44...N.... . .4 4444 . .... .... .... ... U'... .... 4.444. .444..444. .... .... .... .... .... 4... .

+ 4444444 44 44444 N'0.0Fi' nreU324 4 44 4444N 4Q44 dr4 a 44444 444444444m44s44ud44-44ont4o4r4 444



GREELEY

+f++.+++++++++++f+f++++++++++++++++++++f+++++++++++++++f+++ff+++f+ff+++++++++++++++++++++++++++++++++'++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
I{

+ M=MoANN ADNAJNC NM1AN NN MnynMA P A PA Vt 444 tAM' P tAPPMsty NN NNN
f NNNNADAD NAD NNAD WAD PA P MVt in SNO4A4 4UI Vt n PnMH WADN WA

+ s NNNNNN NN =ww w w m meSeMM d INNNM lA e MH en NNNNNNNNN NN.ZZ m w T MNM~ 1 NNNNNN NmN M a Na e
+N NNNN m N NNNN Saia aT o to e as NN 0 e seN - N N NN NN m m mm n raaN HNMtn MMMM aST M 2wee m

+ Nrv N N N N S M lNMHMN e e M In N N mN 00M.4 1 M wN NZ n NNN MM .NN e , e o n n mnn Mesm nnnnnnnn n
tNNA NNNNWDP M NA ys9~ A AtJptD tItJAD~fJ~g ~ 44j~JA D~ M N 71ST MM MMADADADAD WAD PAt 4 T>

+ PA l AD PAW SPNJMWA V 44 a PAPASMt A MtM Mi MN N MM 2M N n l T aaannt aSMAMAp MiiM PmA P l M 4 Vt +

+ .na NN NNNNNNN a NN NNNN T O aN N Ni N a etMM os me N tseN m ls s m NHO a 0 aena Mlt 3i eM 1 Ss n w ww a
+ NMenMa NmNS N NNmN > aNN N Z M NN w mmm e NOMS 0% KryNNNNNm a oo N menln'neN Men SNI S a nMH, wn~MM ~aS nW SS s wweMe +

+ aNentl H N a N M N tM -NN NN NN N N loo Ml N 3 o N Nen N NN e nnN S M M N Nt a Nn y NsMtM 1#%$m% MMeN iii e em emeNme

1- PA PA TPA NNDAWD AD A4 NNAD NA PAN V MMP n TNS s PAPAM 44 PPA AD PA WDNN APAPA AD PN44y4 44sPPAlt VNPsM PAt PAH PAPAt PSAVI NAVM SA4

SS N N NN N a MN NNNN N NNn n e a mm a e am mNN N HH m S Sbw an o N MM NNMWNN a a H MM ~MMmnMmm

1 Mt W DA WA AD DAN4N --7DAD NI w4 Mi Mi 4 P PN441M M P t DMDPNNM4 4 PA DMM44NANNAPPAMAAPPAAPAPA 44 44 PAN

+ ruse w mn a a e e a 4 44 m aa Vtwe a tP A ADenne uADP enI~ 4esa PAAe 444 VIPAPA MiV PA t PA 4e 44 Asa +

+ AD VItMs wS WAD ADADADADWADAD Mir,4 WADYADADADAD 4 044Mi Mi Mi4 a n Nn M A , AD Mt A PAn no nonM PN- a a 4 Mi aMDPA 44 Mn IAn ,4MP M 4 44 PA +

* VNN M lM AD ADANVN NN iDi aWAD N ADaiMYii4 PA MN VP N DADDADD o~ioANINN NNN.AD MAA MiI tHN V t S Nn2M b i VI NVPP 44 4 MP 4

+ 4. um e ~P t i t A AD. ADAIAPA44 n ADADADADADD AD i 4 4 Min ADAD - a muare ADAD D4 tP a PAPAPA MiVIr ADrAA 4Mintn ,4 Mie Misi PAIIAV 4 44 PAVPAIP 4444 I +N N Nt S ADI ADADPAN4N A AD aDADDAD PA A A a sDPA Mi PA APA S VS N ry AD A NWAD , Nt NNNVDNADl-,t II aM4 - anl- - S Mop4 4 MIMMIAA MAA 4

+ N M sMa t S N M a S N N Om a NN N NN Sa mN em w e sn e uuu eenn m n o sin T aa r NNN N M NN t aa a NN N NN MM nlson o yia mm l N ea +
+ m aaa mn al Mna > aH a mm a ri w m aaam mnsaaS m a N ai Ne SN n II aa s s e e~ , s e 4,,4 ,

+ Vm PPA WA A4 4n ne ADez -I ADADA nADADA 4 M IA 4e 4PA A Pna AVDe WAD A PAVI Vtu n sen ae ADADA A VDP 4444 4unam n 44 M A iMiuA Mi n PAPAen PA 4 4 PA niAPAMI M PA +

Y WAD Vtw a PN 4 PA MNTTiN 4 WAD 444 4NMn MN A444M44 4M r PAW ,ADN M TSS ADMDNtMNPPAA ADAD A VP rutAs 444 P M VV MV Vt 4 4 At +
+ ADASDANaMI a A 4 MII Si S 4n N O aMi Na4 44 M 4 Miai 4444 4In AD eMM Na A ADAI Mi n n M NNN M iAD> i ,-l4 ,4 Pm aP +
+4. mnen mn eee e 44 Mini r p.-p-p 44 m a a 44 4iiritM 4 4 ,PA na s. .. nse ADADADADADPAi PAPAPAri A ADDA P PP rAAVIA44tAs VI APA ss Mi Mi 4 4 4 MmiA IPAe
+ ADAA wo esMinn 4 Mi 444senee LAeini i aieimiPP QQ4 p4 44 4es Mi Mni ani a 44 PW-.- ADDDDAP Vet a e AD PAin WD DAADD APP eae rnMis 44 PPAAAm P Vtei m Mi4Mi 444 Mi MiiPA
+ WA N P N.-NtMiaS ADYN I N aJ K. N 4 U* n IiMMiTi 44 Mi MinMM4444 ADADADADVin AD AD PAPAPPAM AD s AD WADNNN NANP M a p m Mi HMi 44 PA +

M MH MMMP 4 Ms PAf4 4 4 P- 4I a Miai sA M aMi n 4 e ADAD Mi 2 MA t--DA ADNN N MioMMNAADlP A MiMi WAD 4PAPAPAAD tPPA , t 4 4 P +
+ sPNA W MiPAd 4444O 4O A in IAMiyAIAa N N P- 44 444 M MiAi 44V MifiPA PA WAD ADPAuiPAaiPAna 'eMi Vt Mi P ADDADD AD Mi PAPAPA Vt PAPA Mi 4 ,4 +

+ 4IPAtPPe tAPe t A AD PAPAPAPAPAne 44 Vt m Miri *paana p 4 p-. 44 4 a Mi 44 PPA P 44 PA PPAPA A WAD MieiP Mi'i PAPA PA PAPAnne ADDA A AD urm es PA~iPAPAsPAPAPA V Mi a 4e e +
+4.e ee MIPAAPPAAPPAMiAPV Mi r4s Min 444 4 4 44 a Pran 4 Mi n 4Mi4 4 AD PA PAPA PAPAPA WADe Mi i APA AIAP PAPA n uruur ADDDDA Mn~~~ Vt PAsamienininein PA 4.e n
+. 4APAIAPPAPAAPA APAPAPA e PAAAA APAn 4 e Mi ntii44 4 -4 4 Op-Pr. 4- Mi a 4en 4 4 w AD PA Mi PA PPAP WADm s PAP PA' PAPAma ADADADA WAD euu Miiesii A PAs a enerr PAAiiAi PA 4v 4.m
+ PAPAPAPA esee PAP iP PAAPAAPAAP 4444 Mi 4 Mni 4 4 4 OP-ni n 44 i M Mit 4 4VADen-PA4 PAP PAP-AP Mimeene ie PA PAPA PAP.A WADADA ADADrr m ~ a WA ,P-4 An rPAuiPI APA 44 e +
+ n mm m Am e e a e e e e a n a NN J as OwA a N n N S a Mst 9 m n amM M H MNN NNN Ma ama aT n om a a Ma w+

+ a 2n N2 aaa aN aN U emm d d NNN NM N m M s Sa-n a M N N -on N M MN m a m m e m e u M Sm e

+ Mla NN can I ma ww w m m ar a NN aS N N N n l NNNNNN NNNa em sam emaN I,: p t9 M -m -0as

+. HAPAIA M N MN M N V PA M MiMa iA O Q 4a > MMiH 44ANA- PAP AM NM as a PAPA _ ADDAAAAADA ADAD PPAa PA MtMi 44 P

+m as MMMM two, NMN n aN NNN r aara d lS a MM a NNnM MM nM NNN NMN M a NM s9 +
+~ a tapMM l j as. N M N NA0 7 ,,- a J Na a o wen M o MN2M N N M NaM-'sMMMI. m o a ma a

+Inaa a s um m m a e w a N Inn a a. a SNNN N N2 N-M nm a m a e m aM A a N N p l y-2 MN NN a a
+ W A S; 1 ̂ 1 1 0 y : M M N C m m a N seNN a l a e en a N -N NN~ N aa ea e s e e e n n e e a ne e e s e s n

+ tN mm e a mn esmu SSu n a er M SNN " W , a N'N as t M ea sesen M M Na aMK tqnMo Nn 9nseM Mt aa aenn umu n . Ne N Ta ton~~ns~
+ y N Se nn m ms m a ea P Meena i e a ~seN n N N a aaan u mna a m nn se uss mn a eee 44 m nea M M 1 o n aNN v Ma~~n

+ M N N N M M M o A l m m n e aam a w a J O w N S aa t lH 2 1 N N N N N M N N N N2 -o N+l nt a me m m m m a yNNM r m O N ismiyMN a e m mN aM n NNNN aa m M mpt any um m n lmm a 2nNmM f
+N 2em n m u m m m e m mm a m e m u a o MN A M 1 NNNN 2 -2 ai a maa, N ar Ne ~ NN M -nta s !n

+ N N N N H m m a m m a e n smmN2 1 Mmea aN N .aaaf www f p N MM Me a a MNN- N NN MN l N NN
+i ~mam m a m n e e a a N Ma n - l oM NN a lag mo NNNN =N MM 2 No N 1aaa a a mma n M y n s m a MNNN NW

+ m PAPAPANN A PA PAPAPA A aM Na a 4 - MMh n44a A aA 4N PAPAPAaN NPN- NA AM PAa aDAADAD APA Mi M PAPAP PA444 PA +

+ , NNNNN a a N naa tl aa > H So o-nN m MN M PM. N N a2- NMNM MM-nn sm e am Mt 12 IN 12a aaanM N N N NNN mema m
+ M NNN NN a3 n 9- 9t 9 NN N a aSN S > 2o 9i a s m m n m Nom a n N NN NN NNe m ao a as t a m m n mu ala M s MN N ryNano oa

+ a ~ a N mMN M an oO m aa S> ~MNMH t M NM . N -M n d a o ad NAT oaaaa.San som a e m mm mm ma m

N -44 PPPAAMiAA Alpdas M M-44--4 4 P 44 A AP 4 AADAAP A MiAAPAHAPP APMIAAAANNA DA AWDDlAPAAAMAAANi44lA 4
4. 4444 PAiPAPM- APAANVtNADA M iiiM N 4M4 M 4 4 DPA 4 aaS t taPPAMiAPA PA PAPwPNiP PPAAtAANADNDAADAaM iNNPPAAPANPPAPaP 44MP f

+ M p a s MaNN lT NNNN N M N M a s a a s m n a e m m n s m a aa S NN K i asi n M .n 9 p a n oaNNn ~ NNNNN nt m ma

+ MN a w w e s n e aNMM M N N N 1M N M tM N -MM N oma a en o s N .a a M M o NNry MO M aa ao NNN H mu e
+~~~~N N NNN NMNMw a m n ma n e s s m ns- m n a a m em N OHM M N N-N NM N' N at a .a HNM a Mmaa

+. PA N o PAPl HA sPA PAPANPAPAPA- PA4 4 2iap-P 44 i Mi aMin M i 4 PA PAs PA A 4A P P AA P PAPA PAPA WA D DPAA A AP PAPAA WAD PA 4 444 PAP +

+ N S l Mo e a a n m a as NM n S IN NN NMNN a a a -aa~n M n a m m m m m m m ae a e
+ M m n o T NN N N N r N H M 2 M Me a a a e n a na a o e n m m mm na a m m m m m o m m m n m n

+ ylt N 2MT NN M rN o mN MNM QM Nt g n N O N ma oaN l a m M NN NNN N NN M IAMI m aa NNN M 1Wy9 W- -NN M NN MN N M+
+ qI. MM N N N NNN e eaaI na l H N N N SS o MM MN a M NNNN Nm N NN NM n N , ~MM NN qaa ~M a sMM +

+ N a en a a e ne e e nneaniM N N N N N n nM M a M n n MMN n NNa N ewM1 N NN m N N q NN a p NN M n m am mM Na N N.M N N NN N au

+ l PAN N N ADNAPAP~PAPAPAPA PA 4 4 P A 4 PA w aia 4 Mi Vt-MI 4 4 4 PAPA P P A A AD PAPAP A PA P APPiA P WAD PA 4 4 4 PAPA 4.

+ N o N NN N mm a s ma s a M N M Na M o N N N q M H N N aa IN A-l Nem " a o m aa m m m M M NNNN NN o NN m a m M t H NNN N aaa
+ l N N N p N N ww a Ya a3 NM N NN N sa m n a M na a a n e e m m a m n m m am m m m m m am
+ l MM NNMN , !1 NN N 1 Y Ns aalot NN N ll a aa a N MM N NM Nato, NN N MNM NN NNNN NN a NNN N mmmas NNNN NNN N NN

+ MN NNNwe a M Tai 19 M MoMM 9 M M 1N M y lM M a NN H ol ya spM S elMI N O N ~M n lm^ NNNNN N N N MMM Nm roM n m o NNN No N m M oM t e+ n a at a S e ae a a MM pf e m m m n e w ew w mm na mo a m o m m a mm s m e m s u
+ He N NN t M 9 - nt N Wmn --2t= NNNNNN NNN NN mnme en me n n w w w m m Nu ma m mN NNN AN n lN N m m

aaa m m e m m e s m MMM ennow m MNNN NNN enn no, NNNN w ryry p NNN NNo g NN MNN NN H9n N f+

+ MA AD PA PA PA PALA 4 PAPA4Mi 4 i Mi4 Mi M PA 4A PAP PAAPAPA PAA APAAA AA AD PA I PAPA ADPAP PAPAA 4.+

+ MN as a aaa a - Y N m e a a wee MaN N s gNas a es NN Mo NNN o N N N N NN o m m m o a .- m mM N M N +
+ ny NMoM M a aY3 NN aT 2 a me s e a tn M a a aa Mt All ayI N NN Mn ezn N w NNNNM N N NN NN N NN N m m o- -M N NN M i +
+ M-to oyM N M M M e eMt a all M T a s nsA Mona a MIN -- N N a m m s mN N M M N NNNN WM NNM N KN N MM o -- -ee M NNN N rym

+ as S N a NN S n N 4 n > NS9 M NN N ta M N- S pW Wa a NNN - Maen NNNKN to N N NNNN a m Nrv N N N N wNy
+ NN s a aS MI s q NN N III y T QY M so ee s1MaaM- a a a N NN NN M M NN N oN NN NN NNN NN NNN NNry

+s l , N M aa wNN s M -a NnNN i M9 y a n nn en a-rt M NN Na MN MMNNN MMMMMM M M> A0Aas nNMM - MMO = a NN N N ~NM NNN M NNNN NNNNNN N

+ N~ NN s aT ANM , S a N I a en a w n a as N N Tm nN amaaaa 1N oM N NNN m M NNNNNNNNNNNNNNNNN - NNN
+ M M n n a a a o a H M is a N NNS a n esN n- M H anena eN N MMNe oNNNNNN aM o e mNsNN N NNN NNN N INN NN NN N

+ K sN NMNN H l N a t M a novm e a N t aa o N NNN e wN N n n NN N NNNN M n MHO N N rN N NN N NN N NN N NN
+OQTTP e a e m en w a NN s N s a a e e en me a s m a n m ns m u m m m

+3 -N MM = N aaa S aaa> as NN 3 N as H MN wM aM 'of en a w NM ,NNe MmN- a mmn t o N NN N N NNN NN NNNNNNNNNN
+ ryN ; MMM m ea SnI M Q aNN as NM ma a a M ao as nas asN I aaa M n NNN N NN aammm

+M N Ne e e a e e m n & ~ m ae m m e m m m mm m N ~ mm m mNNNNNN NN N y

+ NN aS a M a J N Nn n N w a NIN as nn i e a = M1 NN MN N m a NM a as a im a as N Na sN rvN' N NNN NN N NN NNN NNN NNN Np
+ NNN ,l N a mno 3 N N a N N ea Ion 00 N as MNMNN M s Mia lmy t i aaa aaa a aaa NNN N m -MNM NN Nn NN N NN NNN NNN N N N
+ N N N omNW M MiN N 00 N a 4a: NNNO J Ni a M tM M M9 M a o en sa Sa aaY a HM mMNN HN a w s - a s m M M N NN N N N NN N N N

N N M Nm e a a N aa N a n N asName e m a N nn-- W M N a M aa s s YS n - NNNN NNN NNNNNNNNN NN..NNN N NNN
+ N w N omm M a aQ10N aaa a N NNN a e a e aQM H u all SSas M NNN NNNN N NNNNNNs m e om mum

+ wNN NNN - M aa daON aa NNNN OJ N a N - 0 p en N aaesm aa t Sa NNNN NNMuma o N sMH NNNNN NNNNNNN
+ N NNN N N I NN N e a A ma N as A N N ma aNN 1 mm e aaN sas > NNN N um m m N sM NNN NN Nem

+ T- NNN n a S P N eN a N a III s r d a MoNM W N a M 0 NN 1 aae w we ma m n mm mm oa a 3 u s m
+ mNM He n aS N T NN m N a A A a SaN n a a Nme we ns el Sara N rv NNNNNN NNsam saf

+f THN n N Tt3TSTI Ta aaNN aw ww aaaa Nm n ew s a o a m m a m om m m a am
+I MN :T- a s n w me e e e a me N N N m as e a o a a o T N a n aa a i3T a a a aa aa N N N N N N am M NNN n N N

+n, N 0 aaST a Aw n aa aw p en a V Y a n N a a ev0W N -aa a a na NN -MS N N NNN n M NN tpN NN r
+m e w n aon Io a a a Y N > a Nd AA w n I 1 a M m N asp N o a 3aa a MM MMM Mlas a a NNN NnN N NN H NN ,o

+aN N NN MaNN a T TNT TSa a NNNNJ NS M AN SM all NNNa s we a a MM YS NM H M NN m m mm m ama e,
+ lM M me e a e - - e e m m n s e e e a m a m n m m w e m n m m e eN aaa a NNN e NNN mNN N N s M

+ M MST n e a a a aSa w e a aamea NNNN NT Y a H all 11 a aa a M 3mno a Mo nto n NN M o a NI s mmN NN N N NnNMHa N >S Sme a a ii S aaa aa NN NN NN a O as 1M a n aa na aaa N p 2 n NMNN N - N alNn wwww NMNN N Ns MNM

SPA ADADADAD P a PAPA A PA PA PA PAN 4 4 p- Mi 4 PAPA 4 PA PAPA Paa a P t A D PA:PA P P o A APP PAPA PAPA PA A:M AD A AAAPPAA WAD A AA PAAP

+NI S Ia m a a as e mN a N e aa wN MIMMMe s Ny M aT M a~ Maaaaa a NNNNNNNNNNN NNNN Ne enNN n e4N N N, 11,fe
+ n NN M wM N N N e nN aa ai s NeN se alla aN N P AaI aM oa N1 a a MNMI M MNa e N a sN N NNNNNNNN e n N NNNNN NNN N==K
+"N-H M4 M S N Ns N a3Y d Nan a OaIIN SS. as rw OT aaa to a T MMM N rt -- n aa iapart NN m N NNN NNN N N NNN NNN 4 mNN NN , -1291n

+ M MM a M a N a ma I aaC 0CC F a N N Y ar N yoen n 'a n a aa a aaan a ennaal n M- NN eNN N NN NN N NN NNNN a ~ w wws N NN N N,6 ,4, f
+a MMM Ma a NN Iey I aa a m n a e 4 4 m w s meaO 0 0 a N N N N d O A M N H n MeaS a aa NN -112 N N SO N N N N NNNNN e NN NNNNNN NNN N NN 9999"
+i M > N INeuy d a M a r n a a II n aese s m as ne nm aeaA N t S, M eN , y ln NNNN m NNN NNNN N' N NNN NN nN N, NNN Ml ,

* ADN AD A PAPAPA PAPAPAPAPAPAPA PAPA PA pia4 4P NAPA 4 4 NN DN APA N P A DD PAA APaPAa , P NAPNP PA AP PPA PA A A , APAA PA
+ NNN A N NW NM1NNNNNNN NNN ry NNN PA PAAAPPPAA AAPPPAA AA4t4 - p iPA A PA P D AA AAPAPAPAPA PAA PA AAAPA ,,A PA A+. WAD N A WD PPAAa PAA PAPA 4aNN 4 NV0PAPa Paaafl N PA a MPA PA a AD ADnAP aaaN PA PAPA PAPA APAPA AD PAPA PAPAPA ADADAA
* A A WAD PAPAPAPAPAPAm men een PAA A PAAP 4 4PAPAPAPPA4PAPAPA4PA PA- enn WPA4 APA ADADW PAP PAPAPAMPA PANPNAN APANNNPNNAP ADa PAPAW+ AD WAD 44Sa N P SAPA a dw M VtPA4'PANPAPAM44 Mi414 Mi PAPAP PA PA PAM PAPAPAP 4N PAPANN ADADADADNADNAPAPP-PAPPAlPAPANPAP P A A P ,PAD DDAA

* P PMA 4 PA PA PAP PA PA AP 4 M i.i P A A PAPA PA i4P PAP Mi 4PA ADA ADA A P A A AAPA P A PAPA P P A P A A P AD+
+a P PWA WAAD 44 PAPAN w PAA N wM N PAPAaPAMWADsP MMiM4PAP P PAPA: PA 4N 4PAfS PATaPANNDlaDaDI yPAPA 44afaA SAD AD PAPAsPPA Mi PAPA 4 4M - PPA 4 WD D WDANAAMAP PA AAA AAAADPAP

++ ++ + + ++ + + ++ ++a++++++++A++++++++++AA+ +A+D+ + ++ +++a+++++++++++aA++++A++ ++++++++P++A+++++++++Na+a aPA+++++++++ +++++++++++A+++PA++F aig P3 Gre y ADl Wni sed -C t rAP *

fW PA ADiA A NI4TPAPA WADN aDaDA M A Mid a Pf -A44 44sPADA MwIWAAD PAPAa P M as PaPAAsAPPANPPrPAA APNAAD AD PA PAN NAP PNNA

f N PA nPA A PIPNWDNAD AD AADAAMiiNPAaanADA AA aPAPA sA 4 A 4 A PAW-NPAPPA- 9PAPAAD1MAPAPPAPAAtPA1APAPPAPAWADAPAPAAPANPANAPPAPANNANPA4. PPiiD P AAAAWDWD ANAAA A P P A AAAA P 44AP DPPP AAA P A DAAAAAAAAAV-fAAA WDA AAAAPIPPIPPPP A4MMP A PPNPA AAAWDDD AA PP AAP A 4 A A A A AP P AAAAPAAsaDDDAPPP AAAAP A DIAAAPPPPa AAPPP A D PAAAAAAAAPPPPPfA4
*M P Aa P ya PP AD WDDa D d T A APA 44 asDP PAA P AP AA PPAAAr4 P DDAD MSa N N 1 M t H a tt MNN N a l N NN N NPANN N NAIAA PAA WDAPANAAIPPP AA AA WDaAAAAPPPPPPAAAAP
f PA APA A WA PAAsAHAD St Kn taN4f a A 4paAPAPfw w-aPA AP AA PN AIVW AD WD APPPAirAtPPAAAP-ANAIPAAPPPAAPNAMAIPaaDAaaPAPAPAPAPANN N NN NNNMNINAPAPAPAN 4.M
4. Pa A OPa4 AD APA Wl A AA P AAA A P D 4 P A 4 AP a 44 Pad NN N r H N S 2 AWs WADaDWADa a aPAAAP AMAAAPPPA APAAAAPPPAAP PNAPPNNAAAPPPAAN

4.~ ~~~~~~~ ~~~~~~~ PAAA A PAA WD PAA -l D PPA P PPPANANAAPNNNA i NADA 4N4AP A NPA PP A DAAMANAD PPAAAPNAPAAAPP P-NNAAPPPAPMAP APNAP APaAfA4
* PPAa a N a ctiAD WaDIn PC A A Wa3S d rwaAD oa n PnPPA 44 PAA APWAD ADT T ADa PAPAAPAPAPA NPNNPANN A NPAPA PA PAANPAPA PAPAPPA PA APA l

* 44MM PPAA DA D AD ADaaS DaDPA4PN P4 aPa ADrm4 PA PP P P P PA PPaPPWdA DAD PAPAPMTT a aaPa PAPAAPAP N PNANPAAPNANPAAPANAPAPPAN4
4. 4 AAAAP D AAAADA P P P 4P P P O A P A AAA AA P P P P WAN4W D ANA AAAAPA PPP AANA PNAAWANPPP AP AAAA44. 4Nii4 PP AaDDDDDDAP4PPPMAPPPPA 4 PPPA PNAAANAA WDD DI P ADAMAAAPMAPPAA PPPPAP2AA AD2-PPPAPPfAAPP A 44. 44 PA AD aDI~aaAD aDWPA i aM aaPA VN 44a wrwAPP AP PwAn aaaa M N n o PA aDaADIPAPAMAPAPAM P PAPAPAM NNPAPNPAPANPANADDADNNPAPPANAD NPAA PAPAPA a Pf4
NMM PA 4 4 PAASADDDDAAaA AA wAP 44 4AAPOAAPPPPA PPPAAAAaDADN 0 N% N M SaDa ll-AD aDADADADN PPA PPA oM PAp PPAPA PAPAPPANWDNPA PANNWADN.NPA VtNAD WADrAPANAPAPPAPA PA 4

*N PAPA PA r AD AD ADDADY D PAAPA a sAP ww4 PAA PPPnA PP AAA~ AA..AAAA A AA PAA0PAANPAPNPANNPAAPAaA WAD WADATPAaA ADDADA PAMAPA AWADANPANPANNPAPNAPANN N4
NN NN NN PA ANAAA AADD A D A A A AP P PnPPPP P AAAAAAPPNAWD WDD AAAAAA PPAPPPPPPPPA AAAAAAADPtAAWD PPA P DAA AAP9AAAA - 4

fN PAPA AD N DN DAN APW A AAD YM1 PAT4 PAAPA aA PAANPAN PAPAP PAW DMNPA A A nAPPAPPAPPAPPAPPA AAPPAN PAANN WADDWAADAADNA P ADAD A PNADDADD PPAP PAAPAAo4

4. PAN2 AD W AD w WAD DT -P-a N H 44 PAAP PPAAM AMWD ;a i ia T aaPNN NA AAA Wpn M a PAPAPAPAPAPAPAPAPANNNWADNNM-9APAPAPAPAPAPAM AD"dDAaANADWADN WADoPAPAnPAS ADWADNPAM PAPAoADADADANDNPAPAPANPAPAPAPA 4.
4. PAAPPA WAADD A A AD PA PA 4 AP PPAAPPMI WA A PPA PA PAPAAP PWP4 A A MVIAP AP PPAAP P WD APPAA APPA WAWAWAAD WA APPA ADDA PNPPA ADADD NAPPAAD V MAP af4

*N PAAAA aDAAAP4P 4 AA P AAAAA P A PP A PPPP 4AD AD SMIPON O , 1 HtNaAPP 1APPASPAAn D AnPA PAPPA ADDWDAADNDAAD PAAPA ADDAPI NNNPAAN DAAD PAA AMPPAA D
*N PA P AAaDaD Pa MPMaaa P P 4 P PA 4 PPPPPA P AAAAP A A AASP 4 D P -, M 21 M NPAPAPAaa Oaaa M WM MNPAAPA ADM iPAVPA NDAADAADA MAAD naMii AD AMMA PAAPN WAAD PAAND PPAA D

M.PW DD A A4 44 4 AAAAP AA PPPP AAAA PPPPPP PNAA AA AAAAAAAAAAA ADPPP DDDDDD WDD P DA AsAPPP A WD PP A AAA A4

II MI NMIAPMAapp PPA 44 i Nt PAAPpA IPa 4 PPN AAAAA M~i PPPPP A A Naa fA NNPAPW S tA M MM DMi WADADMPAPAPA NWAD t ADADADWADWADA WADDADnPPANPA-Myna ADD Mii DD4

fn n aaaafI aT4MtP n PA AD Mid4 Misi Mi MiMSS4n44 P M tlAWAAnPAP SIAP M4 MMMM4ADDAADAAD PA PM AVIM DWDADDMAMA DNNADADDAADAADADADDWWDAAD lowa PAAAii a -AP4nAPA a3 =4Miia iNN APA PAAP MM t AAPP AWA 4 AA WD PA PMPANDNDDDA AAD DAAADD AWDADMDDDADDWD4

4. P WA WAD PAPMto iNANPA 4 Ma M M Mi4NN Mi S 4 IA4M PAAANPMA AP APPA AD ADAPPPAA i APNAD PAADDA2WD1PPAoNADDDAWAADADtJDDAADDaYDDD DyWAAD
{I O 4M A PA NN4 N Mi sPA PA N4Ni il Mi Mi M M 4FPlP NPAA iNi PA APA APtoM D D PPAiPAAM ao W D PP AAAMDP P V P PA A A A WWD1A AD D A A WW D D D AD AAWDAHi4.~~~~~~~~~~~~~~~ MPnA DDAW PA PPADAMMNM a a 

4 Mas4 L PP P 4 PAP aPA PPA -DsDAPPPPAAMi WDNiN D WAMDA PAAAaAWaAaDWDDA- WA ADDDWDAD WDWDD:A4
f P OA s4 PA NNNPPA MP Ma44 44 444 44M i ia PA APAisMAPA PAN A42PNPAP MNPAPAaPAi 4 Mi WA Mi ADM WDNPPAPAA WA AD NDADADaA aD DWa DADWMNAla aa
4. a 3As4NPADPA 4 14MNiMPA PA a4 4444 MIA i 44 oP o PA PMM AMN MP P PPa MMP aPANiM444MAlWAMADM AMADP iPAAPAMA ADAADADA aaDaDADADADADWADNN
4. AD 4 i M4 MPA 4 MP AA4 MM MPA PAP 44 nMpol444MPAs NAMPANAPAAADlANPPAPAANPMIPN444n Mi WADnD A AD APAPaiP AD aAAA Daaaa a asWDtJWDAA a cts M

4. a M PA LA iN APPAA M A a 44NiN~ MiPAPA N N o9 iy MN P PAP AD APAAt: 444 PA WADAD ADADP PAPni A ADDADDAADAADAD ADAADADAADDAaDWD-DADD Df
* AD S TiNMi PA MMiPMl inAM 44M 44tinioMi Mnlo' MNNPA WAD PA4ANP PAMNL NPAAM444MA A WA AD ADMDPAAPAAADDADAADAW WD WD AADAWADDtAWADADAWADADM
f AD s AD 4 a i 9N PA MMN 4 M i iMi i4' Mop NN4 NN M i 4 4oPA MAPA a sA A PPP D 4 PP 44AiiiAD WADla WNNN N NA sa IN=N AWDA WD A AADDnAEMDyloDDWDA AD ADa
1. PAAAA AA ADl DiP PAM Mia Mi yMi st MiaiNi 4 NM44 PPAAtn M i4pPAA PA4M4 4MMAMMP-AAADAMPPAAWAMA WWDAD AA DADDAAADAWA - WDNA.N4
f4. PW AD PA O a VM L aM Mi N4Mi N4 oNi iNN Mi 4NM NN~AP ntPPMP 4 44 4 4 4 PPP AWDDA 0AA DMiiAs2AADDDAANDAAW WDA . ADAMWD 4
f PA1D A A A MPM i4Hi i M~ a pALA 44 .i' 4MryN N M-MtANNAM AAMo i 4 4 4 4 AA AAWDM DDD AAAAAAAAAAA DWDDDDDD - AAA D
4. AD - WAD WAD PA PAPA 444PA..Mi 44Mi4 Mi IAffififi MiM - PAPA. 44PA PA Mi 44. 4 44 4 4 PAfffADff DAD.ADADADAf Mi PA ADWADADWAD WAD ADWADWADAD..-.ADADAD AD.4.

* AD - WADAD PAPAPA 4 4 4 Mi444 Mi~i~iMi 4 i 01-i MiPA APAPA AM AD MiM-O~ Miii 4 44e433Mi AADWADWADADuaMiri PAgMi-UraniDADmD WADeAADof-ADContADurA ADp4



GREELEY

+++ ++.+.+++ ++ +++ +++ ++.....+.......++++++++.+ ++++++...++++++++++++++++++......+ +.+++ ++++++++++++++++++++.+++++++++++..............................................

+ O 000 CC CC N H MNN NNN Na a " O h N N N -0
4 0 - 00 0 00 0 0 NNN N -NNNNNN -N -* 00 4 0 -000 0NN-c0 0 -

+ N r- o0 0 00 N0 0 NNN000 000 AdO -*-" 0 * 4 I0N0 0co
NN - -C N II- NM N ww O ANNNN M MMN^000+ Nn NN NNNNNNNNN NN NNNNNN NNNNN+ NNNN

+ -NN -w-- 0000000 wN H M00 sN - - N *m 4 C Na oN 000 NNNNNNNNNNN NNN NNNNNNNN NNN NNNN NNNN NNNN NN NN
4 -N N -0000000 MM 0 - - NN000 00 co 00 00 NNNNNNNNNNN NNNNNNNNNNN NNNN NNNNNNNNNN NNNN N- NN N

4 -rn 0 0 0000 000 N MHN0 0 - 0 0N 0 aa4 0 0 0 N Hco 00 NN NNNN NNN NNNNNNNNNNN NNNN NNNNNNNNNNN NNNNN NNN00 N N
+ N M 0000000 00 N MN 00 000 - N01 4 0 0 00 cooD N NNN NN N NNNNNNNN NNN NNNNNNNNNNN NNNNN NNN N

+ NN 0 000000 000000000MM ... . 0-0NN0 4 0 00NNN 0 00o 000 -0 0 00N NN N NNNN NNN NNN NNNNNNNNNNN NNNNN NNN - N NN

+ N 0 - 0000000 - 00 N0 0 0 - NNN N 000cccoo- --- 0 0 000 0 NN NN N NNN IN NNN NNNNNNNNNNN NNNNNN NNNNN N N NN
ry0.. cocoH 000 N0- 0 000 0 001. 0 040 0 NM 00000------- 00NNN NN N N NN NNNNNNNNNN NNNNNN NNNNNN N N NNNNNN +

-N NN-H-N-0 0 0 00000000 w NN 4M 0 '"000000w00" NNN NN N NNNNNNNNNN NNNNN NNNNNN N NNN NNNNN00 4
N N 0-000- H0 N 0000 00000- 00 w N0 00NN NNN00N N--00--0-0 NNNNNN N NNNNNNNN NNNNN NNNNNNNN NNNNNNNNNN

0 00 . 0 N-0000-0000000 000 0-00000-------- -- 0 0000 0000'0000"0000"0000'000NNNNNNN0NNN0NNNNNNNN4NNN NNNNNNNNNNNNNNNNNN
" 00 N0NN- O 0 HHNr o0000D00 N0N 0N 0 0N NNN -. Co 0 ---- w-O-000 0 N0NNNNNN NNN NNNNNN 0NNNNNNNNNNNNNNNNN 0M +

NNN N -00 000000 NNN0 Q M0N0 0 000 00000000------000*NN0NNNNN0NN0NNNNNNNNNNNNNNNN NNNN N +
4 NN NNNNN -- N N O 0 00+ 0 0 444 0Q 0 00000000000000-----00 NN NN NNNN N NNNNNN NNNNNNNN NN NNNN +
+ N-- N NN NN NNNN 00 0 0 NM 0 4 0 1-0 1-rD -4000_ 40000NN OO.. oC o N0NNN 0NN NNNNNN NNNNN N NNNN MMM

+ N0-00NNNN NN n H 0 0 0 4 41.00 CCN 00000000 0 000NNNNNNNN NNNNN - -N NNNNNN NNNNNN MM +
* N __ NNN -.-- N 0 44 10 1--44 -4 00 0N ON-N0000000 N 0--- -- - A 0NNNNNNNNNl 0 - - 0 0NNN NNNNNN '0 +

* N -0NNN 00 NN NNN 44 00 m 4 04 0 00 ocnN 0'-0000000000NNNNNNNNNNNN N NNN NNNNNN NNNNNN 0 0
+ NNNN NNN N -- NN 0N 0 0 0n N A- 0Na- 0 N M -0000000------- - NNNNNNNNNNNNNN0NN NN - .- 00 NNNNN NNN N MN +

+ NN +NN0 00 00a 00 45-'-T44 40 00 04 4- 0 0 00- ,0-0NNN NN NN NNNNN NN - 0NNNNN NN 0 +
+ I N0 N0N -0 NNN NN Ma. 00 00 44444 440 4 0 0 40aw" 0"0 0- - - - - - - - - '- - -'- 0 00 0000NN0N0NNNNN0NN -- NNNNN0NN0M 4

+ MNeN M N N weaNNNN N nIin asn a r A AP - P "N N 00 - weo meeeev "***e" wsea N NNNNNNN NN ~ee - NNNNNNNNN MMN +
+N a a a"" DD "O ON nMM40 Q Q Q Mi ~~ ~~n O + NM- - NNNN NN - N en NNNNNNNNN MMN

MH HMeen ee N N .s wme -eNNNN860 ",A h h N N NN *'w *"-'.*8 *' ~"** w**" **' NNNNN N NNNNNNNN-
* 000 00 NN NN---- N- 0 " m00f4A4a444 00 0 00 0- 0 N000-"000'"'0 4NNNNNNN NNNNNNN" MM

+ 0 NN00 N N00 0 U-l nd 00 4 1 00 'rO 00- - - - - - - - -- ''-'"000''0" 00000"0,.0NNN0N"NNNNNNNNM +
+a tauP OU N e0 o N*4% OC C ** '''s''*** **" e* eNNNN Neee * NNNN N a +

+ NNN NNN 0---- -- --- 0 0 -O0 -000 0NNNNN0000N0M0M
+ N 00 0 NN0N N N N0000-NH "r0 -rwa PDO0000 a N4N w NNNNN N

+ 00 r-- - - -rr-00 4 0 N-144 000 1m- N -N N N0w0o0 0-000 -- 0NNNNNN-0-0

0 000 0 ' - 00r **P0 0 a*"0"00N r -0.O - 000NNNNNNN -- N N 00M +
+ NNM00 -- 0- - - 0 44 - NN'00 '0000 0 0"0000-0 0,--N-0.NNNNNN N-N0NN NN +

+ NM Na~esn "P O -0" MM U t4 A O 80 806 aN+ NweN NN N N+eeNNNNN MNN N
+ NN ^- N00 --n - 0 0 4 5- 0 0 0NN 0 - 0 0 *0000000NNNN0N- NNNNN {

+ N N N-- n } O~~ N M - e e - N w Q4 4 G M MN NMMM O w NN N ^ NNNNN NNN f
4 N 0 -N - 00 00 000 00 - 0 04 000000M 000 0 000N N NNNNNNN
+ 00 N- - - 00 0 N M 0 5-4 4040N0N 0 00 000A- 0000N N AN NNNNNNNN

+ N4 ---- - - - 0 - - N n 4404 44 H a n 0 N ----- NN-NNNNNNNN
+ nN - w NN- NN*' N N N * "a*" * 9 Q I. hm N ryn " A "aHN" Nr" ' - __ * * ^- _' r' ' NN NNNNNN-Nwee' w- NN NN NN

4 0N0- 00 - - -000w- ^e N NN - -- -"N 0 4 4 NN 0 0 N 0 00 00N -. 0'MN'-- - - - - - - - - - - - - - - - - - - - - - - - - - *- - -" 0 00000 0
H 000 - - -- '. - - -0 44-00000* 04 - - - - - - - - --N0N- - - --N-NM" *"* " ' * -- 00000000*00

+ - 000- w- - --. 00- - - - -0 1- '1-CM 0 00 0 000 4 0- - - - - - --- --- - - - - -0- - - - - - ----- - -M .N - 00000000N00+

f 0 000 w--N 0a- NN N +9N nN000 - 00-0 0 0 0 0000000 0 N 0N N

N 0NN0 0 - 0-0 -- - -0 0N 0 a0 00 000 000N0

4 0- - - - - - -00 0 00000000 N NN N tU M N NN - 0 0 0 0 0 0- " 00 0000000000000004
+- N- - - - - -00 - - - 0 000000 - N00000X0+-- 0- - - - - - - -0- - - - - - - - - - - - - - - - -0000 0000N N000000N000HN N w '* O'"*" N +
+ -NNM 0''- -*0N0 0 0 00 0 - 0*00 0 N"0M0 , - -0- - - - - - - -N0- - - - - - -- '- 00N'0'0*00"00'''0000f4

N + . --- 0 0w-OOO"00"00000w 0*MN 00 0 - 00-0000 N -" + **0- - - -* - - - - - - - - - - - - - -00-*"*""** N0N 000 4
4 -000- - - -- - 0 C000000C00000- w -00I - 0 0 0 - N N 000 0 - -- ---- - --- --- 00 - 0 00N 000 00 +4- 0- - - - 0 0 0 0 0 00 0 -+-- - - 0 0- - - - - - - - - - - - - - - - - - - - -0000N-0000 000.

+ - 00 .n 00 00000 - 0000000 -N 0 0 - 0 00 0- - - - - - - - - '- - - - - -'-- -,-'-- - -- 0 0-0 0000 0N
+ M 0 - I N 0 00 - 0 0 0000000000-0NN N - 000- - - - -- - - - - - - -- ' - - - - -0-0 0000-N N +

+ N0 -- 0 -- 000 - 000*-w-N0 00 - -00- 00 0" 00 000 - 0000- - - -- - - - - - - - "- - - - -- - - - - - - - 00 - 0N 00

+ 00 0 -- O- 00 0+NN-_ N 0* -D - 0e 0* 0 0 - o- c 0 0 000'
4 - 00- 00000000 0------00^- -N0-N000--------- ----------- N000

+ NN0 -0000000000000 0- - -**-- - - - - - -""-0'--N0*00NN 00 0- 0000000000 0 -0-N+ -- --- -- ---- '00 N0 -- -- -- N

+ -- N - -00000000000 -- 0 000 0- - - - - - - - - ---r 0- 00 >, , "--,--- - --, - -- - - - - - - - - - N

+ -- 0*0000000000000NN-N N+ 0x 0 0 "00- -- -- - 0000 ,00--''- - --- ---- , --- ------ -- -0N
+ - -"000 0000000000 NNM* NN" 00000 0 - - - - - - -N-" --- -- -- ,---00-

+ e .-00 .00 .. 000 -000. - - -- - N - --N ------ -H- --------------- -0.004 0 0 0 00 0 00000000- 000 - - - - - - - - - -- ^- 0- -0 00N00N

+ r 0 -0000 000 - O 0 000--------- -------- N NN 00-"-------- ----- --- ---------4 -- 00 0 - 0 0- 00 - 0 - - -- 0- - - - - - -C-NNM- - - - ----- --- - - - - - - - - - -00

4 .0 0 0 0 0 0 - -- 00000- - - - - - - -0 00 00 0 - - - - - - - - - - - - - - - - --- - - - - - - -

4 00000000 +N N 0N0 000 0000N00 00N0
+ 000000 00 -0.-- N0 0 041 0000000000- 00-00- - ,- N--0NNNNe I - 00 0 000 0- -- - - ---- - - - --w-- -N

4 000000000000 - N00 00 0000 - 00*' 0 "0 0*00 0 - - - - - - - - - - -" - - - - -- '' NNNN
4 N0000000000 0N - M0 N00 M0 40- 0000 0 NNM0000 -000 0 0 0N- - - - - - - - - - - - - - - - -- +O0

4 0 000000000001NN -1-1-1- 0000 00N0N0 0N 00 - -- --- -- -- --- -- --- N-00

+ 0000000 a 0N0 0 0 0 -00000 00 000 N we .-. 00 0 NN0N000--- ----- --- -------- - - ------ 000----- -4
+ 0 wo00- 0 0 0 04444 -00 - - -- a- 00 00 '-- - 00 0 0- - - - - - - - - - - - - - ----- -oN-- - - - - - - - -----NN- -
4 0 00 - 00- - 0 0 0 000^-O- N - 0 - 0.. -- - - - - - - - - - - - -- - -. 0- - - - - -N-N-N,
+ 4- - - - - - - --0 -w -0 040 0-N N 0 - -*N ^ ''00 --0 0------- 0

4- NN0 00 0000- 00* - N N N N-0 0 0 0p-00 0"- -, ,* - 0 0-"-- - - - - -"-'- "- - - - - - - - -" - -*- --"'"*- - - - - -
'4 -U d 000N0 0x0- - . - 0 00 ,- - 00 00 00 ,- N - - -0 NN0N- --- -- ---------- -- -- ---- ,

4N 00- ---- 0 -0 0 -- 00 0 0 0 ' - 0- - -- a- 0 00000 N ,..-- ---.- - , -f4N - w000 NN0 r 00N - 0004400m004000 - 0 0 00000-N--+0 0 -N - N0 N0 000 --,{ -NNN tM N N U - Q44MQ Q # N *** C t w - - N N tU N '' N N * -'**e N ' NNNNN*** '** 'saw w *'a ew "e~ " * " * "
y - .swe twweN n N N N s N n ww .. e *** ea -eae ' ,e N N " N '*'* N N N M N" N M*N**N*M'NN'' ' w ** * e*** *e' 'e* ~ *e*ee- - 'e-e++ ,- N Nw 00 0 0 0 0 4-N---NN--- 0 -- N N00 -- 0 0 0 -- - - - --

+ -- 000' 0000 M 0 - -D 0. 00 0 0 0--- -0 00N NN- - -N N 0 -- N 0,0- - - -- -- --- - - - -,.- -. ,.- - -,. - . ,

+ - - - - - - 0- 0. 0 0M 1 0 0N 00II 0 00 - ,- -n--M -000000 000-00N00000N0 0 - - - - - - - - - - -- 0N 4+
4 +- -- - - - - -000 N 0l p0 4 0QN4 1 N-00- - - - - - - -0 NN 0- -o , - - -- N- 00 00 0 -N-N 000- - -,- -- --- 0 N,, -+- w , e U ewry * w NiHM MNM Q Q & P NH NN -O N-- -NN ww w0wN MUN N NNNN NNN N NN e - U r e oOCQ -ow - , ew - Newe.eesw

4- --0- - - - ----4441-1-1-00 N w N-bN N NN NN N 0N0 0 0 0 -0N0 0 0 0 000 N,-- mm o -- ooooooo- - - - - - - - --- - - - - -. -
4 - 0 w--D00 0 0 0e. 0 4 4 0 00 - - - - - - -0 N,0000M0 000-0000 00NN000 000 9 0N -n -0000000 ,

0 0- .. 0n 00 1 40 1- 1-. 00- - - - - -OONO N NN NN n 0 0 000N00000N000 0 000 0 0 - 00 0000 ..

4- -N0w4 0 0 -- - - , 00 00 000 000000N 0000000--NNN000N0NN- - - --NMm- - - - - - --
w. -l N 1r 4 0 - 1-1-1-1-01-00N4 0 0 "00- 000 - - -0 00M 0 00000 00 0NNNNNN -- NN00 M0 0n00 -. ,0000.

*: .- Nr-N 0000Q - 0 1 4 1- m4000 A4am-- -- ^ 00 0- - - - - --- -0 0 -N 0 000 0NN00 - NN NNNNN . 00000 --- - -- - --- - - -- +
* -00- - - -4 00 4 01-40 0 0 0 00-.- 0 - - - - - - - - -0 0000 0 0 00 - 00 0000 0 +- -N000 -00000 - - - - - - ...

wry M C N - +N a m4 a a Ntt aN C P MN-w--Nm N N - N NM M - ttiet eN NN Ta a Ner NtMN NN N IN NN HI ~NM NNrN we O O esne O m,.e- +4 N00 a000 -- 0-m44 n1-0 0 0 01- a000 -- 0 0N0- -00 -N0 a 0 00N000- 00 00N0N0 0-000000 0 - -

+ 0 0000NNNN 0 -N -N H N000000 0 0004 0 - - --00 0 0 0 00 00000 00 0 00 000 00000000 0 0- 0- --- +
+ 0 . 0 -NN Orr 1Aa40 00 000NN I N- 00 -' - - - -- 00 0I 0 0 0 0000NN N NN N N00 - 00000 0 .

4 0 - - - 0000N4 44 04 00000 -- NN - N -.-- --- 000 00 0 0 000000NNN NN N 0NN00 0000000 0 0 -- 00 - - +
00000000 NNN.- 00NN 44 4 4 00M 0O4 001-100000 0 00 0 0-- - -- -0 00 00 0 00 09 00 00000 0000 0 -- +

+ -00 N0 0 0400 *00 00 0 aN- 1- q00 - -r -'e -- 0 000 0 0 0 0n 0 0000 NN0 0NN0N0- 00000 00000 - -04
Na N N -a 3 N D A r a N-as U w g ; r Q ele a QC w - eU wN r oO - NN tNNitN a Q Q H NNNNNNN N tN ter N- ewo OC Q C C O C ae N +

+4e 04 0N Q~sNN NN NN 0 0M00 0 1- 00 0 1 00 - 0 0000 - - 0 0 0 0 0 0 00000 00 00000000N - 0000000000000 O-N-. 00 +
04 .000N 0UwN 0NM 0a 1-4 0 04 0 1- 0 0 0 0 0 - 0 0 -0 N N NN * -al0000 0 0 0 0 00 00 000NNM00N0 0 00- - - 000000000000 .... 0000 +1- o 0 00- 40000 0 4 00 0 400 - 00 0 0 00 .. 0 000000000 -NNNN0 0

40N-N00N-000N00r01 0 1-a0M000 .401-4 00 1- a000 - 00 N0O00'-N - 0 N00a00.000 H0000 N00N00 0 -- 0 00000000000000 - N 0 00
-rN* - ooMA D ra0mp A 0- 0000o' IN O H 4 1-0000 0- 0 00. - - o- 0 NN N00 0N0N 000 -- 0 00000000000000NN - 00 000

+ - 000000--prM04r aHa1- 0 000 n ry 4 00000N 000 400 0 000 000 0 000 0 00 0 0 0 0 M0 - .- 0 000000000000-000N 000
+ 0 - 00 wwwN a 0 N- 00 00 4 -0 0 N 0 0NNN0 Mn a000 00 00 000 N0 00 0 0N N NNN0-. - - 00000000000 N 0 N N
40 - 00 -- 00 001- 0a 0 1- 0N 0 000 4-r-+ 000N0 00NN0-00NNNNNN0 0 00n000- - - - - -0N00 00NNN0NN00NN- N0 0 0 N
+a d 0-N N r 0 4040 00 444t0 0 0 0 0 0N 0- - - - - - 00 0' 0o 00000 0- 0000000 NN N0 N00 -NN - - ---- 000N O0 0 0 00N

40 0 w 0i -- -000 000 0 4 0 0 0 N4 00 00 0 0 0'0 0- - - 000000 n P 0000 0000 000 0 0NNNNNNN - -- - -- 000 .Ow 004
+N NO N tlN MnW wmrrr '''NN \NMI_ NNNNN19eseNteNN HM M etNN N -N =NN NNNN , -. ee wv- eeO wse.n C e N e

+ M IN-- -NryN MNN N aq P a O N N N 00 r N 'e n 4 3 w f M'ea N u 96e ene er&9 e n e #tn0*99*@ 90 nN NN U NNN fl40N .e e~eeeea-M . e ,. ew w a ocw ts p 4 N- 0 - U 0 e 0000 0 001- 0 n 000 0 N 0 0 0n 0 4 0- 0 00\0 000 0 00NNN0 00000000- - - -- n- -nM0n0NN NNNNNN NNN-, , 0
400y 000 H0i0 00 n410 4n0 N01- N404000 N0 "N 0 r4 NN 0 00-N--^ 0 00000000a0000 000000--0-0N00000M 00000N 00000- - - - - - - - - 00+ 00 0 4

fM N- N N a N a GG are 4 ea r AN N* tw@ MNN I0 NN a MN q P N N- N e H0NN~er NHM M90 n*1***\ eterenee N NNMN N MNNN NNNNN 00,'- em' se mes oee ,-ew,- ~ e NN .r
en st NN- .- N M as ifta f a 4 i3 Mt t f etttir eft itie a e M O w p MN fN N is 9 e tl pt r eta a NN NNHM H 96a e NN N N NN N MN N I NMyN NN -ew . . e . . . .e eeew . . .e.ee Oe-N

.H N r N n a J q H a M aNNMM lt gi ee a f 4449 eN NH HMMM HMMHM H MnNM H N NNNNNNN IN NNNNN NNfr NNN fg .. ee e e . a.. ...- we.. w e w Owe f NN
4r0 00 0d 0N 0 40 1a 001- 0- 004 0N 000 0 0 00M000 0 00 n 0 N 0 N N 00 0 00 - - -e- - - - - - - - ..- - - 0 0 0 00 mu

+ HM e ese N N M m a D ee t @ P ar O Naa P O O fuN N e fue N MMM H NHHHH N ee e Q et fNNN N N Mo. weN NN --eeew w e.. e.. f f u fUf
+ aM e UNgg ge N NNNNNN A D A " " n gie - Bi rn0 A m O r NN N M M N N M HH HNN eteie e 6f e ne ne uN N N nr0 - N rNN -- N NN Ne.e - w e u ufuf r

+M -- r N- D O O Oht Npgm N N am m -N NNM - e E N MMM M st** NN HHNMH I d N IN N N 00- MN Z.ew w eea-ew eee u f
+ M r N-NNw f Sa - .'a N e y NM MN D e a P Om a nah aN " NN 0 N een fuar ee etse N H 40N NMMMH aQ IN N r00r MN NN N. NNNNNe e ewewew f r4 .. 0. 0..ee 00ave 0000000n e 1 u - 0 - 4 0 1 -- 1-e 0 00 - 00 0 naeiae 00 00 0 0 0000 0 0 0000 0-00--0 00- - - - - - - -. .w . .. 0 00 00
4... 00 .000N 000 01- 0 00 4041- 0aN 4 00 0 0 0N0 0N00 00 00000 00 00 00 -0000 00- - --- - - - ---- - - - 0NN0 +
: .. 00 0 -. 000 0 a 1- 0 4 y04 0- 0 003m! 00H0000000 AS 0 00o 000 00 00 -000- 00- - ---- - - - - - - - - - --- - 0 N0

N -.. -. m * Na0 a -N 00 0 00 0 4 0 0041- 40N 0 0 0 0 0 0 0 0 N 00- 0 00- - - --- - - - - - - ---- -.o 0 u 00 4

ry- -e e e n MMM -Ne n u e n 4 a aNNH "N m !w QN a0 n a N S nM NN Q- N t o GN w00- N e NN N - e---w e4- - N N
+NN MMM ~.. we r e N N a r "" r m 4e ee4 On .. r Q HMNN-n e n n ee N I^ m tla e en N INs e--M- - w - - ew e a Nr
+ a NN aCe e C n 8? N 1A" rP N r H A agra-N H-" M e tl N M t N tnnnNN aN N N NN e we eeeo eo eweeN e N NN

+N naNN MC C M H N ND tlH Cl A r NN IIM IN NMM aaa 3 N N N +- NN ry - +

+4- 00 .. N. 000a 00a0" 00000 O40 1-N0 0N0M40 N0 40 0 00 00-0N 00 0 0 0 0 o00U 00----- --- ------.---- 0 0 4
+ -wN 0 00000 00a0 04 1a 1- 0 - . M4 00 00m 00 00 000" 000 ------------- NNNN ----------- - 00

w.. N. NN 0000"" m 00H 004 0 40 00 4 NO - 00 Qa04 0 0 0 0 00000 0 0000 - -- N N - - - -- - - - - -- N 000 4

+ N H we-e w000^N e cT NMN a H r P aD aNO N N Na N i 8408 4 NH & l' etil e nn et N N uN NN N N ̂-- Ntti trN N NN i
MM - Oe o oM NeN 3i ne en w en T N rP P NeNeNeN-r/e N an a aN at mnn w e M Q P0 NNH N N N NeN ---u NN r u NN N~uN eue N NN e

+ -uw Ne n-t n OO GwM tl a aa Nen e n MT P wH eenw0 NH M a 3a C m e N tld NM HM N N N NeNeNeN N -NN NNN N M r e tuu
+ O- NN00 0 -0 :M0as4a1- H- 00N NN N:N ANN N N .. NN------ ----w- ---- -.- - 00

+wryry -N N S OOOO Naa N " P " i ae menw N O N N e-eu N lMI 3 a CCNN dQ N~ I N N N t -e N N NN e N N m- r N ry me m NNN Mf+
NN ,iiIIH000 Q aMN On n anNe s e NN " O NN N N aa--a a an NtlOee mNN Z. M NN r NNMN NN N mnsn en mN- INe n ennn m a

:-NN-+ J"Oe4 eru N en aPS N"aN a 0a D C4 Nr QN N Nr -. N. In N a aM N e N *aaa Nwe N NNNrNN N eN N I~~ HMM NNNNNsesN eN N N N ~nMne NN M
+.. J aaO -ON QN H O nn NH . M *30 ne menne o e N " nM ee e NMNNN N N M MM en m mmeMMeNN N m e nnN NeN MMe
S . e YN MN en nee M 01 10a r a a se a e r r M..owuH e n ennN a e in NN eee NN NNNMN N H wwee e me e neHMemes NN M M MHMMN III f

+~~~~ .. aen e n 4tlaa nMMMMHM ...~re- .. wem, en e as es e e n e~ uen ee e nneennN N H n N M M MHMM N n MeNNHa.. N e e N n1.-fl n O an e e e .... r N .e .. w. N Nmaa a nNN Va M N a sMNN M n NXNeh e ee nnne nn ee m mn mnn esn
+-. a a i 0I3Nw MO"I-00000 NN Oa a 40 00. N .eNN N N NaN... 0.0000---N 0r 000 00 0 0000Hee e 00,sN

+ nn aa -e N " n t N Ie e e he ~21 H aaa-* Nwe n .e~ smmN Qeu em we *Os e ee H uN N NeN M m~ enen Men MeNmneN me H H ne m en nem aNMe
f ^N.-e.em a n Nee- -e mrN N & a Hn N we me N ew - NN NI e H s N OCC00 mme M NNN u N ^ nmeemennNN eNNNNeN H M H e ~ MMN mm mnM +
+- He f O J . H "a N 4 n O T M N D NNN +-N~fuN- CfuwNN, a en N Naa fto e we e N N N NN nNHHN a nnnen e g e nnnee ng g nayee ne ne naen,

+.. e NM .e M rw~ry M JM N n ryN HNM Nase i 4 -e va n nN nn a e a aQ aaa"II mi* N N N NN *T neom nas NNN NeNeN MeHM HH HH neen enN~ mNeNeNM+ QT NNNNN NMMHM NH H n MM m menwe e 4UNC Nes e e~nwee e e e eee het een NN 09 nennnesn NN nnne negene ee ne nr e shee nft ef .. N N N M H N - TS N Q N d0n nOOQ O " QN N -- N .-er N N -N N ' e vC n nen Oa ~ N NN N H n e n eenne N N H HH H ne.9nnn ne NNH N HH a MeNen +
+w we y N N fu N nem e eN N0 C " Q0 ..DO rrr O N N n . NNNNNN N N en O aaaa N NN N M MM en Pa NNM NNM.' NNNMN

+ N00 00 - 00 000 0N0 0--N----------000i0.0a00a..0M0 0000N-----------------------00 00
00 000-- 0 00 0 00- 0 00.- 0 0.000 4000 0 000000 000000--------------000

NN00 0 000gur000 0 0 0 0 340 0 Gr4 00y0 00r0g-Th0000 00se-d----C--tr00p*

4-AS-0-r00 0N00000000 00 00 0 aa 4 0n4 0+0-0N 0 000O0000a4T0000M00 00 0 00N00H000 000H00 H 0 0 0000 004
4 00 H +0000000 d0r" 0w0s 0a0N0n000N N0M4-0NN00M0MaN 00000I4aa00000000000HN00N 0000 00MM00N MMM000M000 NN00 M 004

f4-a * N na w -- N 4d 0 4 0 0 0 0 0 0 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0

4 000 4 0000- 0 1-0 00 1- 40 4 0 04 0 0 000 -- 0000 0 00 000000000000 0 0000 0000000000000000000000 0 000000 00000 4..f.. .. ".ff .. f..f~ff...

4- 0 000 -0 0 0 00 0 0 0 0 Fig00r000 0000r0ele00 000 00000000e0000ri00000s0 00000000C00000 00 0000



GREELEY

+ 4. . . . . . . . . . . . . .... . . .

. -+ * w NNNNN N «« N N we e NN NN
+ NNNNNNNNNNNN w* .. N M4 NNN

+ ~ eo ~ ~ea NNtNNNNNNNUNN Me N NN n NNN N Mtn,+ 0-^^" MM NN NNNNNNNNN - N ^ ^^ NNN H N M NNNNN NNNNNNNNNNNNNNNN N MnMM+ 00 r y*NN eb A .. A.rAl.A NN NNN NN 4 4 NN NNNNNNNNNNNNNNNNNNNNNNN 9l Al M
oo QC C ee M e O N N NH n w ~ el Re ~eww. N~tNN NN nn N U AN N N NNNN NNNNNNNNNNNNNNNNNNNtNNN MMnnmn es MMM

+ NN N NNN a~U U ~ ttU w Grentwees NN N NN "MMM etenNNNNNNNN tgetNNNNN NtN NNNNtNNNNNNNNNNN NNNNNNNNNNN NNNNNNN M MinnMMMMMMM "elMMMr;
+ rN r NNN. .NO"J MN +. NN N NN M~M* *M tu t ttU &40 N NNNN N NN NN NNNNNNN NN NNNNN NNN N N N NN N N N NN MM enl'ife 9004 e enen tot n e +N N-a N N N NNN N NNey NNN NN NNN NN N N N N NN NN N N N N N N N NN n N4n ~ n

+ ^ N 4 N r- N M NSN N N N N N NN N N N N N NN N NN NNNNNNN NN NNNNN N NN N
+ ^^ -o'*e M er NNN M NNNNN Q U w~C C NNN NM N N NN N N N NN N N N NN N NNNNN NNNNNNgtuuutt ieiNNNNNNNNNN NNNNNNN N NNNNNNN NNN NNN NNN

+ ^ +,-* * "---e N elNNN- N NNem N NNNM NNNNNNNNNNNNNNN~uu~Ut NU NNNNNNNNNN NNN NN N NNNNNNNNNNNNN NNN N
N o o w e QstNnee OTT>M Nrr NH -,. ,..e. we tu N MM NNNN NNNNNNNNNN NNNNN NN N N NN N N N N N N N NNNNNNNNNNNNNNUN ON N tNNNNNNN n~nUN

+ ^ NNNN NNNNNNNNNNNNNN NNNN NNNNNNNN NNNNNNNNN NNNNNNNNtU ut~tu~t~tuNNNNNNNNNNNNN N NNNtNNNNNN N NN N NNN
++~oo C - e OU NKT JttN 0 -6 NetNNNNN 0 eN NN NN NNNNN NNNNN N NNN NN NNN NN NNNNN NNNN N NNNNNNNUNNNNNNNNNN N N N N N

+ C C C t ttU t N NNt ete@ N N .0 0 NN NNNN NNNN NN NN NNNN NNN NNN NNNNNNN NNNNNNNNNNNNUNNNNN N NNNNNN+N en o o ,e-e Nt- u it N - . - 0 0 N NN N N NN NN N N N N N N N N NN~t~ N N NN N N NN N NN N N N N N N N N N N N N N N N N NNNNt UN NNN N N N N N N N t+
+ 0 0- r --- O -e N et i il eeete ttt tttttCttttOtU t ttU- NNNNNNNN N NNNNNNNNNNNNNNNN NNNNNNNNNNN

N0000l l-lylNlMl N NN . NN NNN NNNNNN 9l OI-NNNNNNA AlNN NlNlN N NN NNN NNNNtlNN

+N N NN NNN. NNN NN NNNNNN NNNNNN r g pr t ttuNNN NN NNNNN NNNNNNNNNNNNNNNNNN NNNNN N N N
40 0 NNNNNNeNtl N MMl MMAlnlASr awr IANNlN N NNNNllNNN ANNNNNNNNNNNNNN NNNNN U

* M+ NNNNN Ne9erQ NN MIa S M C M .. r NNN NNNN NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNNN tM
+ NNN N MMen M N NN NNNNN NNN NNNNN iNNNNNNNNNNNtN NNNNNNNN NNNNNNNN NNNNtNNNUNNNNd w NNN N NS eM NN erNeNvNeNenNtUNU N NN NN utNNNN ee-wea-mmeee-nee-me-e-,e-e e- NNNNNNNNNNNNNtNNNNN tUtutU NNNNNNNNNNNNNNNNN +

* N N NN N H N M MNN N NeNNN UNNNNNNN NNNNNNNNNNNN---NNNNeee-w em~m~ew...O U ~~~f ~~fftf~ufNNNNNNNNNNNNNNNNN NNNNNNNNNNN

4 0000 0 . lNNN l AlIM IN n N NIN NNN.. ANN..NNNNNIA IAwNNNNtNNN Nf U t NNNNNfNNNNNNNNNNN

N M G N N N N NN NNN N NN N NNN N N N N N N N NNN N N NNNNN NNN NN N

N D 44II 4 M Ma SS aJ M M MM M W NN M N N N N N NN N N N N N N N N N N N N NNN NN NN NN NNN NN N +
d d M O N MSN m y M Gn N N N N N N N N N- ^ + -N N N N N N N N N N N N N M W ! N N N N N N N

+ S d r G W M J N -a4 M n N N N N N N N N N - -N N N N N N N N N N N N N Mg N N N N'P4$N N

" dry N M >N P "t N a i 4 M n N N N N+ - + +N N N N N N N N N N M MMM N N N n MN N N N
f M N M & N NN N N M M N . .-NNNNNNNN NNN N N N NNN NNNNN nNNN
+ M - MM i d N N N 3 3 " M . w NNNNNNNNN C no anNNNN M N1 N n Mn "MNNN

" nnnad nr0 M n M M Mnn a d NNN nNNN . ^ NNNNNN NN NNNNNNNNNN nnnnnMMM NNNNNNNNNN MM OMMCQ~occo N NN NN

M - NSNN Sry- n OC OOMnO OC OO
NNN em O NMNNNNNNNNNNoof N n - n n n M M M M d N N N a e a n N w ry ry N N NN N N N N N N NNoN N Nw M M M flN C " N N a N N N N N N N NNN N. S O N N n " nM i r 0 0 0 d e a d u N N N w + - + r N N N E N N N Np- ~

* N M ~ M Mn "N N 0 O NF d o 0 . +N00N N ONN N NN ~ NN O N N ar P F OPO K "0N000NNN N NNNN NNN rryN
f N F N NM a d P P 0 0 - - w o 0 0 0 0 . N N a sN N NN N N N N

ya Nd NN N .. M N N NOMna N O M N N N NN 0000 000000 ^ Cmm N N Q N y 0 00 00 000NN NNN NN
+ N N a nww N M N n yi aa M d 0 00 . 00 00 00 N

+- 
- N N N N N o o o Q C C N

f NNNN NM MNN nN a M N 00000N0000000 N
+ N II = *oo o N N

+0r+ l -. 0l00l00000-0-00000All0l0000I0A AASA A A -lAll--rllr. l«lll «ll~~~ll~~~ll~~lll~~lll AII

+ N N Nan M NNnK M MK NN O N N N0 00
* ya N an NN yryN N M- D . + www w MM~N NNNNpM -ft

+ NN NNN NNCCo oo MM M NN N « 0%C CC CC C CNN nNN NN NNHN O M gM w . .re. + « ++ ww. wrw ww -

aM 0NNA A A 0 AlNA l AlNl lSMlNl-l AllNlllNNl l

. KS NN S M N NN NN MWN N-w. rNNN MN« -«r« -+
S S S N V N N N N N NNOO O N n N + -N r MO O N N N N N N- ........0 0 0 0 0

f MM MM NN0- 0 0 A - Al ll4 A l l ll Nlll AlNl NNNNN NNNNNNlwAll00lll00ll000ll00lSl00ll00

+ nN .w 00+« w «~~ N N~-e C nNw N N w . N NNNNNN N N NN N N N" .
+ " : NNN . +D ... N w MMMMn n N-NM N N+NN NN N N N N N « 0 0 0 0 0 0 a 0 C 0 0 0 0 0

f l0Al0NAlN- 
.+«+Al Al l l A NlN N ll ll l l00 00

+ N DiJY Nry - . + -.- O 00000 N NN NM N N a NMM +« NN NNNN M"MN 0..o--- 0D00000f N > NO .. .O 00000 O NM M a M 0 ry yryn MMMNN 0 0 00 0 0 00 0 0 00 0 0 00 0 0+ NN M . . 00 00000000 -N M MN MM N"> n M N. * MN NN N N n~n N M MN 0 0 00 0 0 0 0 0 0+ NN " M N0000 000 00 NNM a Q Nr^ '. -~ NN NN n 1 K0 %MnN No00 0 00a 0 0 0 0 0 0 0 0 0 0 0f

4- - - - -- - - - lANNA YAS l I~l -AlA I I IA NN SSlr Ar llNNNNllA MllJMM lllAAASJA~ASll lMAMlSl~~nllM~~lllAASllnn"lAlSl NI A

+ pK - ^ rO +O 000000 00 om f pq N N NNNM .. e N a N NN NNNN N NNN N MMMM MM nNn MMM NN 000 0000 000 000 0000 000 000 0 +NN 000000000.. . .00000e00..Oe0Oe... . w~ ... **NN NN NN N ***- e
+N + w +r. 00000000 ry em MM M a Nry M aaa M K Hn NM NNNN N NNNNNNNNNMN00 00 0 00 00 00 00«+ + N ^r r+ C NN W M M N- N ** M M M rN M NNNNN NNNNNNNN Mn OMM N . . . . .. 0 0 0 0 0 0 0 0r+ . . . o0 M MNNN aa N N ^-.j M . NNNNNNN n MnnMHNNa0.00000000KS Q M N M - N N N M M N + """ * "M NM M M NNNnM n~n~n NM M N . 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0+ ++ O .OO NN N~ M N N N Nn MNN SK NNaM MM MrM M nM M MMM*M "nn N 0 0 00 0 0 00 0 00 0 00 0 0

+Al N S lT NKl N4 M . Al4NNN Al"Al"lN-0 a A l l l l l l l l l l l lA l l l l A lll l0

o ~~ N AM N MN NN ma N N N N NNN a M is MM Mnn NNNNNNNNN 00 0 00 0 00 0 a aa 0 00 0 0^ ^. ~~ N NN NNN AM M NN N NNNN" Q MM M KN MMKN N N .00 00 000 .- -- 000 00 0D O 0 0 . 0 0 " N N M K N N a N N N N N n N N a n 0 N N N NK I N 0 0 0 0 0 0 0 0 N 0 0 0 0 0
+ 0 0 0 0 0 a N S n S = N N AlM l aN -f ~ N N M N ry0 N0 0 00A o 0 0 0 0 0 0

* - - -- - - - Al 0AlAMAllMl -N.IA -- Al 00 lN. l.. ll llr~ llnll nlnNllN NNNllNNNN lM A~ll~ln" lNNllN lN Sl 0l0 llollO lldlSo le l0000000A.A llall 0A0l00 ll. l0000

+00 0 000 00 +N a NN M MnN a M N N S w . « NMME NN N N N N NM C N N0 0 0 0 0+0 0 0 0 0 0 0 00 0 0 00.N N N M N N N - N N N 4. ^ - N M N N N N N N NO 0 0 0 0 0 0+0 0 0 0 . M a NN N N N N NNNa aN a NN a M NNN -MM N N N NN N 0 0 00 0 0 O e
+ 0000 0000 00000 + N MM N N M n M ii MNN N NM1 N N M p N NrN O O ~ a a+ O 000000000000000+ .+n RA NNN Q0 NM ~N MNNNNN NNN NN0

- - -- - A 04 4 AA l. Al A -- 00a l - S 00000l0000000lAllSll SllAlllSJAAAAASSIS~lJllS~NSSlAAAA~llllSAA~AASllJ

+ 000- -- A0-00l lAlNM--- n -M- 0lNN l- lNNllA l l l lllNllAlNl l l l A l
+ 000000 + 0 Al lASN wry 0%i l Nl+ Al lN Al Al lNMl A lAlNANl lA NNllllANNNlll. -N+N 0000000l00lllA-
+ 0000000++ 00Al0Al AlN N llN AN N lNNMl rllN NNNANNllllNNlN .S--oSala a 

llaSa a Ao0
+ 000 e0 0 00000 l +.... N +lM1 000 000 IA Al l l ..A llNNN NNNNNNN NlANlNl000ll0.00
+ 000 0000.0 Alrl lnl l 4lNNn0a ANN llllllllllANNNNNllllANNNNNNANNNNA- 

0al ol0000l0l00* 0 0- 00 0 0 Nr 0 aNAl AlNlNl 4 0 AAA lA A lA ASl l l S A l l l

+ 00 + 00 0 -r N- i pp n N r T N NNN NNN NN NN N N --00r r f .N 0000000. NMM N M M d N M N M N ....N N N y N N N N N NN N - 0

+ N- N NN NNNNNNNN NN Mr r
+N - O OO N M N M MN N N N N N N « '

+N ryCC O N 4 QM N N 1 M n NN+ +N N- - -. N N N NN N00 0Om N04N O 0 0 3 W N N M NNNN NNN w« _ _ NNNN
+ o NN NN p NNNNN NryNN rr NNN NNNNNNNNNNNN

+" w NOO a M M NNNNNN N NNNNNMN NNN -NNNNNNNN -

* 4 - 0 00 -- .^N l AlSNn NN NAll~~l Allryll rllNNll Nl AllNlNNlAllNllMNNl NNlNNlN^ NNNNNlNNNNN l- -ll~~lAll~l~~ll~~ll

+* ^NNOO OO M N + Nry NN M NNN w- NNNNNNNNN r .w+
+C O C C C C C NNN M M M N N N N NNNNNNNN NN NN N NNNNNma

+N ^ - C CC NN m M - N N N N NN N M N N N" ry -
+f N N^ -- OC ~ w N tt nN Mn NNN N r NN M NNNN N M K ne. NN+-« w ----- ^ _ ^^

f 0 0 ryNN M ifmm r eN N MMes NN N .--- w N~s. * *e**"*"n*"* *"**"***eN'"**"******* NN N NNNrN . +^ ^ ^eemweew

* I .. 0 ... Aloo oo ~ l~ll~l - - - - - - - - - - - - A~l~~ll~ll~ll~~l~~l~ASUA~UNAASJASJAJlA All~ll~~l~~l--A-l--l--ll-ll-ll-

O . C C CC O -N NNNNNNN e|N NMeM ryNN *** **w**"**N***N*****"***N***aN NNN NN N NwN rrr« -- ^^ ^~ee~ee~
+ O ~^ NN NNNN NN N NNN . NN MMO N N N ser NfUNN w ~ eee-a*eu- . " ".' **-*+" ^e"**N N N NN N N N NNwe-eeeee~.seew~.

+CO N MMNNN N NNNNM NNNNNNNNN e NN N Nss'N e M MM N + ++r .N . - -o N NN N tU NN N dUw~ee-eem~..w~seew~
f OO ^+ - N M N N NK N M N NN M fMN r N N NN nM1 ry --N N N w,..,e~.e.ew~e4,e..

+- 0.. C e-** N KM 0% s NM N N NN Mwe n..N N e N N N NNee N *****"'**

+* - N - MN N A N IAIAN.NIAIAIAO@% M 4 ,4 IA ,.I A--l-l l llNNNl l ---- ll*l ll**-l A l l l l l l l l l llNNN---lNll ll l ll l l l l lA*ll ll l l ll +

fOO +N N ryNN NryN W N p N tig Uten n NN N N Nr..y.N.N NNe.eNNN .N....*- . . =.-rNNN NN . .*m~ee~
+00 w NNNN - r N NNN MK MMM NNNN NNNN e ees ,s"nen , Nry NN .N .NNNNN NNNNN ..s.. fN

+#0000 -NNN r QN N - .N N NNNM a MNN+ N NNNN . -N-N-NNNNNN

000^ N MM NNN~M NNNNNNN" M NNNNNNNN -- N fNNN NNN NNN N+NN NN NNNMM M* * * **N N NN N N NN N N NN N N NN N N N NN

r +NNNN4H-Al%0 lA" NI Alll ll lllll- - -- - - - - - AlllN+lNNllNNlA lllllll ll

+r N N N Nry 44 N QN NNw ^rNNNNNNN

* 0 -4 4M4 .00 -Al-N- -N 4 4 4 0 A l l lNll l l l l----- -- l l l l l lNNNll l

+ n -N as IMMC M NN-n NNMNNN .NNNNNNNNN NryNNN N -e -- * - N H --- ---- NN-NN NNNNNN m N N M M- -- N umNN NN m
w M; NNM w e e ** e N e rUfU pe g . - . -- - - -- -- N NNNN NNNN fN U 4gf e f 6g UrUrMg~ g
N NM N e aw e *e * CCCC * Q 4 QN NM H NN M N w . . w +^ + -+ N + NN NN NNNN NryNN .. .e e-e N U M U NfUN U U UfMQU#4 t

in aM NN SU w w - U NN N -+ e f e r q e U qs ( . -- * * ++ ^^ NNNN NryNN -+ w =aa " we.4w a. w ~a.s i Nf Nf0 4
O a MM- N NN N r0- - NNNNM NNNNs ee e et s e e UrUgg . eae .. NNN NN NNN

+N MM i n WBe a N ON N-w +0N + -+ w -_ _ NNNN NwNNN.N -" "** ** * *a meswee- w w -a 04 f t

* - 44 4N0r0yNN 1 lO 4 4 4 0 AlSlSS NNNNNA lllSlA~NS~AAAASllIA O IIIAA I

NNN M MM M Q NMN NN NN N W NN 0 .+-- . N- .NN NNNN m - M M M M M M ~ N N f

"D 0000 -0A000010 4 Al lIAn llA.rNlAN ryNN lNASNliIIAwAN N000N

r ^-«---N rye4 Q N 8 & a*e 'ese-aeNNryNNN NN NNN N NNNNNNNtn M .emee"a'* **'e'**e-meee 4tU M

40 0 0 0 00O4444 nJ N IAIAONNNAlNAlNlNlNlNlnlnlnN*lNNNl- NNl-0-00- 0 N. A0 0

. 0.0. r00 0rIA 44--AlIA OIAIA 48 .00 -Nn44 44 IA Al-a-l-l -- -.- NN------------ - -- r------NlNlNlNl.l AlNl lNll.lNNN
f IA 000000NNAl - as NINAO.IAIA 444 4 I aA I IA 44 Al ---- ------- ------ +-- - ---- AlNlNl l# IA 4 IAIAIAIA . 0000 IA IAIAIAI 4 4 h-I IAIA0I . .A- - - - - - - - - --- -N""

0 0 0 0 0 0 00 n0J S 4 M N . N N N NEIry NN44+4NANN M r w + + -lNN N N NlNN N N N N Nl- l

0000. N N M+N M N N ryNN .... N..N....NNNN.....NNewe

gr IA34MGleAAAy QIIdrangan-MagneticlPslldN -lContNurNlap*

* IAM-.NAl Al0000A4 NN0NNN0NNNNNN-NNNN00NN0 0 00 0 l NlAllN.Sl~ASl
NNIANA- yIrlyAl Al Oa M4 0N A 4Q4NAN Al00 NNN00N0N0000 0N000N0000 - - - - - - - - - - - - - - - - - - - -AlNllNl

JN.N0 IAS4INN aAlKIArl Al.IAIA 4440400 IA AlNNl -- OooooooooNNNNNNN NNN NNNN

* N4 NN40 A lNAllNlN l IA OIAI AllSllSl - 0 -00N NN0NNNIANNNNN NNN000000000000 00 000 0

4 IA ----IA 0 IA-AlN NIA AIRlhI. AlNAl-NNNNNNAl- - - -Al 4OIA Nl - 0000 000000 -.
* IAy 404-wI A l0l00l0lnary Al - A l p 000y-N000NNNNNNANNNNNNANNl lylyN.ry0000000000

4 AI AI lN- -00-000- - - --00-M - ll~~ASlA~~nSlA SN lllM -- OONOO O OO O oo O oo-
*0 IA -0I 4l0 - .00 0 - -- 00a--A0 .N.ASKNAAS Aljl lyrw. AlANANlNNANlNNlNlNNl ONNNNNNNNNO --- oo ooo -

4~y Aln044wA - - - - - - - - - -0 00N AlA-A-A NNNAllN0NINIA Al- 0NlNANlNNNNIAN AllNNNNNOON00000oo ooo ooooN*- - - - - --- 0000 r .a F= n0000 alIA A. IAA N- - - - - -Al0l0lN000I0000000NN000 0000000000 00N0^0ryNN00NNrvl N I IA - - - - - - - 00 0000000 -Al p0IAry IA -- IA -IA AlNAl NArl r IAIAIAIAIA 0AIAIA NA lNNooy0NNooryONNoo-ooroNNNooMN f

*r Al l IA IA - - - - - -00 000 000Q O a IA wA r 4MA1AN-00000Al0l0l000IANNIANIANIAA AryNM1M001NN000_0 0 ryNNNNN 0N0NN 0
#-4N N NH N a N M Al- - - - - - - - - -000 0000 0NNIA AIAIANNNNN444Nl NNANNNlN --A-IA--AIAIA--IAIIAIANIA A

*" f .... .. . . ....-- - - o ... .. . . . . . . . . . . . .. . ...... 00 0 - A l 4 l Al - S AI Al.IA O..0."0...I..... .. fOIA f.... .. IA..IA...l....000000000000000000000..... ...0+.0.....4 00 - - - - - 4 IA IA IA l- -AOOAIA S AllO AIA000 IAI 0000IAO AIA AIA A All O ooo oooo ooo ooo oooo ooo ooo
4- - - - - - --0 00 00 Al~ll~l I Al 0 Al~l 0 AlFiAure OGreIAy uadIAIAI-agneicPsedo-AontourAaAp*0 0 00 0 0 0 0 0 00 0 0 0 0 0



In general, Precambrian rocks in the Uplift have the highest
counting rates and Cenozoic sedimentary units of the plains
have the Lowest. Most of the mapped geology does not
correlate well with radiometric patterns displayed by the
pseudo-contour maps, with a few exceptions. Two of these
are the Chalk Bluffs area (anomalies 68 through 70) and
most of the Precambrian Yg unit, all of which are well
defined by the radiometrics. A broad low zone. in evidence
on the thorium and uranium pseudo-contour mapsf extends
east-west from the Denver Basin to the North Park Basin,
across the Front Range Uplift. This feature is coincident
with a major magnetic discontinuity.

The Front Range Uplift has the greatest number of anomalies.
These are both larger and more tightly grouped than the
scattered, often culture related anomalies occurring in the
Denver Basin. This profusion of anomalies is partly coupled
to the threefold increase in number of flight lines over the
Uplift. Greater surface cover variability. resulting from
the highly irregular terrain and the "timberline" effect
(barren rock), serves to accentuate the disparity. Further
the variety of Precambrian lithologies lumped under simple
labels (Xg. Ygt etc.) increases the possibility for
statistical anomalies. (The Yg unit contains proportionately
more anomalies than any other unit.) Overallf the youngest
units, (Quaternary) exhibit the lowest counting rates. In
some cases higher rates may locally reflect contributions of
"fresh" Precambrian debris. Cretaceous arkosic and tuffaceous
units have the highest overall count of the mapped sedimentary
rocks.

Table 5 and the uranium anomaly interpretation map cite
79 anomalies which meet the criteria for statistically valid
features. In the Yg unit some high count features do not
satisfy the criteria because of the high unit mean. It is
suspected that debris from upslope Precambrian units may
shed across adjacent units creating anomalies. Some of the
anomalous features in the Precambrian Yg are probably due
to mining operations. Many anomalies matched discrete
cultural features in the more densely populated Denver Basin.
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Anomaly 37 contains 13 discrete elements along five
separate flight lines. It encompasses a large developed
(principally farmland) region wherein Highway 87 provides
the largest count rate at 64 cps (6.4 ppm eU). The area
is underlain by Quaternary aeolian and alluvial deposits
as well as the Laramie Formation. Specific elements of the
anomaly seem to occur over such diverse features as gravel
pits and reservoir banks. It is interesting that the larger
communities. Fort Collins and Greely, do not exhibit statistical
anomalies comparable to this region of crisscrossing rural
roads.

Anomalies 39. 10, 24, 25. 40 and 9 are presumed to also
represent culture. Anomaly 25 corresponds to a gravel pit;
anomaly 10 to a sequence of highways and roads. Anomaly 23
is partially adjacent to gravel pits but is quite extensive.
covering 4 to 5 miles along one flight line. Exhumed or
imported materials may be responsible for these features.

Anomaly 48, maximum 59 cps (6 ppm eU) and 70 cps (11 ppm
eT), occurs further north near Rist Canyon downslope from
Xg. Anomaly 59 is the most extensive anomaly in the PPif
and occupies much of the Lower Lone Pine and Rabbit Creek
Valleys. The peak amplitudes of the anomaly are 75 cps
uranium (7 ppm eU) and 240 cps thorium (37 ppm eT). The
two creeks themselves drain an extensive area of Precambrian
Yg. The valleys form an irregular graben-like feature within
a crystalline core. The PPif is primarily a fine to coarse
arkose containing silty interbeds and is bordered by faults
on all sides. The nearby Precambrian crystalline rocks
may be the source from which the uranium and thorium were
derived.

Pitchblende and Uranothorite have been noted (Nash and
Cunningham. L975) in shear zone breccia of the Jamestown
area otherwise well known for gold' lead and molybdenum
production. Anomaly 12 is a multiline feature whose elements

occur at or near the contact between Tertiary-Cretaceous
intrusives (Tki) and Precambrian Xy. Xb and Xy units in the
Jamestown area. This specific Tki intrusive body consists
of Jamestown sodic granite and a granodiorite. Phair and
Gottfried (1964) describe the surrounding Precambrian
(termed the Silver Plume) as being strongly radioactive.
The alkalinity of the Jamestown sodic granite invites
consideration as an analog to the Bokan Mountain occurrence
(Murphy, Wollenberg et al. 1978). The mineralized, sheared,
and brecciated contact between the Tertiary intrusives and
country rock served as a conduit and depositional site.
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It is analogous to thorium enriched brecciated features
in the Wet Mountains. (Christman et al, 1953). The maximum
count of the anomaly is 86 cps (8.6 ppm eU) and 322 cps (50
ppm eT). A thorium high of 580 cps (91 ppm eT) occurs
adjacent to the intrusion. Potassium.counts are also
extremely large. Individual uranium anomalies are strong
but only a few samples are broad, and are restricted to
the mapped. contact. Their extreme narrowness (sometimes
a single sample)t multiple occurrences over the contacts and
coincidence with known, narrowly zoned uranium occurrences
indicates that these anomalies are real and not culturally
related.

Anomaly 42 at Baker Mountain with a maximum count rate of
91 cps (9.7 ppm eU) and 250 cps (39 ppm eT) occurs principally
in Miocene to Eocene intrusive rocks (Tmi). It differs from
anomaly 12 by encompassing the intrusive body and extending
into glacial drift (Qd). Anomaly 79 a thorium feature, has
a maximum count of 501 cps (78 ppm eT). It is restricted to
the Yg and its contact with a Tki body and differs from anomaly
12 by not being restricted to the contact zone. Its statistical
significance and high thorium count make it worthy of follow-
up study.

The Chalk Bluff area at the northern quadrangle boundary
contains a group of anomalies which are continuations of an
anomalous trend in the Cheyenne quadrangle. The Cheyenne
anomalies are at the Ogallala contact with Brule, Arikaree
and Quaternary terrace deposits and circumscribe an oil
producing anticline. Anomalies 67. 68f and 69 have a maximum
count rate of 66 cps (7 ppm eU). This is substantially less
than their counterparts in Cheyenne with 90 cps (9 ppm eU).
These anomalies may be due to exposure of buried uraniferous
distributary channels along contacts. Alternatively seepage
from adjacent petroleum reservoirs may create pockets of
uranium enriched asphalt through formation of organo-uranium
compounds and subsequent distillation. The two mechanisms
discussed are only a few of many which might be suggested.
These anomalies warrant further investigation.

Many of the discrete anomalies and elements of the composite
anomalies are associated spatially with formational contacts.

Although examining contacts (structural and formational) is
an old prospecting techniques radiometric data may provide

semi-quantitative criteria to separate the more probable
ones for further investigation. Isolated statistical anomalies.
those not exhibiting correspondence with mapped contacts or

lineations might be related to unrecognized contacts.
A possible example is an anomalously hiyh potassium feature
occurring in an expanse of Precambrian Yg north of -the

Jamestown intrusive complex.. This could be the northernmost
intrusive body in a series of four existing alkalic granitic
bodies.
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17 out of the 79 statistical anomalies in the Greeley

Quadrangle show direct correspondence with linear features

such as faults and dikes. Another 6 directly adjoin inferred
magnetic discontinuities. Others have an indirect relation

to Linear trends geologyf magnetics, etc.). Previous

studies indicate brecciated zones or dikes in the Precambrian
rocks often localize uraniferous fluids.

A northwest-southeast trending shear zone consisting of
discontinuous faults and dikes, crosses the southwest quarter

of the quadrangle from the Denver Basin to the North Park
Basin (Geologic base maps). This extends over 60 miles

through high relief terrain across the Front Range and along
the west side of the Medicine Bow Mountains. Although

principally in Precambrian rocks, the Front Range shear
also offsets Tertiary volcanics. Anomalies 12, 74, 76. 32,

44, 47, 19 and 33 appear to coincide with the shear zone,

although magnetics do not indicate a st-ructural break.
Anomalies 32, 76. and 19 occur primarily in the Yg. Anomalies
47 and 74 are in the Xg and 32 is in the Xb. There does not
appear to be any direct lithologic relation between these
anomalies.

The Colorado "Mineral Belt" is a several hundred miles long'
loosely associated trend of mining districts and reported
mineral occurrences. The Jamestown district is at its
northern terminus. Anoma lies 3,79,74, 12, 20. 21, 22,
23. 26, 75, 27, and 36 could be considered within the Belt.

Anomaly 22 at 116 cps (12 ppm eU), occurring in Yg on
Coffintop Mountain within the Belt has the highest uranium count
rate in the quadrangle. A thorium high zone by anomaly 79 also

coincides with the Belt. Thorium counts as high as 580
cps (90.6 ppm eT) are noted in this zone. Anomalies tend

to be adjacent or aligned with an irregu .ar string of TKi
bodies which intrude the Yg. Xb and Xg units.

A northeast-southwest trending magnetic discontinuity
obliquely cuts across the northcentral Front Range in the

vicinity of Mummy Pass. (See Figures 31 and 35). This
feature,#along with parallel discontinuous, mapped faults,
and some topographic features appear to spatially correlate

with a broad uranium and thorium pseudo-contour low zone which

crosses the front Range Uplift from the Denver Basin to the

North Park Basin. This zone coincides with Xfh and Xb unitts,

effectively separating the Precambrian Yg into northern and
southern components.
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Statistical anomalies are similarly split. Anomalies
42 and 44 occur at theintersection of this magnetic
discontinuity and the Front Range Shear near the North Park
Basin Uplift boundary. Anomaly 59 adjoins the discontinuity
at the Denver Basin/Uplift boundary. Anomaly 44 is on a
short northwest-southeast mapped fault segment separating
Tertiary volcanics from Precambrian Xb. It has a maximum
count rate of 100 cps (10.6 ppm eU).and 200 cps (31 ppm eT).
A one sample wider six standard deviation anomaly apparently
lies directly on the fault. The second element of the
cluster is broader (four or five samples). The confluence
of large features like the Mummy Pass discontinuity and the
Front Range shear' coupled with the presence of both acidic
volcanics" intrusives and Precambrian country rock and
radiometric anomalies would indicate further study of this

region is warranted.

The Permo-Pennsylvanian Ingleside and Fountain Formationsf
combined. (PPif) is typically exposed in narrow upturned
beds adjancent to the Precambrian core of the Front Range.
Anomalies 36. 48, and 59 are associated with it. These are
narrow restricted' often multiline features which tend not
to overlap into adjacent Precambrian or Triassic units.
Anomaly 36 has a maximum of 75 cps (7.5 ppm eU) and 50 cps
(7.8 ppm eT) and occurs across a fault contact with the
Precambrian Xg. The anomaly extends from the eastern flanks

of Blue Mountain into the downslop drainage course and may
result from surface debris shed by the adjacent Xg. A power
plant complex is situated one half mile to the north with
an associated pumped storage reservoir one quarter of a mile
east. If this is a coal burning plant, the anomaly might
result from fly ash deposition or contaminated water.

Anomaly 48, maximum 59 cps (6 ppm eU) and 70 cps (11 ppm eT)

occurs further north near Rist Canyon downslope from
Precambrian Xg. Anomaly 59 is the most extensive feature
in the PPif and occupies much of the Lower Lone Pine and

Rabbit Creek Valleys. Maximum count rates are 75 cps (7
ppm eU) and 240 cps (37 ppm eT). The two Creeks drain

extensive areas of Precambrian Yg and the valley is essentially
an irregular graben-Like feature inset in the crystalline
core. The continental origin, overall fine to coarse
arkosic nature' silty interbeds and proximity to Precambrian

crystalline rocks indicate this formation is a possible host
rock.
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The magnetic pseudo-contour map. Figure 35, clearly shows
the sediment filled Denver Basin abruptly terminating against
the uplifted Front Range on the west. The boundary between
these two structures is not the relatively simple north-
south magnetic trend which exists further north in the
Cheyenne Quadrangle.

First, there is a magnetic basement -ridge striking east-
northeast 'which apparently divides the Denver Basin into-
two sub-basins to the north and south. The ridge is broken into
at least three segments by northwest trending faults within
the magnetic basement. Also, there is another smaller magnetic
basement high in the southeast corner of the quadrangle.

Second, there is a major magnetic lineation, striking north-
east. just north of the basement high and is inferred to
be a major magnetic basement fault. It is coincident with
a series of mapped faults which trend northeast across the
boundary between the Front Range Uplift and into the Denver
Basin. Topography within the Uplift also coincides with the
inferred fault, e.g.. at Mummy Pass. Since this magnetic
lineation cuts the Uplift/Basin boundary, it could indicate

post Laramide activation of an old Precambrian feature. Both
the inferred magnetic basement ridge and the major inferred
fault correspond to features on the Bouger anomaly map in

he Rocky Mountain A:-as of Geology (1972).

Geochemical Analysis Results

Seven mapped formations. Precambrian granitic rocks - Yg,
high level gravel deposits - Tgr. Middle Tertiary intrusive
rocks, - Tmi, the Denver Formation - Tkd, Fox Hills Sandstone -
KFr Ingleside and Fountain Formations, combined - PPif, and
aeolian deposits - Qe, have sufficiently polymodal
distributions and the requisite spatial coherency to allow
them to be subdivided. This subdivision is accomplished by
picking the count rate which best separates the modes and
using it as a threshold to compare the stacked profiles with
the appropriate parent unit on the geologic map. Table 6
summarizes the geochemical sub units and the radiometric
criteria. The interpretation map displays the spatial
relationship of the subunits.
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TABLE 6

MAIN UNIT

Tgr

Kf

Tmi

Yg

Tkd

SUBUNIT THORIUM POTASSIUM

Tgr1
Tgr2

Kf1
Kf2

Tmi1
Tmi2

Ya1
Yg2

<215
>215

< 85

> 85

< 150
> 150

< 115
> 115

Tkdl
Tkd2

PPif1
PPi f2

PPif

Qe Qe1
Qe2
Qe3

< 65

< 65

> 65

THORIUM/POTASSIUM

>.43
<.43

>.34

<.34

<.40

>.40

<240
>240
>240

Pseudo-contour trends do not clearly distinguish boundaries
between the geochemical subunits. The statistical anomaly
distribution does not unequivocally make distinctions either,
although 30 anomalies are associated with the Yg2 subunit
and none occur in the Ygl subunit. Subunits of the
Ingleside and Fountain Formation (composite) and the Qe sub
units each contain selected anomalies indicating no obvious
preference for geochemical sub units.

The geochemical subunits are primarily within: (1) mapped
Precambrian Yg and flanking sediment units in the western
one-third of the map; or broad areas in the eastern two-
thirds of the map overlain by Quaternary material. A
third "class" consists of small clusters of Tertiary
intrusive rocks.
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Principle components analysis indicates that nearly 90%
of the total sample variance is accounted for by the
first and second principle components. There is no
apparent relationship between the age of the formations
and the eigenvalues - eigenvalues are proportional to the
percent of variance accounted for by each component.

Glacial drift (Qd. and Qdo) has 75-80% of the variance
accounted for in the first component. This may be due to
homogeneous mixing of the constituents within the sediments.
Tertiary units generally have 80-90% of the total
variance accounted for in the first and second components,
with 45-60% accounted for by the first. The Coalmont (TC).
Denver (Tkd)t and gravels (Tgv) have first and second
components accounting for 80-90% of the total variance.
LithologicalLy' these are fluvial/alluvial conglomerates
(Tc)t non-marine sandstone (Tkd), and partially cemented
gravels (Tgv). Tkd has local conglomeratic lenses. A
common denominator may be the coarse clastic nature of
these units.

Permo-Pennsylvanian and Triassic units show 90-95% of
variance accounted for by the first two principal components
with 60-65% represented by the first alone. The Lykins
Formation and Lyons Sandstone combined (Trplf) and Ingleside
and Fountain Formationt combined (PPif) have 85% of variance
accounted for by the first component indicating remarkable
cohesiveness for combined units. The Precambrian rocks
had 90% of the variance associated with the first two
components with 70-80% in the first component alone.
Tertiary volcancis and intrusives appear similar. Both
differ from the sedimentary units in having larger eigenvalues
for the first component.

Most of the formations separate into three classes in the
principle component analysis: (1) first component correlates
with potassium and thoriumf and the second component
correlates to uranium; (2) first component correlates with
potassium; and (3) equal correlation in the first component
with all channels and second component correlates with
uranium. Each class contained equal numbers of Mesozoic units,
indicating no preference for lithology. Tertiary units
tended to occur in classification 1 and Quaternary units
in classification 1 and 3. Tertiary volcanics were found
in classes 2 and 3. The significance of the classification
is indeterminate at this time. However, the number of samples
in Xb and Xg units in class 1 ( 18684 and 8846) and the Yg
unit in class 3 (20322) indicate neither class is a trivial
result. The anomaly maps and pseudo-contour maps illustrate
a similar tendency for these Precambrian units to separate.
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GEOLOGIC DESCRIPTION

ROCK SPRINGS. RAWLINS, AND CHEYENNE QUADRANGLES

PRECAMBRIAN

PCGN- Gneiss (Proterozic - Precambrian X).
Augen- quartzo-feldspathic, biotite, and horn-
blende gneiss of JeLms Mountain.

PCG
PCSCH- Schist (Proterozoic - Precambrian Y).

Intermixed black to gray phyallite and slate
with chlorite and amphibole- white massive
quartzitef sericitic schists, and marble.

PCG- Older Precambrian granite and quartz monzonite.
(Proterozoic - Precambrian X).

PCNOR- Norite and Metanorite (Proterozoic - Precambrian
Y).

PCQM- Precambrian quartzite (Proterozoic - Precambrian
Y).

PCAN- Anorthosite (Proterozoic - Precambrian Y).
Gray to light-brown quartz diorite and minor
quartz monzonite.

PCQ- Precambrian Quartz Monzonite (Proterozoic -
Precambrian Y).

PCGR- Granite (Proterozoic - Precambrian X).
Pink to pinkish-gray granite and minor quartz
monzoni te.

PCU- Undivided Precambrian igneous and metamorphic
rock. (Proterozoic).

PCI- Undivided Precambrian Intrusive rocks (Proterozoic).
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PALEOZOIC

CU - Cambrian Rocks (Undivided).

MCU- Cambrian and Mississippian Rocks (Undivided).

PTA- PennysLvanian Undivided (Morrowan to Virgilian)
Darwin Sandstone member and red Horsehoe Shale
member of Amsden Formation, with intertongues of
shaLey carbonate rock of laterally equivalent
lower Casper Formation, and white to calcareous
sandstones of Tensleep Formation.

PMU- Mississippian and Pennsylvanian Rocks (Undivided).

PPC- Casper Formation (Pennsylvanian to lower Permian)
White Cross-bedded calcareous sandstone with
limestone in upper sections.

PPFSC- Pennsylvanian and Permian Rocks (Undivided).

PG- Goose Egg Formation (Permian - Leonardian to
Guadalupian)
Predominantly red shales and siltstones with
interbedded limestone and thin gypsum beds,
laterally equivalent to Satanka Shale and
Forelle Limestone.

PFS- Satanka Shale and Forelle Limestone Undivided
(Permian-Leonardian to Guadalupian)
Thin beds of red shales and siltstones with
interbedded evaporites, grading into clastic,
bluish-gray, crenulated limestone. Represents
shallow water deposition in lower portions
grading upward into deepening marine shelf
depositional evrinorment. Uncomforambly
overlies Casper Formation.

PU- Permian Rocks (Undivided).

PALEOZOIC - MESOZOIC

TRPU- Undivided Permian and Triassic Rocks
Inclusdes Satanka Shale, Forelle Limestone and
Chugwater Formation.

A2



MESOZOIC

TRJC- Chugwater Group (Early Triassic).
Red shale and siltstones with interbedded Limestone
and Red shale and evaporates in basal sections, and
clay pebble conglomerate at base of upper Jelm
Formation. Represents deepening marine sequence
from a more restricted marine embayment.

See Greeley unit descriptions for Jelm Formation
aescript ion

TRU
TRJC Triassic Rocks (Undivided).

JS- Sundance Formation (Jurassic).
Gray and green non-marine shares, and sand-
stone beds. Represents continental flood plain
and/or drier climate sheetwash (Stokes, 1950).

JM- Morrison Formation (Latest Jurassic).
Varicolored shales with chert and light colored
aeolian and non-marine sandstone beds. Represents
continental flood plain and/or drier climate sheet-
wash (Stokes, 1950).

JU
JMS- Undivided Jurassic Rocks.

Includes rocks of the Morrison Formation, the
Sundance Formation, and the uppermost Jelm
Formation. See Greeley unit descriptions for Jelm
Format ion descript ions.

KJCS- Lower Cretaceous - Upper Jurassic Rocks (Undivided).
May include Sundance Formation, Morrison Formation
and Cloverly Group.

KCV- Cloverly Group (Cretaceous - Aptian).
Base of Pryor Conglomerate (conglomeratic sand-
stone) grading into pink shale. Grey Bull "Rusty
Beds" sandstone lies disconformably above the
lower member. Probably represents fluvial and
lacustrine deposits prior to the transgression
of the Skull Creek marine invasion associated

with early Albian down warping.

KJCM- Morrison Formation and Cloverly Group (Undivided).
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KMT- Mowry Shale and Thermopolis Shale (Cretaceous -
Albian).
Basal dark shale with interbedded thin brown sand-

stone beds. grading into siliceous, bentonitic,
porcelaneous shale. Represents westward-transgressing
marine environment of the Skull Creek Seaway
and the later. more restricted. Mowry Sea.

KF- Frontier Formation (Cretaceous - Albian through
Turonian).

Dark marine shale with siderite concretions and
bentonitic beds. Several disconformaties could
indicate local periods of non deposition. Wall
Creek glauconitic sandstone lies discomformably
above shale member.

KFMF- Mowry Shale, Termopolis Shale, and Frontier

Formation (Undivided).

KN- Niobrara Formation (Cretaceous - Coniacian

through lower Campanian).

Gray marine shales and silty limestone of the lower

sections of the formation. Represents approximate
statigraphic position of maximum transgression of

the Niobrara Seaway to the east. The seaway

attained depths of only 600 ft., but northflowing

surface currents operated with little restriction.

Thickness in southern Wyoming varies from 1000 to

2500 ft.

KS- Steel ShaLe (Cretaceous - Campanian).

Gray marine shales deposited during regressive stage
of the early Clagget Cycle. Depositional conditions

similar to those of the Niobrara Formation, though
shallower seas are indicated - nearly 2500 ft. of

shale deposition in the area. Upper sections marked
by thick beds of fine grained near shore marine

sandstonest which are transitional to Mesa Verde
group.

KSN- Steele Shale and Niobrara Formation (Undivided).

KMV- Mesa Verde Group (Cretaceous - Campanian).
Interbedded marine and non-marine shales, coal/

and crossbedded sandstones. The near shore marine,

and non-marine fluvial flood plain and paludal

deoositional environment represented here are
related to stirl-_:and conditions near maxi-um



KLE- Lewis Shale (Cretaceous - Maestrichtian).
Gray marine shale with minor interbedded silt-
stone, sandstone and coal. Related to trans-
gressive portions of the Bearpaw Cycle. Lateral
equivalent of the Pierre Shale to the east, and
the non-marine Lance Formation to the west. The
shales are 1000 to 1200 feet thick in southern
Wyoming.

KBA- Baxter Shale.
Marine shale lateral Tununk and Lower Mancos
shale equivalent; Cenomanian. age (upper Cretaceous);.
a-transgressive unit of Greenhorn cycle; a glauconitic

shale interbedded with sandstone; some calcareous
interbeds.

KP- Steel Shale Mesa Verde Group, and Lewis Shale
Undivided.

KPN- Niobrara Formation, Steel Shale, Mesa Verde
Group and Lewis Shale Undivided.

KBL- Blair Formation.
Dominantly shale -Lateral equivalent of Cody
and Steele Shale; transgressive; Cenomanian -
Turonian age.

KMB- Medicine Bow Formation (Cretaceous - Maestrichtian).
Interbedded non-marine shales and sandstone, with
coal beds some black shares near base. Fluvial to
paludal environment. Equivalent to Lance Formation,
but confined to the Hanna and Laramie basins.

KR- Rock Springs Formation.
Coarse arkosic sandstone; mid-Maestrichtian Age;
representative of the regressive phase of the
CLagget Cycle; derived from flood of coarse clastics
and cycles of oscillating uplift/deposition.

KE- Ericson Formation.
Fluvial sandstone; mid-Maestrichtian age; represent-
ing relatively slow transgression of Bearpaw Cycle;
reflects irregular inundation patterns.

KAL- Almond Formation.
Fluvial sandstones with local marine stillstands

preserving barrier bars; mid-Maestrichtian age;
essentially representing high energy environment

(well sorted) pinchouts etc., shows shifting from
barrier island to swamp and lagoon environments.
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KFL- Fox Hills Sandstone and Lewis Shale.
(Undifferentiated).
Yellow-brown, white, and gray calcareous sandstone,
and gray sandy shale interfingered with gray-brown
shale representing marine-to-continental
transitional oscillating environments; mid-
Maestrichtian age; Fox Hills.Sandstone shallow
water and littoral unit resulting from the
Bearpaw regression; Lewis Shale is considered
uppermost marine shale of Clagget Cycle units.

KI
KL- Lance Formation (Cretaceous - Maestrichtian).

Interbedded non-marine shales, and sandstone
with coal beds and black shale at base. Fluvial
to paludal environment. Deposition during final
regression at the Pierre Seaway. Lower sections
laterally equivalent to Lewis Shale. KL - Exposed
in Rock Springs Uplift in central part of quadrangle.
KI refers to the Cheyenne quadrangle outcrops.

KU- Cretaceous Rocks (Undivided).

KJU- Cretaceous - Upper Jurassic Rocks (Undivided).

KJCS- Lower Cretaceous - Upper Jurassic Rocks (Undivided).
May include Sundance Formation, Morrison Formation
and Cloverly Group.

MESOZOIC-CENOZOIC

TKF- Ferris Formation (Cretaceous to Tertiary).
Light to dark gray. carbonaceous shale.
Fossiliferous, cross bedded sandstone and numerous
coal beds also are present. Represents continental
fluvial and paludal environments and is laterally
equivalent to the Lance Formation.

CENOZOIC

TFU- Fort Union Formation.
Lithologic generalization difficult because of
extensive variability (a) Red Desert Basin:
mixture of low to high energy fluvial, p ludal
and piedmont type sandstone, shales siltstone,
and lignitic coals; (b) Washakie Basin: mixed
low to moderate energy fluvial, drab paludal



sandstone, shale, siltstone and Lignitic coals
(some interbedded red beds); (c) Green River
Basin: mixed depositional environment, including
floodplain, alluvial, paludal materials. some
local massive coals; Paleocene age; in places,
seems to grade upward to Wasatch, unconformable at
basin margins; contacts sometimes indistinct;
thickens to eastward on east flank of Rock Springs
uplift and thickens westward and northward on west
flank; 2000-2500 feet thick in Green River Basin,
4000 feet thick in Red Desert Basin, and 4500 feet
thick in the Washakie Basin.

TH- Hanna Formation (Tertiary - Paleocene).
Restricted unit of arkosic sandstones' local
conglomerate. minor lignite coal, and dark shale
beds. Laterally equivalent to more extensive

Fort Union Formation of similar lithology in the
Red Desert, Washakie, and Green River Basins.
Mixed low-to-high-energy fluvial, paludal, and
piedmont plains depositional environment.

TBS- Battle Springs Formation.
High energy fluvial arkosic sandstone; Eocene
age; extensive interfingering with low to moderate
energy fluvial and paludal Wasatch Formation and
with overlying Luman and Wilkens peak members of
Green River Formation.

TW- Wasatch Formation.
Mid-Eocene redbed.unit of mixed fluvial, alluvial,
piedmont and Locally paludaL environments deposited
in subsiding basin; variable Lithologies (a) Washakie
Basin: mixture of fluvial and paludal environments;
reduction with some local areas of sandy gray
mudstones and channel sandstones, and coal and
carbonaceous materials. (b) Green River Basin:
mixed fluvial environment of high to low energy
with vertical and lateral gradations. (c) Red
Desert Basin: low to moderate energy fluvial and

paludal environment; overall, a thick unit of sandy

shale and siltstone having variqated (pink/ red,

etc.) appearance' and variable amounts of channel
sandstone depending on local paleo-drainage system
configuration. Extensive intertonguing with
Green River and Battle Springs formations; shifting
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depositional centers produced variable thickness -
estimated to be approximately 5000 feet in
central Washakie Basin.

TWK- Washakie Formation.
Eocene continental fluvial sediments; lateral
equivalent of Bridger Formation and Uinta of
Bradley. 1964.

TWDR- Wind River Formation (Tertiary - Eocene).
Poorly sorted arkosic gravelly sandstones with
interbedded non-marine shale's. Restricted to
Hanna and Laramie Basins. Low to moderate energy
fluvial and Lacustrine environment indicated.
Probably equivalent to more extensive Washakie.
Battle Springs and Green River Formation in more
westerly basins.

TGR- Green River Formation.
Eocene. Lacustrine-derived fine grained sediment.
Widespread anaerobic bottom water conditions coupled
with high organic activity produced kerogenousf
thinly to very thinly bedded marLstones ("oil shales")
in most formation members. The members have some-
what different characteristics from basin to basin.
(a) Green River Basin: Tipton shale member -
thick fine-grained calcareous shale, marlsi etc.,
400 feet of Luman tongue mudstone and siltstone;
Wilkens Peak member - complex bedded evaporite;
Laney Shale Member - interbedded marlstone, lime-
stone, Tuff, and sandstone. (b) Washakie Basin:
Laney shale member marlstone. and oil shale.
Tipton shale member soft brown fissile, shale and
flaky marlstone. (c) Red Desert: Luman and Wilkins
Peak complex represent lacustrine interface with
Battle Springs Formation. Unconformably overlies
Washakie Formation.

TG- Assumed to be Green River Formation;
Rawlins quadrangle only.

TB- E ricar F r- t2  (Pok S;-r3 047 c e on
Middle to late Eocene mudstone from mixed fluvial
environment; varicolored white and light gray to
dark green and deep brown' with some pink and red
banding in upper part; nearly pure interbedded
volcanic ash beds are common, associated with
limesstones representing ponding and lignitic
coal; covers much of the central parts of the
Green River and Washakie Basin. Unconformably
overlies Green River Formation.
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TC- Chadron Formation (Tertiary - Oligocene).
Thin, but extensive varicolored, loosely to
moderately cementedbentonitic clay and silt.
Part of the White River Group and stratigraphic
equivalent of the White River Formation to the
north and east.

TB- Brule Formation (Tertiary - Oligocene - Cheyenne
Quadrangle only).
Brittle argillaceous siltstone with minor lime-
stone, clay and ash. Part of the White River
Group and stratigraphically equivalent to the
White River Formation to the north and east.
Overlies Chadron Formation.

TWR- White River Formation (Tertiary - Oligocene).
White to gray non-marine siltstones and shales,
with layers of varicolored tuff. Environment of

deposition probably lacustrine and low-energy
fluvial. Laterally equivalent to Castle Rock

Conglomerate to the south.

TD- Dutton Creek Formation (Tertiary).
Highly restricted unit of yellow to gray, generally

coarse, sandstone with some local conglomerates.
Probably represents medium to high-energy fluvial
environment associated with northerly divided
drainage into the Hanna Basin.

TBC- Bishop Conglomerate. (Mid-Miocene).
Continental conglomerate representative

of high energy fluvial environment; lateral

equivalent of Split Rock Formation.

TBP- Browns Park Formation (Tertiary - Mid Miocene).

Fine grained aeolian and fluvial sandstones,
rough gravelly conglomerates and local nonmarine
limestones. Individual beds show cut-fill
characteristics. Deposited in structural basins.

Generally restricted to south central Wyoming.

TA- Arikaree Formation (Tertiary - Miocene to Pliocene).

Relatively thin unit of light gray very fine-to-

fine grained. loose to well-cemented sandstone.

Previously known as Split Rock Formation (Keefer.

1970).
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TO- Ogallala Formation (Tertiary - Miocene to
Pliocene).
Heterogeneous thin unit of intermixed, poorly-
to-well-cemented silty sand. and gravel.

TNP- North Park Formation (Tertiary - Miocene to
Pliocene).
White fine grained sandstone, siltstoner and shale

with layers of white tuff.

TVU- Tertiary VolcanicRocks (Undivided).
Upper Tertiary intrusive and extrusive rocks
in Leucite Hills of north center Rock Springs
Uplift.

TI- Tertiary Intrusive Rocks (Undivided).
Probable Miocene intrusives of basaltic composition
in the Battle Mountain area in the south central
Rawlins Quadrangle.

TU- Tertiary Rocks (Undivided).

QTU- Plio - Pleistocene sandstones and conglomerates.

QT- Terrace Deposits (Quaternary - Pleistocene).
Intermixed sand, gravely cobbles, and boulders.

QG- Glacial Deposits (Pleistocene).
Glacial dust, outwash deposits. less and various
shales.

QAL- Alluvium (Quaternary - Recent).

QF- Fan Deposits (Recent).

QSW- Slope Wash (Recent).

Intermixed clay, silt, sand, and gravel.

QMC- Mantle Cover (Recent).

QLS- Land Debris.
Unsorted rock debris emplaced by mass movement.

QS- Eolian Sand (Recent).
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Q- Surficial Deposits.
Combined alluvial deposits' terrace gravelsf and
windblown sand.

QU
QD- Undivided Surface Deposits.(Quaternary).

Includes alluvium, colluvium and pediment
surface deposits.

QLE
QL- Quaternary Deposits (Unspecified).

Assumed to be lake deposits in Rawlins Quadrangle.

All
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GEOLOGIC DESCRIPTION

GREELEY QUADRANGLE*

PRECAMBRIAN

XB- Biotite Gneiss, Schist, and Migmatite (Precambrian
X).

Principally derived from sedimentary rocks; locally
contain interbedded hornblende gneiss, caLc-
silicate rock, quartz-rich rock, and
met a conglomerate.

XFH- FeLsic and HornbLendic Gneisses (Precambrian X).
May have been principally derived from volcanic
rocks; locally contain interbedded biotite gneiss,
amphibolite, and calc-silicate rock.

XG- Grandiorite and Granite (Precambrian X).
Includes Boulder Creek Granodiorite and tonalite

in the Front Range, and granite in southern
Medicine Row Range; approximately 1,750 m.y. old.

YG- Granitic Rocks (Precambrian Y)
Includes Silver Plume Granite and Sherman Granite;
1,350-1,450 m.y. old.

PALEOZOIC

PPIF- Ingleside and Fourtain Formations (Undivided).

Ingleside Formation (Lower Permian): Gray-white
sandstone and crinoidal limestone; eastern
foothills area; 30-40 meters thick.

PPCF- Casper and Fountain Formations (Undivided).
Casper Formation (Lower Permian, and Upper and
Middle Pennsylvanian. Continental, well-sorted
crossbedded arkosic sandstone, interbedded with

thin beds of marine limestone; Laramie River

valley; 30-120 meters thick.

PPF- Fountain Formation (Lower Permian and Upper and
Middle Pennsy lvanian).

Red, continental, fine to coarse grained arkosic

sandstone and conglomerate, and thin beds of

variegated siltstone; eastern foothills and Laramie

River valley; 300 meters thick.
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PALEOZOIC - MESOZOIC

TRPLF- Lykins Formation, Lyons Sandstone, and Forntain
Formation, (Undivided Lower Triassic/Upper Permian
to Lower Permian/Upper PennsLyvanian).
Reddish mudstone having dolomitic and gypsiferous
interbeds (Lykins Formation); aeollian sandstone
exhibiting large scale crossbedding, some local
flu'viaL coarse grained arkose and conglomerate
(Lyons); sandstone, red continental, fine to
coarse grained arkosic sandstone and conglomerate
(Fountain Formation); combined thickness 465-495
meters.

TRPLL- Lykins Formation and Lyons Sandstone, (Undivided
Lower Triasic/Upper Permian to Permian).
Reddish aeolian sandstone exhibiting a large-scale
crossbedding (Lyons). Local fluvial coarse-grained
arkose and conglomerate (Lyons Formation), combined
thickness 165-195 meters.

TRPJS- Jelm Formation, Lykins Formation, Chugwater
Formation, Forelle Limestone, and Lyons Sandstone
and Satanka Formation (Undivided - Lower Triassic
to Lower Permian). Buff-red continental arkosic

sandstone, exhibiting cross beds (Jelm Formation);
reddish mudstones (Lykins); red sandstone
interbedded with siltstone and shales (Chugwater
Formation); reddish marine dolomitic limestone
(Forelle Limestone); aeolian sandstone with local
fluvial arkoses and conglomerates siltstone
interbedded with sandstone and some limestone,
locally gypsiferous (Satanka Formation). Combined
thickness of 361-651 meters.

TRPR- Jelm Formation, Forelle Limestone, and Satanka
Formation, (Undivided Upper Triassic to Lower
Permian).
Buff-red continential arkosic sandstone (JeIm);
reddish impure dolomitic limestone (Forelle
Limestone); and red brown marine mudstone and
siltstone interbedded with sandstone and
limestone (Satanka Formation); 96-156 meters
combined thickness.

MESOZOIC

MZ- Undivided Mesozoic Rocks
Symbol used only in areas of complex structure;

western flank of Front Range.
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KJDS- Dakota Group (Sandstone), Morrison Formation and
Sundance Formation, Undivided - Lower Cretaceous
to Middle Jurassic. Buff, aeolian crossbedded
sandstones whose base is a regional unconformity;
eastern and northwestern flanks of Frong Range
(Sundance Formation); variegated shale and
siltstone (Morrison Formation); gray fine- to
medium-grained sandstone and shale - South Platte
Formation, and underlying fine - to coarse-grained
sandstone with variegated siltstone - Lytle
Formation (Dakota Group) combined thickness of
255-285 meters.

KTRDC- Dakota Group or Sandstone, Morrison Formation and
Upper Part of Chugwater Formation, (Undivided).
(Lower Cretaceous to Triassic): fine-to medium-
grained gray sandstone and shale - South Platte
Formation; and underlying, fine to coarse
grained sandstone with variegated siltstone-

Formation, occurs in Denver Basin and
western flank of Front Range (Dakota Group);
Variegated shale and siltstone with minor
limestone and sandstone occurring on eastern and
western flanks of Front Range (Morrison); Red
sandstone, siltstone, and shale Locally gypsiferous;
occurring on eastern and western flanks of Front
Range (Chugwater); combined thickness 180-435 meters.

KC- Colorado Group (Cretaceous).
Includes Niobrara Formation (Upper Cretaceous),
dark-grey calcareous shale and limestone, 100
meters thick; and underlying Benton Group or Shale
(Upper and Lower Cretaceous), consisting of upper
marine black shale unit, middle Limestone unit know
by various local names, and Lower marine black
unit, 90-120 meters thick in total; Denver Basin
and western flank of Front Range.

KP- Pierre Shale (Undivided - Upper Cretaceous).

KPL- Pierre Shale Lower unit (Upper Cretaceous).
Black marine shale, including the Sharon Springs

Member composed of carbonaceous shale and bentonite
beds; 450 meters thick.
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KPM- Pierre Shale, Middle unit (Upper Cretaceous)
Also known as Hygiene Interval, dominantly muddy
marine sandstone and sandy mudstone including the
Hygiene Sandstone Member at the base, and the
Roberts Sand of informal usage at the top; includes
zone of Baculites scotti at the base; 700 meters
thick.

KPU- Pierre Shale, Upper unit (Upper Cretaceous).
Dark-grey silty marine shale with minor carbonceous
shale; above zone of Baculites reesidei; 1,200
meters thick.

KLF- Laramie Formation and Fox Hills Sandstone
(Undivided- Upper Cretaceous).
Yellow-brown calcarous marine sandstone interbedded
with carbonaceous sandy shale in Denver Basin (Fox

Hills Sandstone) combined thickness of 115-300
meters. Yellow to gray-brown non-marine

carbonaceous shale and thick beds of claystone,
some thin beds of coal and crossbedded sandstone
in Denver Basins (Laramie Formation).

KF- Fox Hills Sandstone (Upper Cretaceous).
Yellow-brown calcareous marine sandstone
interbedded with carbanceous sandy shale Denver
Basin; 15-120 meters thick.

KL- Laramie Formation (Upper Cretaceous).
Yellow gray-brown nonmarine carbonacous shale and
thick beds of kaolinitic claystone; minor
crossbedded sandstone and thin beds of coal; Denver
Basin; 100-180 meters thick.

KMW- Windy Gap Volcanic Member (Upper Cretaceous).
Andesitic breccia and well-bedded volcanic
siltstone; Colorado River valley; less than 90
meters thick.

MESOZOIC - CENOZOIC

TKI- Intrusive Rocks (Lower Tertiary and Cretaceous).
Dominantly intermediate to felsic in composition
some syenite and monzonite; 40-70 m.y. old.
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TKD- Denver Formation (Tertiary-Paleocene and Upper
Cretaceous).
Yellowish-brown nonmarine sandstone with abundent
volcanic debris; Local conglomerate and cLaystone
southeastern Great Plains area;. 250-300 meters
thick.

TKDA- Denver and Arapahoe Formations, Combined (Tertiary-
Paleocene and Upper Cretaceous).

Nonmarine channel deposits consisting of
conglomerate, crossbedded sandstone, and minor

claystone; southeastern Great Plains area (Arapahoe
Formation) Yellow-brown nonmarine sandstone with
abundant volcanic debris, local conglomerate and
claystone, southeastern Great Plains (Denver
Formation) combined thickness of 240-420 meters.

CENOZOIC

TM- Middle Park Formation (Tertiary - Paleocene).
Variegated arkosic sandstone and conglomerate
with abundant volcanic debris; mudstone and
claystone in upper part, locally carbonaceous
and contians beds of impure coal; arbitrary line
to the north from Middle Park Formation to the
south in the Colorado River valley; as great as
1,800 meters thick.

TC- CoaLmont Formation (Tertiary - Eocene and
Paleocene).

Fluvial and alluvial conglomerate with abundant
volcanic ,debris, and sandstone; some carbonaceous

shale and coal in lower part; unconformably
overlain by White River and North Park Formations;
and unconformably overlies pre-Tertiary rocks;
North Park area; greater than 300 meters thick.

TMI- Intrusvie Rocks (Tertiary - Miocene to Eocene).
Dominantly intermediate to felsic in composition

20-40 m.y. old.

TAF- Ash-Flow Tuff (Tertiary - Oligocene).
Near Cameron Pass; about 28 m.y. old.
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TWR- White River Formation or Group (Tertiary -
OLigocene).
Variegated fluvial tuffaceous silstone and friable
to moderately well cemented sandstone; local
channel sandstone and conglomerate in drainage
channels of early Tertiary age; northern Great
Plains areas and upper Laramie River valley; less
than 180 meters thick.

TV - Volcanic Rocks (Tertiary - Miocene and Oligocene).
Primarily flows, breccias, and tuffs, dominantly
of intermediate composition, and volcanicastic
sediments.

TNP- North Park Formation (Tertiary - Miocene).
Continental tuffaceous sandstone, conglomerate
and shale, with minor bentonitic on White River
Formation in North Park; less than 250 meters
thick.

TT- Volcanic Rocks (Miocene and Oligocene).
Tertiary Primarily flows, breccias, and tuffs,
dominantly of intermediate composition, and
volcanicastic sediments.

TBR- Rhyolite Plugs and Flows of Bimodal Suite
(Tertiary - Miocene).
Near Granby; about 25 m.y. old.

TBB- Basalt Flows of Bimodal Suite (Tertiary -
Miocene).
Near Granby; abouth 25 m.y. old.

TO- Ogallala Formation (Tertiary-Pliocene and Miocene).
Uncemented to well-cemented stream-deposited
gravel, sand, silt, and minor clay; contians
caliche horizons; northern Great Plains area; less
than 60 meters thick.

TGV- High-Level Gravel Deposits (Tertiary - Pliocene and
Miocene).

Probably equivalent to Ogallala and Arikaree
Formations.

QDO- Older Glacial Drift (Quaternary - Pleistocene).
Deposits of pre-Bull Lake ages.

QD- Glacial Drift (Quaternary - Pleistocene).
Deposits of Pinedale and Bull Lake ages.
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QGO- Older Gravel and Alluvium (Quaternary -
Pleistocene).
Includes slocum, Verdos, and Rocky Flats
alluviums of pre-Bull Lake age.

QG- Gravel and Alluvium (Quaternary - Pleistocene).
Includes Broadway and Louviers Alluviums of
Pinedale and Bull Lake ages.

QE- Eolian Deposits (Quaternary - Holocene and
Pleistocene).
Holocene silt-sand dunes and Pleistocene leosses

QL- Landslide Deposits (Quaternary - Holocene and
Pleistocene).
Locally includes talus and rock glacier deposits.

QA- Alluvium (Quaternary - Holocene).
Piney Creek Alluvium and younger deposits.

* From Geological Survey Open file Report 78-532
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APPENDIX C

STATISTICAL TABLES AND PRINCIPAL COMPONENT
RESULTS

ROCK SPRINGS QUADRANGLE
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TH/K

DIST
DIST
DIST
DIST
)IST
DIST

37
4

22

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

,0589
,0103
,7464
,0065
,0969
,1345

+1

71,1059
9,8069

30,8642
,0491
,2177
,2066

+2 +3

241
38
71

,3411
,7897
,4536
,3275
,8219
,5671

0



ROCK UNIT KU

.3

DIST NORMAL
DIST NORMAL
DIST NORMAL
DIST NORMAL
DIST NORMAL
DIST NORMAL

18,9431
4,6771
16,1220

,0336
",0065

,2161

w2

33,4621
10,5848
20,2813

,1454
,2652
,3015

o1

47,9810
16,4924
24,4407

,2572
,5368
,3870

0

62,5000
22,4000
28,6000

,3690
,8085
.4724

+1

77,0190
28,3076
32,7593

,4808
1,0802
.5578

+1

+2

91.5379
342152
36,9187

,5926
1e3518

e6433

+3

106,0569
40,1229
41,0780

,7044
1 6235
,7287

mm~~ w w w~~o mmm mm.a. m .m wwm nwwwmm wwmm m m P wwwmrnm..wA+IRUP m p pmm mm m m m wmwmmwmp Awwwwww P mm m mmm mmm mm .wmm

ROCK UNIT

w3 w2

0

w1 0 +2 +3

76,0354
.61468

-16,9721
",0297
o,0113
90244

«3

110,7903
4m5021
8,6853

,0269
,1258
v1335

ROCK UNIT

"2

145,5451
15,1511
34,3426

,0834
42629

,2426

180,3000
2568000
60,0000

,1400
,4000
.3517

215,0549
36,4489
85,6574

,1966

,5371
,4608

+1

249,8097
47,0979

111,3147
,2531
,6742
.5699

OLS

al 0 +2

K40 DIST NORMAL 163,7544 179,8696 195,9848 212,1000 228,2152 244,3304 260,4456
B1214 DIST NORMAL 11,2125 16,5417 21.8708 27,2000 32,5292 37,8583 43,1875

TL208 DIST NORMAL 52,0394 60,4596 68,8798 77,3000 85,7202 94,1404 102,5606
U/K DIST NORMAL ,0669 ,0869 ,1069 ,1269 ,11469 ,1669 ,1869
U/TH DIST NORMAL 11826 ,2382 ,2939 03496 ,4053 .4610 ,5166
TH/K DIST NORMAL 12972 .3196 ,3419 .3643 .3867 04090 ,4314

.. w mm m m m p ...ww w wmmw~~ ww w ."Pwwmpmmpmm mmw mm wwpm mwwmmPP . pm.. p mm.. - m m.lww w .. ww w w w w w w... @ mm ... pmmmm mm

K40
BI214
TL208
U/K
U/TH
TH/K

w-

K40
81214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

284,
57,

136,
,

5646
7468
9721
3097
8113
6790

+3



ROCK UNIT TB

P2 Eli

104,2387
9,3238

36,9960
,0319
,1033
,2481

141
18
49

,7193
,6619
,4980

,0960
,2817
,2991

179,2000
28,0000
62,0000

,1600
,4600
,3501

216
37
74

,6807
,3381
.5020
.2240
,6383
,4011

254,1613
46,6762
87,0040

,2881
,8167
,4521

ROCK UNIT TBC

+1

201,6446
28.2621
61,0641

,1709
,5280
,3150

+2

278,2893
35,6241
71,6282

,2-109
,6446
.3950

+3

354,9339
42,9862
82,1923

,2509
,7613

,4750

ROCK UNIT TBP

-2 .1

"103,9083
12,7230

-27,5609
,0274
,0801
,2346

8
20
10

-47,6055
15,9572
.8,6506

,0504
,1369
.2866

,6972
,0135
,2597
,0925
,2340
.3385

65,
25,
29,

,

,

0000
1008
1700
1700
4000
3905

121,3028
31,4813
48,0803

.3123

,6838
,4425

177,6055
39,4838
66,9906

'5737
1,1689
,4944

Elmmmm lmmmmm m w w l mmmw u, -- m ~w mmmmwwinmm wmun. l~~~m w~lw - Eww~w lw E El wwm m m w--- - -mm - mlwwwgww m mm inwll

"3

K40
8I214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0

b6,7580
10143

24,4940
",0321
0,0750

,1971

+2 +3

C-)

4:-

291
56
99

M3

K40
BI214
TL208
U/K
U/TH
TH/K

,6420
,0143

,5060
,3521
,9950
,5031

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0104,
mEl,
18,

S

g

El,

0

9339
1862
8077
0109
0615
0050

-28,
6,

29,
,

,

48
13
39

2893
1759
3718
0509
1782
0750

,3554
,5379
,9359

,0909
,2948
.1550

125,
20,
50,

,

,

,

0000
9000
5000
1309
4114
2350

w3

K40
B1214
TL208
U/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
LOG

NORMAL
LOG
LOG

NORMAL

0 +1 +2 +3

233,
49,

85,
1,
1,

9083
5204
9009
0540
9982
5464

-1



ROCK UNIT TFU

102,9345
13,5016
41,3003

.0763

.2488
,2638

138
19
50

.1

,0172
,6008
,2501
,1137
,3426
,3051

0

173,1000
25,7000
59,2000

.1511
,14364
,3463

+1

208.1828
31,7992
68,1499

,1885
.5302
,3875

+2

243,2655
37,8984
77,0997

.2259
,6240
,4288

w mmmin w mm w yww . m w mw w"r w wm w m m m w w im w m on q w w mR C UNmT mG R v w m w m mm

ROCK UNIT TGR

-1 0 +1

146,2514
19, 7387
51,2090

,1094

,2855
,2822

183,7000
27,6000
65,6000

,1500
,4200
,3500

221,1486
35,4613
79,9910

,2056
,5545
.4178

258,5973
43,3226
94,3819

,2818
,6891
,4856

296,0459
51, 1839
108, 7729

,3863
,8236
,5535

on w mNm m mm mu. .u mm m w w m m m m mw m m m m m - mm -mm m m m mm m m mm m/mm mmm m wmww m m m w m m m w, m m W m m m m - m m m w m mmmwmw-am om m m - - w m -

ROCK UNIT

"3

146,8775
18,3052
44,14528

,1000
,2761
,2646

180,
27,
63,

,

,.

0000
0000
0000
1500
4200
3500

213,1225
35,6948
81,5472

,2000
,5639
14354

246,2450
44,3897

100,0945
,2500
,7077
,5209

279, 3675
53,0845

118,6417
,3000
,8516
, 6063

"3

K40
6I214
TL208
U/K
U/TH
TH/K

DIST
DI ST
DIST
DIST
DI ST
DIST

67,
7,

32,
w

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

8517
4025
3504
0389
1550
2226

+3

278,
43,
86,

,

,

,

"3

K40
61214
TL208
U/K
U/TH
TH/K

3483
9975
0496
2633
7178
4700

DIST
DIST
DIST
DIST
DIST
DIST

71
4

22

NORMAL
NORMAL
NORMAL
LOG

NORMAL
NORMAL

108
11
36

,3541
,0161
,4271
,0583
,0164
,1465

,8027
,8774
,8181
,0798
,1509
,2144

+3

K40
B1214
TL208
U/K
U/TH
TH/K

TW

"1

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

113
9

25

0

80,6325
,9155

7,3583
,0000
,0116
,0937

+1

,7550
,6103
,9055
,0500
,1323
,1791

+2



-3

123,4755
w4,5550
35,6819

,0373
-,0770

.1757

ROCK UNIT

150,7170
6,6967

47,2879
90251

,0953
.2305

TWK

.1

177,9585
17,9483
58,8940

,0876
,2677
,2852

205
29
70

2000
2000
5000
1500
4400
3400

+1

232,4415
40,4517
82,1060

,?.124
,6123
,3948

259,6830
51,7033
93,7121

,2749
,7847
'4495

286,9245
62,9550

105,3181
,3373
.9570
,5043

ww - w- m wwg lwmg l w~ wwmwwww l*w-rw wwp--www wwrw wwws www www m ---------- - - w - -... - -

K40
B1214
TL208
U/K
U/TH
TH/K

DIST
DIST
GIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

I

U

+S.



ROCK SPRINGS

NO. SAMPLES

1508

1113

1602

1143

EIGENVALUES

1)
2)
3)

1)
2)
3)

1)
2)

3)

1)
2)

3)

1)

2)
3)

1)
2)

3)

1)
2)
3)

521

518

1463

1.441
1.013
.546

1.806

.835

.341

1.538
.891
.571

1.978
.804
.218

2.380
.488
.132

1.732

.847

.421

1.608

.833

.559

% TOTAL VARIANCE

48.0
33.8
18.2

60.2
28.4
11.4

51.3
29.7
19.0

65.9
26.8
7.3

79.3
16.3
4.4

57.7
28.2
14.1

53.6
27.8
18.6

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.716

.444

.855

.803

.596

.897

.815

.524

.774

.875

.596

.926

.891

.823

.954

.856

.552

.833

.658
.707
.822

-. 542

.848

.014

-. 475
.786

-.097

-. 182
.845

-. 381

-. 372

.799
-. 163

.403
-. 560

.107

-.220
.832

-.325

-. 694

.591

.047

.439

.289
-. 518

-.359
-. 164

.430

.551
-. 109
-.505

-. 310
-. 074

.341

.210

.098

-. 280

-. 468
.051
.447

-.292
-. 388
.568

UNIT

KAL

KBA

C)

KBL

KE

KF1

KL

KR



ROCK SPRINGS

NO. SAMPLES

51

13428

27

10636

EIGENVALUES

1)

2)
3)

1)
2)
3)

1)
2)

3)

1)

2)

3)

1)

2)

3)

1)
2)

3)

1)

2)

3)

853

308

3031

1.517
1.211

.273

2.089
.701
.210

2.595
.301
.104

1.928
.851
.221

2.393
.341
.266

2.235
.719
.046

2.011
.687
.302

% TOTAL VARIANCE

50.6
40.4
9.1

69.6
23.4
7.0

86.5
10.0
3.5

64.3
28.3
7.4

79.8
11.4

8.8

74.5
24.0
1.5

67.0
22.9
10.1

VARIABLE PRINCIPAL COMPONENT
1 2 3-

.908

.815

.169

.700

.857

.929

.964

.927

.899

.901

.521

.919

.908

.880
.891

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

.955
-. 644
.954

.839

.708
.898

-.258
.485

-. 953

.706

-.429
-. 136

-. 082

-. 331
.429

-.286
.853

-.203

-. 091
.454

-. 356

.256

.765

.260

-.423
.696
-154

.331
-. 317
-. 251

.107

.285
-. 343

.254
-. 178
-. 089

-.327
-.029
.337

.410
-. 138
-. 281

.152

.001
-. 151

.843

.117
-. 413

UNIT

KU

Q

C7)

00 QLS

TB

TBC

TBP

TFU



ROCK SPRINGS

NO. SAMPLES

13600

10184

EIGENVALUES

1)

2)
3)

1)

2)
3)

1)

2)

3)

5560

1.906
.776
.318

1.932
.740
.327

1.477
1.026
.498

% TOTAL VARIANCE

63.5
25.9
10.6

64.4
24.7
10.9

49.2
34.2
16.6

VARIABLE

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.824 -.444

.649 .749

.898 -. 134

.687

.812

.895

.821

.221

.868

.709

-. 474
-. 114

.328

-.956
-.068

-. 352
-. 134
.420

-. 159
-.341

.431

-.467
-. 195

.491

UNIT

TGR

TW

C7

TWK





APPENDIX D

STATISTICAL TABLES AND PRINCIPAL COMPONENT
RESULTS

RAWLINS QUADRANGLE





0ADD,P RA WLIN,DISTF ILE
ROCK UNIT

"'3

K40 DIST LOG 120,8844 133,3961 147.2028 162

61214 DIST LOG 8,0969 11,6665 16,8048 24
TL208 DIST LOG 33,5305 38,8654 45,0490 52
U/K DIST LOG ,0526 ,0744 ,1053
U/TH DIST LOG ,2011 ,2657 ,3511
TH/K DIST NORMAL .2281 ,2598 ,2914

"rwwwrwwwwwwwwwnwwwawa wwawmrrwwwwwwwm m .. mmmmmwmmmwmwwwwwU

.4386 1t9o2513 197,8041 2
,2205 34,8984 50,2836
,2166 60,5245 70,1543
,1491 ,2111 ,2988

,4638 ,6129 ,8097
,3230 .3546 ,3862

rwwwwww wwrwww smm wwrwmmwwm

ROCK UNIT KCV

-3 w2 -1 0 +1

K40 DIST NORMAL. 51,1823 -14,1215 22,9392 60,0000 97,0608 134,1215 171.1823

F1214 DIST NORMAL 2,57?6 10,7150 18,8575 27,0000 35,1425 43,2850 51,4274

TL208 DIST LOG 5804156 77,0141 101,5341 133,8607 176,4796 232,6676 306,7449

U/K DIST NORMAL -,0124 ,0670 ,1463 ,2257 .3051 ,3844 ,4638

U/TH DIST NORMAL ,1070 ,2452 ,3834 ,5216 .6598 ,7980 ,9362

TH/K DIST NORMAL ,0950 ,2068 ,3186 ,4304 .5422 ,6540 .7658
wrw"mm m m w w m m mmm m wm ww w n w w wwww rm wwwwww wwwww ww wwm www ww " w wwwwr mww

RUCK UNIT

-3 -2

KF

-1 0 +1 f2 +3

K40 DIST NORMAL 51,9294 83,0196 114,1098 145,2000 116.2902 207,3804 238,4706

81214 GIST NORMAL 4,0882 12,0255 19,9627 27,9000 35,8373 43,7745 51,7118
TL208 DIST NORMAL 20,8673 35,3449 49,8224 64,3000 78,7776 93,2551 107.7327
U/K DIST NORMAL ,0589 ,1037 ,1484 ,1931 ,2378 ,2825 ,3273

LU/TH DIST NORMAL ,1561 ,2494 ,34?6 ,4359 ,5292 ,6224 ,7151

TH/K DIST NORMAL ,1913 ,2774 ,3634 ,4494 .5354 ,6214 ,7075
mm mmmmmmmwwwMmin'.mwwmmmmwm wmwinwm mmmmmwnmmmmmmow.mm'.o mmmmwmmmm'wminmw mmm mmmmmmmm mww"mm

JS

-1 0 +1 +2 +3

18,2772
72,4516
81,3161

,4229
1,0698
.4179

+3I



ROCK UNIT KLE

0

116,8081
12,5231
40,6027

,07214
.2195
,2287

141
19
48

R85140
.0115
.8513

,1137
S33114
921387

166,9000
25,5000
57.300 0

,1549
.4493

,3487

191
31
65

+1 +2

,9460

.9885

.6487
*1961
,5642
.4087

216.9919
38,4769
73.9973

,2374
,6791
,4687

+3

242,0379
44,9654

8?,3460
.2786
.7940

,5287

ROCK UNIT KNV

w3 -2 -1 +2 +30

N- K40 DIST NORMAL 62,6136 88,8757 115.1379 14194000 16.6621 193,1243 220,1864

pI214 DIST NORMAL 7,1346 13,6231 20.1115 26,6000 33.0885 39,5769 46,0654

TL208 UIST NORMAL 26,2185 35,1124 44,006? 52,9000 61,7938 70.6876 79.5815

U/K DIST NORMAL ,0220 .0794 ,1369 ,1943 .2517 ,3092 .3666

U/TH DIST NORMAL .0960 .2350 9,3739 ,5128 ,6517 .7906 ,9296
TH/K DIST NORMAL ,1680 .2394 ,3108 ,3822 .4536 ,5250 ,5964

+wwwwwwwwwwwrwwrww-----------------------------------------------------------------------wwwww

ROCK UNIT PCG
-2 -1

"68,3513
«5,8536
13,9658

,0269
-,1045

,1274

-5,5675
5,0642

19,14641
*0669
,1227
,1632

57
15
27

,?162

,9821
,1272
.101)9
,3498
,2o00

120,
26,
37,

0000
9000
8072
1469
5170
267/

182
37
52

97838
,8179
,6920
.1869

,8042
.3429

245.5675
48,7358
73,4370

.2269
1,0313
,4393

308.3513
59,6536
102.3493

,2669
1,2585
,5627

*3

K40
H1214
TL208
U/K
U/TH
TH/K

DI
DI
DI
DI
I) I
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORNIA .
NORMAL

ORMHAL
NORMAL

91,7621
6,0346

3?,2540
,0312
,10U4!
,1687

-3

K40
8T214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

N(1RMAL
NORMAL
LOG
NORMAL
NORMAL
LOG

0 +1 +2 +3

-w

v

i

.. wwwwwwwwwwwwwrwwwwwwwwwwwwrwww .wwwwwww+mwrrww ww- rw wwwwwwwwwwwwwwwwwwwwwwwww wwwwwwwrwwwwwwwgMww



ROCK UNIT PC(GN

-3

7.3217
-1,3262

-55,7569
,03145

,0235

"2

55,0145
4,9826

-35,9604
,0516
,1639
,1084

-1

102,7072
11,2913

-16.16,40
,0770
,2662
.1932

150
17
3

0 +1

,14000
,6000
,6325
.1151
,4323
,?781

196,0928
23,9087
23,4290

,1720

,7021
,3630

+2

245,7855
30,2174
43,2254

,2569
1,1403
,4478

+3

293,4783
36,5262
6390219

93839

1,8519

,5327

ROCK UNIT PCGR

-1

-126,4601
5,11 1
7,7788

.01463
,1573

.1035

-3

25,2714
4,0624

6,6064
,0358
,1493
,1117

-42,6401
8,3774
14,3163

,0634
,2255

,1401

ROCK UNIT

-2

39,5849
6,0951

10,3631
,0564
,2276
,1485

41
13
26

,1800
,7525
,3482
. 0869
.3233
,18%05

125,0000
22,5763
41,4921

,1189
,4633
,2565

208,8200
37,0616
89,2463

,1629
,6641
,3470

292.6401

60,8409
164,2517

,2230
,9519
,4695

376,4601
99,8775

302,2940
,3054

1,3644
,6352

PCI

-1

62,0056
9,14118

16,2563
,0888
,3470
,1975

0

97,1251
13,7206
25,5005

,1398
,5290
,2626

152
20
40

+1 +2

,1362
,5860
,0017
,2201
,8065
,3491

238,3052
30,8865
62,7491

.3466
1.2295

,4642

+3

373,2798
46,3410
98,4321

,5458
1,8744
,6173

- - - - - -0If M- - - - - - - - --oo -- - - - - - - - - - - - - - - - - - - - - - - - -----llON Me" M"G ---O -- - - - - - - - - -low

K40
8T1 14
TL.2 F1
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

1 .) RMAL
NORMAL.
N(IRMAL

LOG
LOG

NORMAL

-3

K40
MI214
TL208
U/K
U/TH
TH/K

D
D
D
D
D

)

IST
1ST
IST
IST
1ST
IST

NORMAL
LOG
LOG
L PG
L G
L)G

0 +1 +2 +3

K40
BI114
TL208
U3/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

LOG
LAG
LOG
LOG
LOG
LOG

0

i
LA



ROCK UNIT PC1

-3

K40 DIST NORMAL
81214 DIST NORMAL
TL208 DIST NORMAL
U/K DIST NORMAL
U/TH DIST NORMAL
TH/K DIST NORMAL

9,5594
-1 ,T,65

'4. 158
-,0132
-,0643
,0739

-2

38,3396
3,8556
13,5639

,0424
,1118
,1666

67,1198

9.2778

22,9819
,0981
,2878
,2594

0

95,90!0
1497000
32,4000

,1538
,4639

,3521

+1

124,6802
20,1222
41,8181

.2095
,6400
,4448

153, 4604
25,5444
51,2361

,2652
,8160
,5376

------------------------------------------------------------------------------....................................................................

03

ROCK UNII PCOD

-2 -1 0 +1 +2

46,7056
3,7622

-16,8280
-0, (00
-,2494
,1088

93

15
7

66, 1931
9,"415

-4,5520
,0200
,0470

, 1475

.8116

.3207
,7240
.0800
.3435
,1863

132
21
20

,9536
,1000
, 0000
,1400

,6400
,2?50

188,4272
26.8793
32.2760

,2000
.9365
,2637

267,0468
32,6585
44,5520

,2600
1,2330
,3025

ROCK UNIT PCOM

-3 -1 0 +1 +2

144,0000
21,0000
41,3139

,1?23
,4907
.2558

194,2285
29,8544
57,1423

,1623
, 6440
.3150

244,4570
38,7088
79,0350

,2023
,7973
,3741

294,6854
47,5631
109,3153

,2423
.9506
94333

18?
30
60

+3

,2406

,9665
,6542
,3208
,9921
,6303

K40

12 114
TL208
U/K
U/TM
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

LG 
NORMAL
N r RMAL
NORMAL
NORMAL
NORMAL

378.
38,
56,

19
9

K40
BT214
TL.208
U/K
U/TH
TH/K

4696

4378
8280
3200
5294
3412

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
LOG

NORMAL
NORMAL
NORMAL

w6,6854

-5,5631
15,6139

,0023
,0308
,0783

43,5430
3,2912

21,5960
,0423
,1841
.1375

9 3,7715
12,1456
29,8700

,0823
,3374
, 1966

+3

wl
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ROCK UNIT PCSCH

02 -1 0 +1 +2 +3

K40 DIST NURMAL -29,8052 10,7966 51,3983 92.0000 132,6017 173,2034 213.8052
B1214 DIST NORMAL -4,1494 2,3004 8,7502 15.2000 21,6498 28,0996 34.5494

TL208 DIST NORMAL. -4.1615 7,1257 18,4128 29,7000 40,9812 52,2743 6:55615
U/K DIST LOG ,0419 ,0629 ,0944 ,1418 ,2130 ,3199 ,4805

U/TH DIST NORMAL -,0467 ,1436 ,3338 ,5241 ,7144 ,9046 1,0949

TH/K DIST NORMAL .0488 .1342 ,2197 ,3051 ,3905 .4760 .5614
mmmwwn"W m mm mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

-3

58,557E
,33,3366
-56,1735

-, 0999
-,3655
-,0569

ROCK UNIT

-2

97,6052
-13,2244
-18,7824

",0088
",0970
,0787

0

0

136,6526
6,8878
18,6088

.0784

,1719
.2144

175,7000
27,0000
56.0000

,1656
,4400
,3500

+1

214, 7474
47,1122
93,3912

.2528

.7085
,4856

253,7948
67,2244
130,7824

,3400

,9770
.6213

292,8422
87,3366
168,1735

.4271
1.2455
,7569

ROCK UNIT UAL

-2 -1

-22,9368
-11,21490

,0989

,0466
-,1407
,1553

29,8088
-,8327
13,3992

,0710
20795
91981

82,5544
9.5837
2606996

,1083
,29(8

,2526

135,3000
20,0000
40,0000

,1650
,5200
,3222

188,0456
30,4163
53,3004

,2514
,7402
.4109

240,7912
40.8327
66,6008

.3832
,9605
.5241

293,5368
51,2490
79,9011

.5839
101807
.6685

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmww~ww www wwn wwwm mmwmmmmmmmmwwwmmmmmmmmmmmwwwmmw.mgmmm S

'ZY

4
8

K40

B121
TL20
U/K
U/TH
TH/K

DIST
DIST
D01T
DIST
DIST
DIST

NlR)M AL
NORMAL
NORMAL
NORMAL
NI)RMAL
NORMAL

-3

K40
81214
TL208
U/K

U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
L G 

NORMAL

L(G

0 +1 +2 +3



ROCK UNIT 06G

-3 -2 -1 0 +1 +2 +3

K40 DIST LnG 43.7777 56,4685 72,8383 93.9535 121,1899 156,3218 201.6383
B1214 DIST LOG 4,6910 6,7396 9,6828 13,9113 19,9664 28,7146 41,2545
TL208 DIST LOG 11.3476 15.3381 20,7318 28,0223 37,8765 51,1960 69.1993
U/K DIST NORMAL .0057 ,0551 ,1057 ,1557 ,2057 ,2557 .3057

U/TH 0IST LOG ,1575 ,2309 ,3385 ,4962 ,7275 1.0664 1.5633
TH/K DIST NORMAL ,0941 ,1648 ,2355 ,3062 ,3769 ,4476 ,5183

ROCK UNIT OLS

-3 -2 -1 0 +1 +2 +3

K40 DIST NORMAL 18,7265 44,2510 69,7755 95,3000 120,8245 146,3490 171,8735
61214 DIST LOtG 5,6233 7,9638 11.2786 15,9730 22.6214 32.0369 45,3714
TL208 DIST NORMAL 9,5203 17,2468 24,9734 32.7000 40.4266 48,1532 55.8797

U/K DIST LOG .0678 .0926 ,1266 ,1729 .2362 ,3228 ,4410
U/TH DIST LOG .1961 .2683 ,3671 ,5022 ,6872 ,9402 1,2864
TH/K DIST NORMAL ,1588 ,2258 .2929 93600 .4271 ,4942 ,5612

ROCK UNIT QMC

-3 -2 -1 0 +1 +2 +3

K40 DIST LOG 50,1284 67,3830 90,5766 121,7537 163.6621 219,9957 295,7197

[I214 DIST NORMAL .3300 5,3200 10,3100 15.3000 20,2900 25,2800 30,2700
TL208 DIST NORMAL 16,4292 23,6195 30,8097 38,0000 45,1903 52,3805 59,95708
U/K DIST NORMAL ,0109 ,0483 ,0857 ,1231 ,1605 .1979 ,2353

U/TH DIST LOG ,1434 ,2003 ,2800 .39)3 ,5468 ,7641 1,0678

TH/K DIST NORMAL ,1303 ,1935 ,2568 ,3200 .3832 ,4465 ,5097
mmmmmmmmmmmmmmmmmmmmmmmmmmmmwmmmmmmmmmmmmmmmmmmmmwmwmmmmmmmmmmmmmmmmmmmmmmmmm s w w w w sow rw ww wr ww ww ww" ow w wmmwmmwmmmmmw w



ROCK UNIT OT

"3

K40 DIST NORMAL
B1214 DIST NORMAL
TL208 DIST N(JRMAL
U/K DIST NORMAL
U/TH DIST NORMAL

TH/K DIST NORMAL

-29,2118
4,?593

18,1404
-,0003

.0370
,1157

"2

12,5255
7,9062

23,3270
,0507
,164-1

,1938

*1

96
15
33

(4,26?7
11,5531
28,5135

,1017
,2923
,2719

0 +1

00 0

,2000
,7000
,1527

,4200
,3500

137,7373
18,8469
38.8865

,2037
,5477
.4281

+2

179,4745
22,4938
44,0730

,2547
.6753
45062

221 ?118
26,1407
49,2596

,3057
.8030
,5843

ROCK UNIT QTU

-1

138,0351
21,7944
39,6100

.2085
,7664
,3710

192,1768
32,0823
55,8051

,2912
1,11.62

,4853

267,5546
47,2266
78,6217

,4068
1,6258

.6350

ROCK UNIT TBP

-3 -2 -1 0 +1 +3

117,2853
9.9989

31,3491
,0612
,2048
,1987

144,2426

17,1549
41,97x6

,1032
,31419
,2544

171,
29,
52,

,
9
,

2000
4325
6000
1741
5707
3101

198
50
63

,1574
,4970
,2254
,2938
,9527
,3658

225,1147
86,6372
73,8509

,4956
1,5904
,4215

25?,0721
148,6425
8444763

.8361
2,6550

,4771

LOG
LOG
LG 

LOG
LOG
L (;

-3

K40
[. 1214
TL208
IJ/K
U/TH
TM/K

U

U

I)
0

I
I
I
I
I
I

ST
ST
ST
ST
ST
ST

36
4

10

0

,7404
,6415
,0538
,0548
91703

,1266

71
10
19

51,1511
6.8325
14,1644

90765

,2480

91657

+2

,2142
,0578
95 ,7

,1068
,3613
,2168

+3

99,1466
14,8055
28,1149

,1492
,5262
,2836

K40
B1214
TL208
U/K
U/TH
TH/K

D IST
DIST
DIST
MIST
DIST
DIST

N() RMAL

LOG
NORMAL

LOG
LOG

NORMAL

90,3279
5,8279

20,7237
,0363
,1227
,1431
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ROCK UNIT T6S

"3 -2

K40 DIST NHRMAL 152,3250 185.5500
B1214 DIST LOG 16,7769 22.6653
TL208 DIST NORMAL 13,0415 54,2277
U/K DIST LOG ,0673 ,0913
U/TH 0IST LOG ,1694 ,205
TH/K DIST LOG 02408 ,3135

-p'

218.7750
30.6204
95, 138

,1239
,2567

,4083

0

25 , 2,0000
41,3677

136.6000
81680

.3160
,5316

+1

285.2250
55.8810

1 17,7862
,2279
.3890
,6923

318
75

218

+2 +3

.4500

.5024

.9723
,3092
,4789

,9014

351,6750
102,0024
260,1585

.4194

,5896
1,1738

- - - - - -"- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------------------------------------------- UwMwwwwr wwrw wwwwr wwwww ww-

ROCK UNIT TD

-00 0 +1 +2 +3

121 .2985
8,2748

26,5621
0469
,0757
,1398

133,7324
1039972
34,8747

,0646
',1825
.2022

146.1662
14,6153
43,1874

,0891
,28Q2
.2647

158,6000
19.4238
51.5000

.1228
,3960
,3271

111
25
59

,0338
.8143
,8126

,1693
.5028
93895

183,4676
34,3073
68,1253

.2334
,6095
.4520

ROCK UNIT TFU

0

165,
25,
56,

,

0

.

1000
5000
0000
1500
4501
3400

188
32
70

+1

.6966

.2823
,4291

,1947
,5688
.4071

+2

212,
39,
84.

,
,

2932
0647
8583
2394
6876
4742

235,8898
45.8470
99,2874

,2842
,8063
,5412

00

K40
8T214
TL20 8
U/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
LOG
NORMAL

LOG
NORMAL
NORMAL,

-3

195,
45.
76.

.
,

.

K40
L;1214
TL208
U/K
U/TH
TH/K

-2

9015
5945
4379

3217
7163
5144

DIST
DIST
DIST
DIST
I) 1 )T
DIST

-1

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

94,
59,

12.
,

,

,

3102
1530
7126
0158
0939

1388

117,
11,
27,

R
.

141
18
41

9068
9353
1417
0606
2126
2058

,5034
,7177
,5709

,1053
,3314
,2729



ROCK UNIT TGL

-1

119,9500
19.3834
38,2208

,1264
,3272
,3219

0

156
25
56

+1

,0000
,0807
,0000
,1616
,4262
,4000

192,0500
32,4526
73,7792

.2064

.5552
,4781

228,0999
41,9914
91,5584

,2638
,7232
,5562

ROCK UNIT TGM

-2

117,1689
13,6487
43,3737

,0920
,2605
,2684

-1

150,581414
21,02414
52,8869

,1251
,3579
,3097

0

184,0000
28,14000
62,4000

,1583
45514

,3509

+1

217,4156
35,7756
71,9131

,1915
,5529
,3921

+2

250,8311
43,1513
81,4263

,2246
.6503
,4334

+3

284,246'1
50,5269
90,9394

,2578
.7478
4746

ROCK UNIT TGT

W2 -1 0 +1 +3

126,6851
14,2359
36,8707

,0686
,2090
,2096

152,0426
19,5180
50,4393

,1060

,3 314
,2870

177,4000
24,8000
64,0000

,11434
,3977
,3645

202,7574
30,0820
77.5647

,1808
.4920
,4420

228,1149
35,3641
91,1293

,2182
.5864
05194

253.4723
40,6461
1046940

,2556
,6807
,5969

w3

K40
81214
TL208
U/K
U/TH
TH/K

D
D
I)
D
DU

TST
IST
1ST
1ST
IST
IsTr

NORMAL
L G )

NORMAL
LOG
LOG

NORMAL

47,8501
11,5774
2,6624
,0774
, 1928
,1657

-2

83,9001
14,9803
20,4416

,0989
,2512
,2438

+3

'0

-3

264.
54.

109,

R

K40
H12 14
TL208
U/K
U/TH
TH/K

1499
3338
3376
3371
9421
6343

C)

D

D
D

C)

IST
ST

I ST
IST
IST
IST

NORMAL
NORMAL

NORMAL
NORMAL
NORMAL
NORMAL

83,7533
6,2731

33,8606
,0588
, 1630
,2272

K40
81214
TL208
U/K
U/TH
TH/K

DIST

I)IST
1)xST
DIST
01ST
D1ST

101
8

23

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
N ORAL

,3277
,9539
,3060
.0312
,1147
,1321
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ROCK UNIT TH

-2 -1

K40 DIST NORMAL 103,5172 1?6,3448 1
13214 DIST L.OG 8,61486 12,7097
TL208 DIST NORMAL 13,6089 34,0393
U/K D1ST NORMAL -. 0132 .0468

U/TH DIST NORMAL ,1224 ,2118

TH/K DIST NORMAL, ,1429 ,2362

ROCK UNIT

-3

49.1724 172.0000 194,8276 217,6552 240,4828
1K,6777 27,4482 40,3369 59.2778 87,1127
54,4696 74.9000 95.3304 115,7601 136.1911

,1068 ,1668 .2268 .2868 .3468

,3013 ,3907 .4801 ,5696 ,6590
.32Q4 , 4227 ,5160 ,6092 .1025

TI

-1 0 +1 +2 +3

K40 DIST NORMAL 145,6424 158,6616 171,6808 184,7000 197,7192 210,7384 223,7577

C t31214 01ST NORMAL 3,6005 6,6337 9,6668 12,7000 15,7332 18,1665 21,7995

TL208 DIST NORMAL 26,8430 31,0620 35.2810 39,5000 43,7190 47,9380 52,1570

U/K DIST NORMAL ,0170 ,0344 .0517 ,0690 ,0863 .1036 ,1210

U/TH DTST NORMAL ,0583 ,1471 .2360 .3249 ,4138 .5027 ,5915

TH/K LIST NORMAL ,1472 ,1696 ,1919 ,2143 .2367 ,.2590 ,2814

ROCK UNIT TKF

-3 "2 -1 0 +1 +2 +3

K40 DIST NORMAL 118.1019 134,3346 150,5673 166,8000 183,0327 199,2654 215,4980

81214 DIST NORMAL 2,0103 9,4735 16,9368 24,4000 31,8632 39,3265 46,7897

TL208 DIST NORMAL 32.0908 41,8939 51,6969 61,5000 71,3031 81,1061 90,9092

U/K DIST NORMAL ,0098 ,0556 .1015 ,1473 ,1931 ,2390 02848

U/TH DIST NORMAL ,1179 .2101 ,30x3 ,3945 ,4867 ,5789 ,6711

TH/K D.1S1 NORMAL ,1930 ,2522 ,3113 ,3705 ,4297 .4888 ,5480
---------------------------- ""------------------"----------------------rwww 
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RUCK UNIT TKHF

-3

K40 GIST LOG
F3I214 DIST LOG
TL208 DIST LOG
U/K [DIST L.OG
U/TH DIST LOG
TH/K 0IST NORMAL

51,9616
4.9922

13.6A99
,0455
,1475
,1138

-2

65,8208
7,216E

17,9066
,0666
.2205

11746

-ml

83.3766
10,4321
23,4222

,0976
,3296
.2355

0

105,6150
15,0805
30,63b b

,1428

94927
92963

+1

133,7847
21,8000
40,0735

,2090
97365
93511

+2

169,4679
31.5137
52,4169

,3060
1,1010

,4180

+3

214.6686
45.5555
68,5623

,4479
1,6457

,4788

ROCK UNIT TNP

w3 0 +1 +2 +3

K40 DIST NORMAL 72,0461 107,9641 143.8820 179,8000 215,7180 251,6359 287,5539

81214 DIST NORMAL 4,4558 8,0294 16,5147 25,0000 33,4853 41,9706 50,4558
TL208 DIST NORMAL 13,2047 26,0031 38,8016 51,6000 64.3984 77.1969 89,9953
U/K DIST LOG ,0502 .0697 ,0961 ,1342 ,1863 ,2587 ,3591
U/TH DIST LOG 41393 ,1955 ,2744 .3850 ,5403 ,7582 1,0639
TH/K DIST NORMAL ,1125 ,1717 ,2308 ,2900 ,3492 .4083 ,4675

wwwwwrwwmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmw

ROCK UNIT rRC

-? -1

118,6320
11,8889
29,6043

90717
,2662
,1731

135,088 )
16,2593
35,7362

,0962
,311437
,2131

151,5440
20,6296
41,8681

91207
,4211
,2531

168,0000
2540000
48,0000

,1452
,4986
,2931

184,4560
29,3704
54,1319

,1697
,5761
,3331

200,9120
33,7407
60,2638

,1942
,6535
,3131

217,3680
38,1111
66,3957

,?187
.7310
,4131

-3

4
8

K40

8121
TL20
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
I)IST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0 +1 +2 +3



ROCK UNIT TWC

-1

150.3941.
23,0451
50,4199

,1228
.3302
,3140

1188
30
72

0

.0000
,9000
.0000
,1615

,4114
.3875

+1

225.6059
38,7549
93,5801

.2002
,5126
,4610

+2

263,21 11
46,6099

115.1602
.2390
,6388

,5345

+3

300.8176
54.4648
136,7402

.2717

.7960

.6080

ROCK UNIT TWDR

-2 -1

133,9456
10,9509

26,9237
,0524
,?475
,1124

154,3637
15,0006
32,6158

.0748

.3174
,1511

174,1819
19,0503
38,3079

,0971
.4071
.1899

195,2000
23,1000
44,0000

,1195
.5221
,2286

215,6181
27,11497
49,6921

,11419
.6696

,2673

236,0363
31.1994
55,3842

,1642
,8581
,3061

256,4544
35.2491
61.0763

,1866
1,1013
,3448

ROCK UNIT TWK

-2 -1

18. o8579
27,8935
60,8029

,1062
43842

.21420

195,5386
30.1957
65. Q020

,1?3b

,4087
.2766

208,2113
32,4978
71.0010

,11409
,4332
,311.3

?20,9000
34.8000
76.1000

.1582
,4577
,3459

233,5807
37,1022
81,1990

,1155
,4822
.3805

246,2614
39,4043
86.2980

91928
,5067
.4152

K40
BI2?14
TL20E
U/K
U/TH
TH/K

D
D

D

D
D

0

I
I
I
I
I
I

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL

LOG
FORMAL

112
15
28

75,1824
7,3352
7,2598

,0453

,2126
,1670

,7883
.1901
,8398
.0840
,2650
,2405

Ri

-3

K40
B1214
TL,208
U/K
U/TH
TH/K

D
D
D
D
0
U

I
I
I
I
I
I

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
LOG
NORMAL

0 +1 +2 +3

K40
f3I?14
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NOR MAL
N(1RMAL
NORMAL
N() RMAL
NORMAL
NORMAL

0 +1 +2 +3

258,
41,
91.

,
,

.

9421
7065
3971
2102
5312
4498

w3

Iwwwwwww"rwwwwwwwwwwwwwwwwwwwwwwwwwww"40wwwwwwwwwww" 
wwwwwwww"nwwwwuwwwwwwwwwwwwwwwww wwwwwww www"



ROCK UNIT TWR

-2

124,5019
12,1534
19,539?

,0234
921,78
10900

-1

158,2509
13,6267
28,7696

,0517
,3089
,1500

0

192,0000
15,5000
38,0000

110800
94000
.2100

+1

225,7491
17,1733
47,2304

.1083
*4911
,2700

+2

259,4981
18,8466
56, 4608

,1366
,5822
,3300

+3

293,2472
20,5200
65,6912

,1649
,6733
,3900

-- - - -uww a.wmwww mww" wmmm wnwmmmm wni winin mm wwnmmwwwwwwwwwwnwwmmmwinm wmm m m m m m m m m m m m m m m m m mw mmml

-3

110.0571
-4,5469

-20.6725
,0253
.1363
,0338

ROCK UNIT

w2

134.1714
6,3021
9,5517

,0722
.2263
111525

ROCK IJNIT

-3

TW

-1

158,
17,
39,

191

R
,1

0

2857
1510
7758
1191
3163
2713

182
28
70

KL

-11

+1

,4000
,0000
,0000
,1660
,4063
, 3900

0

206,5143
38,8490
100,2242

.2129
,4963
,5087

+1

+2

230,6286
49,6979
130 ,4483

.2598
,5863
,6275

+2

+3

254,7429
60,5469
160,6725

,3067
,6763
,7462

+3

106,0316
8,8972

33,9304
,0u34
,1208
,1992

124
14
41

,4544

,1981
.3869
.0808
.294
.2502

14?,8772
19,4991
488435

,1182
,3381
,3012

161
24
56

3000
8000
3000
1556
4467
3522

179
30
63

.7228
,1009
,7565
,1930

,5553
,4032

198,1456
35,4019
71,2131

,2304
.6640
,4542

216,5684
40,7028
78,6696

,2678
.7726
,5052

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

K40
FI214
TL 20b
U /K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

90
10
10

NORMAL
N0R" MAL
NORMAL
NORMAL
NORMAL
NORMAL

,75?8

,4800
.30 86
,0049
,1267
,0300

w
K40
BI214
TL 208
U/K
U/TH
TH/K

DIST
DIST
D I ST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

K40
61214
TL 208
U/K
U/TH
TH/K

DIST
DIST
DIST
D 15
DIST
I1ST

NORMAL
NORMAL
NORMAL,
NORMAL
NORMAL
NORMAL,



ROCK UNIT KSN

-3 -2 -1 0 +1 +2 +3

K40 DIST NORMAL 105,u180 123,54;53 141,6727 159,8000 117,9273 19690547 214,1820

81214 DIST NORMAL 4,8902 12,3601 19,8301 27,3000 347699 42,2399 49,7098

TL208 DIST NORMAL 28,4195 36,9530 45,4265 56,9000 62,3135 70,8470 79,3205
U/K D1ST NORMAL -,0175 ,0417 .1008 ,1600 ,2192 .2/83 ,3375
U/TH OIST NORMAL -,0h4? .1172 ,2986 ,4800 ,6614 ,8426 1,0242

TH/K DIST NORMAL X1916 ,2406 ,28I6 .3386 ,3876 ,4366 ,4856

ROCK UNIT PCO

-3 w2 -1 0 +1 +2 +3

K40 DIST NORMAL -23,0393 28,6404 80,3202 132,0000 183,6798 235,3596 287,0393

1214 DIST NORMAL -,8590 5,3940 11,6470 17,9000 24,1530 30,4060 36,6590

TL208 DIST NORMAL -15,8832 2,0779 20,0389 38,0000 55.9611 73.9221 91,8832

U/K DIST NORMAL -,0093 ,0387 ,0866 ,1346 ,1826 ,2305 ,2785
U/TH DIST NORMAL -,0651 ,1119 ,2888 ,4657 .6426 ,8195 ,9965

TH/K DIST NORMAL .0713 .1475 ,2236 ,2998 ,3760 ,4521 ,5283

ROCK UNIT PPFSC

-3 -2 -1 0 +1 +2 +3

K40 DIST NORMAL 80.9816 129,9878 178,9939 228.0000 277.0061 326,0122 375,0184

8I214 DIST NORMAL -8,2697 5,9536 20,1768 34,4000 48,6232 62,8464 77.0697

TL208 DIST NORMAL 2,5926 26,0617 49,5309 73,0000 96,4691 119,9383 143,4074
U/K DIST NORMAL ,0100 ,0500 ,0900 ,1300 ,1700 .2100 ,2500

U/TH DIST NORMAL ,1415 ,2410 ,3405 ,4400 ,5395 ,6390 .7385
TH/K DIST NORMAL .1470 ,1960 ,2450 ,2940 ,3430 ,3920 .4410

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm



ROCK UNIT TRJC

w3

DIST NORMAL
DIST NORMAL
)IST NORMAL
DIST LOG
DIST NORMAL
DIST NORMAL

-8,6458
2,1639

-10,1597
,0499

-,0095
,1355

44,2361
8,9093

4,8935
,0664
,1602
,1742

-1

97,1181
15, b546
19,9468

,0883
.3299

,2130

0

150,0000
22,4000
35,0000

,1173
,14996
,2517

+1

202,8819
29,1454

50,0532
,1560
,6693
,2904

+2

25567639

35,8907
65,1065

12074
,8390
,3292

ROCK UNI T

-3

KU

-1 0 +1 +3

K40 DIST NORMAL 43,1431 83,7621 12493810 165,0000 205,6190 246,2379 286,8569

81214 DIST NORMAL 2,?214 9,?143 16,2071 23,2000 30,1929 37,1857 44,1786
TL208 DIST NORMAL 19,5870 29,0580 38,5290 48,0000 57,4710 66,9420 76,4130
U/K DIST NPRMAL ,08146 ,0003 ,0851 ,1700 ,2549 ,3397 ,4246
U/TH DIST NORMAL ,1267 92454 ,3642 ,4829 ,6016 P7204 .8391

TH/K DIST NORMAL -,1796 -,0064 ,1668 .3400 ,5132 ,6864 ,8596
mmmmmmmmmmmwwwmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

ROCK UNIT

-3

D IST NORMAL
DIST NORMAL
DIST NORMAL
DPST NORMAL
DIST NORMAL
DIST NORMAL

103
11
11

4272
,3719
,0690
,0178
,2965
,0119

120,9515
14,5813
20,7127

,0552
.3644
,0980

138,4757
17,7906
30,3563

90926
.4322

,18110

156,000
21,000
40,000

,130
,500
,270

0
0
0
0
0
0

113,5243
24,2094
49,6437

.1674

.5678
,3560

191,0485
27,4187
59,2873

.2048
,6356
,14420

208,5728
30,6281
68,9310

,2422
7035
.5281

mmmmmmmwwmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

K40
6 114
T1.208

U/K
U/TH4
TH/K
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+'3

308,
42,

80,

6458
6361
1591
2757
0087
3679

K40
BI214
TL208
U/K
U/TH
TH/K

JU

"1 0 +1 +2 +3



RUCK UNIT TRU

-2 -1

124,2320
13.8771
34.2371

,0736
, 254«4
.2177

142
17
41

05213
,9514
,1580
,098t
, 3292
.2477

1(60,8107
22,0257
48.0790

,1226
,4041
.2777

179
26
55

91
,1
,0
,1
,.4
.3

000
000
000
471
769
077

197.
30,
61,

,,9

,

3893
1743
9210
1716
5531
3377

ROCK UNIT QLE

-2 -1 0

215,6187
34,2486
68,8420

.1961
, 6286
.3677

+1

16009314
11,7382
5201530

90780
,2056

.2878

17592876
16,4921
58.8687

,0954
.2639
.3078

1690
21.
65,

9

9
,

6438
2461
5843
1127
3222
3278

20 '4,
26.
72,

,

9

9

0000
0000
3000
1300
3805
3478

218,3562
3097539
79,0157

,1473
,4388

,3678

232,7124
35,5079
85,7313

,1646
.4971
.3878

241,0686
40,2618
9?94470

,1820
.5554
,4078

ROCK UNIT JMS

-1

128,5485
16,4408
37,9216

.0864
,3256
,2494

160,0000
21,3553
48,1000

,1300
04779
03060

191
27
58

,4515
.73588
,2784
,1736
,6302
.3626

222.9031
36,0306
68,4568

.2172
,7825
.4191

25403546
46,8009
78,6352

.2608
,9348
.4757

---------------------------------------------------------------------------------------------------

-3

K40
13I214
TL20B
U/K
U/TH
TH/K

(
D
D
0
D
D

1ST
IST
IST
IST
IST
1ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0 +1 +2 +3

233,
38,
75.

0

.

.

K40
BI214
TL208
U/K
U/TEH
TH/K

9680
3229
7629
2206
7034
3977

DIST
DIST
MIST
DIST
01sT
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

NORMAL

+3

K40
81214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
LV fG

NORMAL
NORMAL
NORMAL
NORMAL

0

65,6454
9,7445
17,5648
-,0008
,0210
.1363

+1

97,0969

12,6573
27,7432

,0428
,1733
,1929

t2 +3w3



ROCK UNIT KJU

-3 -2 -1 0 +1 +2 +3

K4(, DIST LOG 66.7892 85,5351 109,5426 140.2884 179,6636 230,0905 29496709
B1214 DIST LOG 11,7277 16,2133 22,4117 30,9880 42,8404 59,2263 81,8794

TL208 DIST NORMAL 23.2299 33,4866 43,7433 54,0000 64,2567 74,5134 84,7701
U/K PIST LAG ,0933 ,1244 91657 ,2209 .2944 ,3923 ,5229
U/TH DIST LOG .2447 ,3278 ,4392 .5883 87881 1,0558 1,4144
TH/K DIST NORMAL ,0519 .1380 .2240 .3100 ,3960 ,4820 ,5681

ROCK UNIT KMH

-.3 -2 "1 0 +1 +2 +3

K40 DIST NORMAL 119,311? 135,5408 151,7704 168,0000 184,2296 200,4592 216,6888
81214 DIST NORMAL 2,2216 9,4810 16,7405 24,0000 31,2595 38,5190 45,7784

TL20& DIST NORMAL 3498154 43,3769 51,9385 60,5000 69,0615 77,6231 86.1846

U/K DIST NORMAL .0185 40609 ,1034 ,1458 ,1882 ,2307 ,2731
U/T] DIST NORMAL -0014 ,1324 ,2662 ,14000 ,5338 ,6676 ,8014
TH/K DIST NORMAL ,1651 ,2267 ,2884 ,3500 ,4116 ,4733 .5349

ROCK UNIT KMT

-3 2 -1 0 +1 +2 +3

K40 DIST NORMAL 91.9271 110,7181 129,5090 148,3000 167,0910 185,8819 204,6729

81214 DIST NORMAL 8,0667 17,0445 26,0222 35,0000 43,9778 52,9555 61,9333
TL208 DIST NORMAL 32.1128 45,0085 5799043 70,8000 83,6957 96.5915 109,4872
U/K DIST NORMAL .0451 ,1067 ,1684 .2300 ,2916 ,3533 .4149

U/TH D1ST NORMAL 90461 ,1987 ,3514 ,5040 ,6566 ,8093 ,9619

TH/K DIST NORMAL ,21t7 .3011 .3906 ,4800 ,5694 ,6589 .7483
--------------------------------------------------------------------------------------------------



ROCK UNIT TRPU

-3 -2 -1 0 +1 +2 +3

K40 DIST NORMAL 32,5158 67,4772 102,4386 137,4000 172,3614 207,3228 242.2842

RI214 DIST NORMAL -,8279 6,1148 13,0574 20,0000 26.9426 33,8852 40,8279

TL208 DIST NORMAL 6,2509 18.1672 30,0836 42,0000 53,9164 65.8328 77.7491

U/K DIST LOG ,0524 ,0140 .1044 ,1473 .2079 ,2933 ,4139

IJ/TH DIST LOG .2228 .2945 ,3893 ,5115 .6800 .8988 1,1879

TH/K DIST LOG .1546 ,1898 ,2331 ,28b3 .3516 ,4318 ,5302

ROCK UNIT PMU

-3 -2 -1 0 +1 +2 +3

K40 DIST NORMAL 39,4263 68.9509 98.4754 128,0000 157,9246 187.0491 216,5737

H1214 DIST NORMAL 2,4879 7,3253 1?,1626 17,0000 21,8374 26,6747 31,5121

TL20 DIST NORMAL .2040 14,4693 28,7347 143,0000 57,2653 71,5307 85,7960
U/K DIST NORMAL -,0035 ,0455 ,0945 .1435 ,1925 ,2415 ,2905

U/TH DIST NORMAL -,0637 ,0975 ,2588 ,4200 .5812 ,7425 ,9037

TH/K DIST NORMAL -,1157 ,0229 .1614 ,3000 ,4386 .5771 ,7157

ROCK UNIT TG

-3 -2 -1 0 +1 +2 +3

K40 DIST NORMAL 121,1717 142,1144 163,0572 184.0000 204,9428 225,8856 246.8283

1I214 DIST LOG 11,9677 15,8855 21,0859 27,9887 37,1512 49,3132 65.4567

TL208 DIST LOG 26,7274 38,0306 54,1142 76,9996 109,5634 155,8989 221,8300

U/K DIST LOG 80717 ,0918 ,1175 ,1504 ,1925 ,2464 ,3153

U/TH DIST LOG .1794 ,2270 .2873 13635 .4600 .5820 .7365

TH/K GIST LOG 91812 ,2386 ,3112 ,4137 ,5448 .7173 ,9445
mmmmmmmminminiwnm Sw wwmmwo wwmmmm wm wmme m an mmino m minmmmmmmmwaoo w ww ww wmm nommmmmmmmw.w owWoanMM



ROCK UNIT MCU

-2 -1

K40 DIST NORMAL -5,4603 28,3598 62,1799

R1214 DTST NORMAL - .7?75 ,8184 4.0908

TL208 DIST NORMAL -25,7434 -11,4956 2,7522
U/K DIST NORMAL ,0324 ,0589 ,0853

U/TH DIST NORMAL -,0139 ,1508 ,3154
TH/K DIST NORMAL ,0557 ,1105 ,1652

www ~ mmrww w mwwwwwww rwwwwwwwwmm m m m m m m m m m m m m mwwm m m

0 +1

9h,0000 129,8201 1
9,0000 13,9092
17,0000 31,2478

.1118 .1383
,4800 ,6446
,2200 ,2748

inmmm mmmmmmmm m w mm

+2

63.6402
18,8184
45,4956

91b41
,8092
,3295

mm - mm m

+3

197.4603
23.7275

59,7434
,1912
,9739

,3843

ROCK UNIT KFMF

-3 0 +1 +2 +3

K40 DIST NORMAL 68,9673 90,3449 111,7224 133,1000 154,4776 175,8551 197,2327

H1214 DIST NORMAL 7,14643 17,9762 28.4881 39,0000 49,5119 60,0238 70.5357

TL208 DIST LOG 32.5665 38,9348 46,5485 55,6510 66,5335 79,5441 95.0989
U/K DIST LOG .1591 ,1997 .2506 .3145 ,3947 84954 .6217
U/IH DIST LOG ,2947 .4005 ,5444 ,7399 1,0057 1,3670 1,8581

TH/K DIST NORMAL ,1726 ,2551 ,3375 ,4200 ,5025 ,5849 .6674
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

ROCK UNIT PTA

-3 -2 -1 0 +1 +2 +3

K40 DIST LOG 49,4524 63,8758 82,5059 106,5698 137,6521 177,8000 229.6575

B1214 DIST LOG 2,5015 40841 6,6678 10,8862 17,7734 29,0178 47,3758
TL208 DIST LOG 4,9182 8,9098 16,1412 29,2418 52.9751 95,9108 173.8628
U/K DIST LOG ,0325 ,0475 ,0695 ,1016 ,1486 .2174 .3179

U/TH OIST LOG .1068 ,1600 ,2397 ,35g1 .5380 ,8059 1,2074
TH/K DIST LOG ,0844 .1250 ,1852 ,2744 ,4065 ,6023 ,8923

.wwwmmmm mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmminmminmmmmmwwwwmIn



ROCK UNIT TU

w2

K40 01ST NORMAL 96.2129 117,7419 139,2710

8T?14 DTST LOG 7.9254 10,9483 15,1241
TL208 UIST LOG 30,14?0 35,7379 a4,37?8
U/K D1ST LOG ,0475 ,0666 ,0935
U/TH DIST LOG ,1419 ,2030 *2906
TH/K 0TST NORMAL ,1532 ,2088 ,2645
--------------------------------------------------------

160,8000 182.3290 203,8581 225.3871
20,8927 28,8615 39,8698 55,0769
50.? 3 4 59.5x65 70.6252 83,7371

.1311 ,1839 .2580 ,3618

.4159 .5952 ,8518 1.2190
,3202 .3759 ,4316 ,4872

mww w ~ w r w w w w w w w m mt w w w ow r

ROCK UNIT

"3 -2 -1 0 +2 +3+1

K40 DIST NORMAL 48,8685 105,9123 162,9562 220,0000 271,0438 334,0877 391.1315
61214 !)IST NORMAL -22,4722 -8,9815 4,5093 18.0000 31.4907 44,9815 58,4722

TL208 OTST NORMAL -8,4241 36,0506 80,5253 125,0000 169,4741 213,9494 258,4241
U/K DIST NORMAL .0120 ,0640 ,1159 ,1679 ,2199 ,2718 .3238

U/TH DIST NORMAL -. 1102 ,0265 ,1633 ,3000 ,4367 ,5735 ,7102
TH/K DIST NORMAL .1500 ,3000 ,4500 ,6000 ,7500 99000 1,0500
--------------------------------------- w---------------------------------------------------------------

ROCK UNIT

-3 -2

CU

-1 0 +1 +2 +3

K40 DIST NORMAL 19,5683 58.8456 98,1228 137,4000 176.6772 215,9544 255,2317

B1214 0IST NORMAL. 8,5771 12,6514 16,7257 20,8000 24,8143 28.9486 33,0229
TL208 DIST NORMAL 22,2439 31,4959 40,7480 50,0000 59,2520 68,5041 77.7561
U/K DIST NORMAL ,0209 ,0678 ,1147 ,1616 ,2085 ,2554 .3023
U/TH DIST NORMAL ,1122 ,2236 .3349 ,4463 ,5571 ,6690 ,7804
TH/K DTST NORMAL ,2086 *2596 ,3106 ,3616 ,4126 ,4636 .5146
..................................................................................................

-3 0 +1 +2 +3



ROCK UNIT KJCM

R3 -2 ,1 ) +1 +? +3

K4( DJST NORMAL 47,5581 78,3721 109,1860 140,0000 170,8140 201,6279 232.4419

B1214 DTST NORMAL 8,0979 15,3986 22,6993 30,0000 37,3007 44,6014 51,9021

TL208 DIST NORMAL 29,6057 43,0705 56,5352 70,0000 83,4648 96,9295 110.3943
U/K DIST NORMAL ,0151 ,0767 ,1384 ,2000 ,2616 ,3233 ,3849

U/TH DIST NORMAL ,1667 ,?578 ,3489 ,4400 ,5311 ,6222 *7133

TH/K IST NORMAL ,2038 ,2825 .3613 ,4400 .5187 ,5975 .6762

ROCK UNIT AL

w3 -2 -1 0 +1 +2 +3

K40 DIST NORMAL 142,758? 186,8388 ?30,9194 275.0000 319,0806 363,1612 407.2418
R1214 DIST NORMAL -17,1970 1,8686 ?0,9343 40,0000 59,0657 78.1314 97,1970

TL?08 D15T NORMAL -25,0436 29,9709 84,9855 140,0000 195,0145 250.0291 305,0436
U/K DIST NORMAL -,2230 -,0953 .0323 ,1600 ,2877 ,4153 ,5430

U/TH DIST NORMAL .1369 ,1977 ,286 .3194 ,3802 -,4411 ,5019

TH/K DIST NORMAL -,6337 -,2558 ,1221 ,5000 ,8779 1,2558 1,6337

ROCK UNIT PU

-3 -2 -1 0 +1 +2 +3

K40 DIST NORMAL 42,3467 66,5645 90,7822 11500000 139,2178 163.4355 187,6533

Bl1?14 DIST NORMAL 6,0000 12,0000 18,0000 24,0000 30,0000 36,0000 42,0000

TL? 0 8 DIST NORMAL 20,7112 27,5741 34,4371 41.3000 48,1629 55,0259 61,8888

U/K DIST NORMAL ,0128 .1089 ,1449 ,1810 ,2171 .2531 .2892

U/TH DIST NORMAL ,?367 ,3608 .4849 ,6090 ,7331 ,8572 ,9813

TH/K DI S T NORMAL ,1998 ,02330 .2661 ,2993 ,3325 ,3656 ,3988
r ww - - - --n- - - - --.- --w- - - - - - - - - - - --w- - - - --ww- - - - - - --w- - - - - - --o-4- -w- --w- rw n ww ww 0 www wW. W.W ww ww ww ww ww



RAWL IN S

NO. SAMPLES

40

90

497

EIGENVALUES

1)
2)

3)

1)
2)

3)

1)
2)

3)

1)
2)
3)

1)

2)
3)

1)

2)
3)

2545

4888

546

2.158
.747
.095

1.636

1.136
.228

2.260
.432
.309

1.736
.695
.569

1.703
.859
.437

2.380
.481
.139

% TOTAL VARIANCE

71.9
24.9
3.1

54.5
37.9
7.6

75.3
14.4
10.3

57.9
23.2
18.9

56.8
28.6
14.6

79.3
16.0
4.6

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.812

.743

.972

.148

.870

.925

.838

.881

.884

.778

.714

.788

.820

.545

.856

.956

.860

.853

-. 561

.657
-. 034

-.971
.388

-.209

-. 545
.272
.246

.366
-. 698

.271

-.357
.834

-. 189

-.011
-. 482

.498

.161

.126
-. 231

-. 189
-. 304

.316

.013

.387

-. 398

-. 511
-. 054

.553

.447
.082

-. 480

.293
-. 169
-. 158

UNIT

JS

KCV

I\

KF

KLE

KMV

PCG



RAWLINS

NO. SAMPLES

4444

936

1053

EIGENVALUESUNIT

PCGN

PCGR

524

278

507

2.029
.695
.276

2.481
.288
.231

2.190
.631
.180

1.980

.647

.373

2.378
.548
.075

2.391
.341
.267

% TOTAL VARIANCE

67.6
23.2
9.2

82.7
9.6
7.7

72.9
21.0
5.9

66.0
21.6
12.4

79.3
18.3
2.5

79.7
11.4
8.9

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.894

.684

.873

.921

.905

.902

.900

.724

.925

..845
.725
.861

.939

.768

.952

.887

.883

.908

-.236
.729

-.329

-.022
-.368

.391

-. 329

.689
-. 219

.337
-. 687

.249

-. 287
.641

-. 233

-. 396

.428
-.030

.381
-.039
-. 360

.389
-. 215
-. 181

-. 287
-. 039

.309

.416

.043
-.445

.189

.013
-. 197

-.238
-. 191

.418

1)
2)
3)

1)

2)
3)

1)
2)

3)

1)
2)

3)

1)

2)
3)

1)
2)

3)

I

PCI

PCQ

PCQD)

PCQM



RAWLINS

NO. SAMPLES

722

10704

766

EIGENVALUESUNIT

PCSCH

1299

366

329

2.113
.525
.362

1.973
.716
.311

2.301
.505
.195

2.129
.601
.270

2.154
.473
.373

1.955
.648
.397

% TOTAL VARIANCE

70.4
17.5
12.1

65.8
23.9
10.4

76.7
16.8
6.5

70.9
20.0
8.9

71.8
15.8
12.4

65.2
21.6
13.2

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.821

.818

.877

.833

.690

.896

.923

.799

.900

.895

.747

.877

.864

.823

.855

.870

.780

.768

.505
-. 519

.011

.430
-. 713

.150

-.204
.599

-. 323

.236

-. 663
.325

.214
-. 565

.328

.023

.551
-. 587

.265

.248
-. 480

-. 348

-. 122
.418

-. 326

.047

.293

.379
-.038

-.354

-. 456
.061
.402

-. 493

.295

.258

1)

2)
3)

1)

2)
3)

1)

2)
3)

1)
2)

3)

1)

2)

3)

1)

2)
3)

Q

RI

QAL

QG

QLS

QMC



RAWLINS

NO. SAMPLES

87

655

5644

EIGENVALUES

1)

2)
3)

1)

2)
3)

1)
2)
3)

1)
2)
3)

1)
2)
3)

1)
2)
3)

2364

875

1332

1.461

.996

.543

2.247
.470
.283

1.568
.921
.512

1.869
.932
.199

1.633

.873

.494

1.949
.693
.358

% TOTAL VARIANCE

48.7
33.2
18.1

74.9
15.7
9.4

52.2
30.7
17.1

62.3
31.1
6.6

54.4
29.1
16.5

64.9
23.1
11.9

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.852

.159

.842

.902

.827
.866

.834

.440

.823

.412
.. 901
.942

-. 644
.851
.702

.786

.739

.886

.028
-. 985

.157

-. 126
.548

-. 392

-. 210
.897

-. 267

.909
-. 311
-. 100

.706

.030

.611

.534
-. 636

.057

-. 522

.067

.516

-. 414
.127
.310

.510
-.030
-. 501

.069

.303
-. 320

.294

.524
-.365

.312

.220
-. 461

UNIT

QT

QTU

R' TBP

TBS

TD

TFU



RAWLINS

NO. SAMPLES

675

807

609

EIGENVALUES

1)

2)

3)

1)
2)
3)

1)
2)
3)

1)

2)

3)

1)
2)

3)

1)
2)

3)

1150

1171

3462

% TOTAL VARIANCE

2.241
.484
.275

2.365
.444
.191

1.542

1.046
.412

1.699

.985

.316

1.889

.767

.343

1.906
.726
.368

74.7
16.1
9.1

78.8
14.8
6.3

51.4
34.9
13.7

56.6
32.8
10.5

63.0
25.6
11.4

63.5
24.2
12.3

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.879

.813

.898

.928

.831

.901

.468

.722
.895

.348
.859
.916

.877

.630

.850

.864

.668

.844

.330

-. 579
.201

-. 173
.552

-. 331

-. 840

.583
-.031

.929
-.350
-. 024

-.224
.774

-.343

.244
-.743
.338

.344

.060
-. 391

-. 329
.064
.280

-.275
.373
.444

.130
-. 374
-. 400

.425
-.053
-.399

-.440
.045
.415

UNIT

TGL

TGM

TGT

TKF

TKH F

TNP



RAWLINS

NO. SAMPLES

1532

62

36

EIGENVALUESUNIT

TWC

TWDR

2970

894

2544

2.281
.541
.177

1.280
.941
.779

1.948
.745
.307

2.325
.510
.165

1.423
.915
.662

1.540
.969
.491

% TOTAL VARIANCE

76.0
18.0
5.9

42.7
31.4
26.0

64.9
24.8
10.2

77.5
17.0
5.4

47.4
30.5
22.1

51.3
32.3
16.4

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.854

.813

.943

-. 576

-. 751
.619

-. 662

.897

.840

.789

.901

.936

.737

.512

.786

.860
-. 319
.836

-. 471
.562

-.058

-.727
.029

-. 641

-.742

-. 165
-.409

-. 600

.344

.180

-. 413
.847

-. 164

.098

.944
.260

-. 219
-. 150
.327

.373
-. 659
-. 453

-. 105
-.411
.356

-.060

-. 262
.304

.534

.146
-. 596

.500

.081
-. 484

1)

2)

3)

1)

2)
3)

1)
2)
3)

1)
2)
3)

1)
2)

3)

1)

2)

3)

-N TWK

TW

KL

KSN



RAWLINS

NO. SAMPLES

1912

74

102

EIGENVALUESUNIT

PCU

TRJ C

34

83

53

2.144
.580
.276

2.253
.642
.105

2.022
.618
.360

2.046
.867
.087

1 .949

.796

.256

2.234
.576
.190

% TQTAL VARIANCE

71.5
19.3
9.2

75.1
21.4
3.5

67.4
20.6
11.9

68.2
28.9
2.9

65.0
26.5
8.5

74.5
20.0
6.3

VARIABLE PRINCIPAL COMPONENT
1 2 3

.876

.760

.894

.955

.721

.906

.747

.840

.871

.561

-.973
.886

.814

.660

.923

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

1)
2)

3)

1)
2)

3)

1)

2)
3)

1)
2)
3)

1)

2)

3)

1)

2)

3)

.326
-. 648
.232

-. 173
.691

-.368

.659
-. 381
-. 198

.825

.090

.423

-. 499
.734

-. 085

.052
-. 577

.490

.356

.041
-. 384

.240
-. 052
-.211

.089

.387

-. 449

-. 073

-. 214
.188

.298

.159
-. 376

-. 337

.160

.224

.940
.801
.842

00
KU

JU

TRU

PLS



RAWLINS

NO. SAMPLES

134

134

1193

EIGENVALUES

1)

2)

3)

1)

2)

3)

1)

2)

3)

1)

2)
3)

1)

2)

3)

1)

2)

3)

276

95

638

1.606
.972
.422

1.845
.674
.480

1.156
1.051
.793

1.559
.765
.676

2.179
.690
.130

2.448
.445
.107

% TOTAL VARIANCE

53.5
32.4
14.1

61.5
22.5
16.0

38.5
35.0
26.4

52.0
25.5
22.5

72.6
23.0
4.3

81.6
14.8
3.6

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
2 2 3

. 878

.268

. 874

.827

.802

.720

.327

-. 632

-.806

.681

.732

.748

.874

.710

.955

.873

.868

.966

-. 131
.963

-. 164

.218
.393

-. 688

-.841
-. 576

.111

.725
-.423

-.246

.432
-.699

.124

-. 466

.478

-.008

.460
-. 015
-.458

-. 518
.451
.093

-.432

.518
-. 582

.103

.534
-. 616

.222

.089
-.270

.147

.139
-.257

UNIT

JMS

KJU

'
KMB

KMT

TRPU

TG



RAWLINS

NO.SAMPLES

41

49

138

EIGENVALUESUNIT

MCU

KFMF

PTA

1265

183

50

2.739
.241
.020

1.469
1.173

.358

2.406
.481
.113

1.368

.977

.655

2.627
.289
.084

2.004
.850
.146

% TOTAL VARIANCE

91.3
8.0
.7

49.0
39.1
11.9

80.2
16.0
3.7

45.6
32.6
21.8

87.6
9.6
2.8

66.8
28.3
4.9

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

. 984

.914

.968

.920

.497

.612

.929

.807

.945

.812

.360

.761

.905

.930

.971

.944

.520

.918

.145
-. 405

.235

-.041
-. 809

.718

-. 290
.591

-. 219

.067
-. 918
.362

.415
-. 334

-. 067

.182
-.854
.297

-. 106
.016
.093

-. 389

.313

.330

-.230
-.022
.245

-. 580

.170

.538

.087
.154

-.229

-.275
.033
.264

1)
2)

3)

1)
2)

3)

1)

2)
3)

1)

2)

3)

1)

2)

3)

1)

2)
3)

WA TN

QU

CU



RAWLINS

NO. SAMPLES

54

472

EIGENVALUES

1)

2)
3)

1)
2)

3)

1)
2)
3)

1)

2)

3)

113

2041

2.114
.773
.113

2.054
.834
.112

2.278
.471
.252

2.172
.676
.151

% TOTAL VARIANCE

70.5
25.8
3.7

68.5
27.8
3.7

75.9
15.7
8.4

72.4
22.5
5.1

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.768

.767

.968

-. 533

.950

.931

.902

.817

.892

.704

.887

.943

.621
-. 623

.001

.846

.198

.282

-.229
.575

-. 296

-. 707

.388
.163

-. 158
-. 158
.250

-.021
-.240
.233

-. 366

.031

.342

-. 071
-. 251

.289

UNIT

KJCM

QL

UI

PU

TH





APPENDIX E

STATISTICAL TABLES AND PRINCIPAL COMPONENT
RESULTS

CHEYENNE QUADRANGLE





AADDP CHYNNE.DISTFILE

-3

ROCK UNIT

-2

K40 DIST NORMAL -22,2097 30,1935 82,5968 135,0000 187,4032 239,8065 292,2097

B1214 DIST NORMAL 894016 12,6677 16,9339 21,2000 25,4661 29,7323 33,9984
TL208 DIST NORMAL 21.7780 29,6520 37,5260 45,4000 53,2740 61,1480 69,0220
U/K DIST NORMAL 9,0323 .0251 ,0826 ,1400 91974 92549 ,3123

U/TH DIST NORMAL ,1653 ,2683 ,3712 ,4742 .5772 96801 ,7831
TH/K DIST NORMAL ",0839 10140 ,1120 ,2100 93080 ,4060 ,5039

wwww ----- .mmm mmmMmwm m m m -- m m=M wwnw w wmam~W "A mwww mmmm~wOM MMM~w qe - mm~MMM Mww "M a m - mm- ------

ROCK UNIT

"3

JU

-1 0 +1 +2 +3

144,5000
23.4000
43,6000

,1699
,5600
,2900

175
29
54

,3691
,3076
,0355
.2256
,7924
,3390

20692382
35.2152
64.4710

,2813
1,0248
,3880

237,1072
41,1229
74,9065

,3369
1,2571
.4370

ROCK UNIT KCV

.3 '2 m1 0 +1 +3

122,8000
21,5000
47,0000

.1964
,4640
,4221

168,5766
26,5299
55,2644

,2712
,5698
,5450

214,3533
31,5598
63,5288

.3461
,6757
,6679

260,1299
36,5897
71,7931

,4209
,7815
,7907

JM

m1 0 +1

m

+2 +3

K40
B1214
TL208
U/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

51,8928
596771

12,2935
.0029

0,1371
.1430

113
17
33

82,7618
11,5848
22.7290

,0585
,0952
91920

,6309

94924
,1645
,1142

,3276
,2410

4
8

K40
8I21
TL20
U/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

31
11
30

014,5299
6,4103

22,2069
-.0281
,1465
,0535

.2467
,4402
,4712
,0467
92523
,1763

77,0234
16,4701
38,7356

.1216

,3582
,2992

-- .mow



w3

108,5843
3,0500

31,7190
,0139

"90524
,2005

ROCK UNIT

w2

126,6895
12,0667
41,2793

,0713
,1250
.2579

KF

w1

144,
21,
50,

9
,

,

7948
0833
8397
1288
3025
3154

0

162
30
60

+1

,9000
,1000
,4000

91862
,4800
.3728

181,0052
39,1167
69,9603

.2436
,6575
,4302

ROCK UNIT KJCS

3 w1 0 +1 +2 +3

100,3435
14,0347
35,9674

,1219
,3360
,2534

149
26
48

,6000
,4000
,1000
,1658
,5039
,3291

198.
38,
60,

9

1
,

8565
7653
2326
2255
7556
4275

248,1129
51,1305
72,3652

,3068
1,1332

,5553
m.3m m m m m m m m m m.3.mmww wwww w inm m.3m.3w w wg ~ wr w ww w ww w ww w wwwm. W m mn mwmm m 3n i m W minmmininminrnPw

ROCK UNIT KJU
*2 1

159,1974
9,3370

3934169
30577
,2091
.2481

164,8982
13,1580
43,9446

,0777
,2699
.2655

170,5991
16,9790

48,4723
,0977
,3308
,2828

176,3000
20,8000
53,0000

31177
,3916
,3001

182,0009
24,6210
57,5277

91377
,4524
,3174

K40
BI214
TL208
U/K
Li/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

+2 +3

199
48
79

m
R)

,1105
31333
,5207
.3011
,8350
,4877

217,
57,
89,

,
1,

,

K40
BI214
TL208
U/K
U/TH
TH/K

2157
1500
0810
3585
0124
5451

D
D
D
D
D
D

IST
IST
IST
IST
IST
IST

1
-10

11

NORMAL
NORMAL
NORMAL
LOG
LOG
LOG

51
1

23

,8306
,6958
.7022
,0659
,1494
.1502

,0871
,6695
,8348
,0896
.2241
,1951

.3

K40
B1214
TL208
U/K
U/TH
TH/K

D
D
D
D
D
D

297,
63,
84,

1.
o

ST
ST

ST
ST
ST
ST

3694
4958
4978
4172
6994
7212

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0 +1 +2 +3

187.
28,
62,

t

R
,

7018
4420
0554
1577
5133
3347

193,
32,
66,

e

9
.

4026
2630
5831
1777
5741
3521

wwwwwwww wwgrwrwwwrwwwwywwwwwwD www}r lwwwwwwwwwwl wwwwwwwwwwrww*rwwwww..w lAwwwwwwwwwwwwwwwwwwwwwww



ROCK UNIT KI

.2 w1

148,1428
10,0864
43,9325

,0562
,1592
,2291

164
15
51

,2952
,5909
,3216
,0827
,2411
.2652

180,
21,
58,

e,

,

4476
0955

7108
1091
3229
3012

196
26
66

,6000
,6000
,1000
,1356
,4048
,3373

212,
32,
73,

,

.

7524
1045
4892
1621
4867
3734

228.9048
37,6091
80,8784

,1885
,5685
.4094

ROCK UNIT KLE

w3 w2 "1 0 +1 +2 +3

101,6616
11m0271
40,3823

,0564
,1964
,2492

117,5077
13,8756
45,6549

,0881
.2473
,2928

133,3539
17,4601
50,9274

,1197
,3115
,3364

149,2000
21,9705
56,2000

,1513
,3923
.3800

165,
27.
61,

e
,

,

0461
6460
4726
1829
4940
4236

180,8923
34,7877
66,7451

,2145
,6222
,4672

196,7384
43,7743
72,0177

,2462
,7836
,5108

ROCK UNIT KMH

"3 .2 w1 0 +1 +2 +3

104,8036
5,8880

25,8307
,0300
,0580
,2282

120,5357
9,9253
32,5538

,0583
,1570
,2614

136,2679
13,9627
39,2769

,0866
,2560
,2945

152
18
46

90000

,0000
,0000
,1149
,3550
,3277

167,7321
22,0373
52,7231

,1432
,4540

,3609

183,4643
26,0747
59,4462

,1715
.5530
,3940

199,1964
30,1120
66,1693

,1998
,6520
,4272

"3

K40
8i214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0 +1 +3

P1

245,
43,
88,

,

,

K40

81214
TL208
U/K
U/TH
TH/K

0572
1136
2675
2150
6504
4455

DIST
DIST
DI ST
1)1ST
1)19T
DIST

NORMAL
LOG

NORMAL
NORMAL
LOG
NORMAL

K40
BI214
TL208
U/K
L/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL



ROCK UNIT KMT

+1

189,3269
37.9749
75,6491

,2631
,6195
,4691

+2

226,6539
43,9499
87,4981

,3206
.7190
,5391

+3

263,9808
49,9248
99,3472

,3780
,8185

,6091

ROCK UNIT KMV

"2 "1 0 +1 +2 +3

109,3256
9,0857

37,6897
,0507
,1913
,2232

130
13
43

,8128
,2929
,4948

,0838
,2737
,2761

152,
17,
49,

9

3000
5000
3000
1170
3562
3290

173
21
55

,7872
,7071
,1052
,1502
,4387
,3819

195,2744
25,9143
60,9103

,1833
,5211
,4348

216,7616
30,1214
66,7155

,2165

,6036
.4877

ROCK UNIT KN

-2 0 +1 +2 +3

126,1690
18,8167
37,8195

,0878
,2702
,2319

148
24
45

,0345
,8083
,0097
,1368
,4251
,2707

169,
30,
52,

1,

,

9000
8000
2000
1858
5800
3094

191
36
59

,7655
,7917
,3903
,2348
,7349
.3481

213,6310
42,7833
66,5805

,2838
,8898
,3869

235,4965
48,7750
73,7708

,3328
1,0448

,4256
------------------------------------

"3

K40
81214
TL208
U/K
U/TH
TH/K

w2

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

"1

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

40,
14,
28,

9

0192
0752
2528
0334
2215
1891

114,
26,

51,
,
j

77,
20,
40,

U
1.

,

3461
0501
1019
0908
3210
2591

152
32
63

6731
0251
9509
1483
4205
3291

0

,0000

,0000
,8000
,2057
,5200
,3991

"3

K40
B1214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

87,8384
4,8786

31,8845
,0175
,1088
,1703

"3

K40
RI214
TL208
U/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

104,
12.
30,

v
,

1

3035
8250
6292
0388
1152
1932



"3

131,7390
5,4195

23,0956
,0153
,1010
,0306

ROCK UNIT

.2

158,7927
12.1796
36,6971

,0514
42029
41239

KP

0

185,
18,
50,

,

,

,

8463
9398
2985
0874
3049
2171

212,9000
25,7000
63,9000

,1235
,4069
.3104

+1

239,9536
32,4602
77,5015

,1596
45089
34037

+2

267,0073
39,2204
91.1029

41956
,6109
,4969

+3

29430609
45,9805

104,7044
,2317
,7128
,5902

ROCK UNIT KPN

"3 n2 w1 0 +1 +2 +3

m
K40

1I214
TL208
U/K

U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL

LOG
LOG
NORMAL

101,0844
3,0501

40,8698
30385
,1724
31061

I.3

K40
81214
TL208
U/K
U/TH
TH/K

DIST
D0IST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

97.1389
5,3382

31,0372
,0294
.1013
,1920

143,4896
9,0334
46,4465

30529
,2262
.1541

ROCK UNIT

-2

117,7592
10,0921
37,2581

,0611
31998
,2332

185,
15,
52,

,

,

3

8948

0167
0233
0726
2967
2020

w1

138,3796
14,8461
43,4791

,0927
,2983
,2745

228,3000
21,0000
57,6000

,0997
,3892

,2500

0

159,
19,
49,

3

3,

0000
6000
7000
1243
3968
3157

270,7052
26,9833
63,1767

,1368
,5106

,2980

+1

,6204
,3539
,9209
,1559
.4953
.3569

179
24
55

313,1104
32,9666
68,7535

,1878
,6699

,3459

200,2408
29,1079
62,1419

91875
,5938
33982

355,5156
38,9499
74,3302

,2578

38788
,3939

+3

220,8611
33,8618
68,3628

,2192
,6923
.4394

K40
B1214
TL208
U/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
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ROCK UNIT KSN

m2 -1

117,5061
12,1286
41,0314

,0574
,2551
,2639

137,6530
19,1143
47,4657

,1131
,3466
,3039

157,8000
26,1000
53,9000

,1688
,4710

.3439

177,9470
33,0857
60,3343

,2245
,6399

,3839

198,0939

40,0714
66,7686

,2802
,8695
,4239

218,2409
47,0571
73,2028

,3358
1,1815
,4639

ROCK UNIT KU

.1 +'f .3

132,8515
21,5682
46,8240

,1141
,3303
,2739

153
25
55

,0258
,9841
92620
,1457
,3967
,3218

173,2000
30.4000
63,7000

.1773
,4765
,3698

193,3742
34,8159
72,1380

,2089
,5724
,4178

213,5485
39,2318
80,5760

,2405
,6876
.4657

233,7227
43,6476
89,0140

,2722
,8259
.5137

ROCK UNIT PCAN

-1 0 +1 +2 +3

169,4885
17,2086
43,8736

,1263
,4412

,3344

240
27
64

,3437
,7494
,2401
,1594
,5625
,3901

340,8201
44,7469
94,0607

,1926
,6837
,4457
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"3

K40
1214

TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
01ST
01ST

NORMAL
NORMAL
NORMAL
NORMAL
LOG

NORMAL

0

97,3591
5,1429

3495972
,0018
,1877
.2239

+1 +2 +3

"3

K40
BI214
TL208
U/K
L/TH
TH/K

DI
DI
0 I
DI
DI
DI

ST
ST
ST
ST
ST
ST

112
17
38

NORMAL
NORMAL
NORMAL
NORMAL

LOG
NORMAL

,6773
,1524
,3860
,0824
.2750
,2259

w3

K40
B1214
T1L208
U/K
U/TH
TH/K

[) I
[) I
0 I
C) I
DI
DI

ST
ST
ST
ST
ST
ST

LOG
LOG
LOG

NORMAL
NORMAL
NORMAL

59
4

13

41,9151
2,5451
9,5454
",0064
,0437
.1117

.4378
,1041
49764
,0268
,0775
,1673

119
10
29

84,2859
6,6180

20,4644

,0599
,1988

,2230

,5219
,6717
,9641

,0931
,3200
,2787
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ROCK UNIT PCG

-3

205,9530
14,5250
40,5601

,0396
,2223
,0981

-2

239.7687
16,7834
45,5401

,0496
,2771
,1264

-1

273,5843
19,0417
50,5200

,0596

,3318
,1547

0

307,4000
21,3000
55,5000

,0696
,3866
,1830

+1

341,2157
23,5583
60,4800

,0796
,4414
,2113

+2

375,0314
25,8166
65,4599

,0896
,4961
,2396

+3

408,8470
28,0750
70,4399

,0996
,5509
,2679

ROCK UNIT PCGN

-2 1

116,0000
10,0000
38,0000

,0818
42200
,3300

148,0172
13,4205
52,9833

,1134
,3300
.3963

180,0344
16,8411
67,9666

,1450
,4400
.4627

212,0515
20,2616
82,9500

,1767
,5500
,5290

ROCK UNIT PCGR

0 +1 +2 +3

126,8037
5,2540

"22,8215
,0286
,1025
,0030

191,2025
13,6027
14,7856

,0531
,1787
,1020

255,
21,
52,

,

,

,

6012
9513
3928
0776
2548
2010

320,0000
30,3000
90,0000

,1021
,3310
,3000

384,3988
38,6487

127,6072
,1266
,4072
,3990

448,7975
46,9973
165,2144

,1511
.4833
,4980

513,1963
55,3460

202,8215
,1756
,5595
,5970
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K40

BI214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

m K40
BI214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0

19,9485
",2616

'6,9500
,0131

*,1100
,1310

+1

51,9656
3.1589
8,0334
,0186
,0000

,1973

83,
6,

23,
,

,

+2

9828
5795
0167
0502
1100
2637

+3

-3

K40
BI214
TL208
U/K
U/TH
TH/K

w2

D
D
D
D
D
D

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

w1



ROCK UNIT PCNOR

M1

A29,2770
-,6456

7,0938
,0087
,0883

N,0012

32,8486
3,9696

16,6958
.0352
,1789
,0658

94,9743
8,5848

26,2979

,0616
,2694
,1329

157
13
35

,1000
,2000
,9000
,0881
,3600
12000

219
17
45

,2257
,8152
,5021
,1146
,4506
,2671

281,3514
22,4304
55,1042

,1410
.5411
.3342

343,
27,
64,

,

4770
0456

7062
1675
6317
4012

ROCK UNIT PCQD

"3 0 +1 +2 +3

107,9323
9,4105
45,7717

,0705
,0777
,3446

127,7162
13,2053
62,6358

,0928
,1512
,4431

1U7
17
79

,5000
,0000
,5000
,1152
,2247
,5416

167,2838
20,7947
96,3642

,1376
,982
.6401

187,0677
24,5895

113,2283
,1599
,3717
,7386

206,8515
28,3842
130,0925

,1823
,14452
,8371

ROCK UNIT PCS

-2 w1 0 +1 +2 +3

.108,8417
3,8509
8,0369
,0179

m,0071
.,2181

,7389
6,5072
14,9244

,0315
.1182

-,0367

110,
10,
27,

3194
9957
7143
0556
2435
1447

219,9000
18,5803
51,4649

,0981
,3688
.3261

329,4806
31,3965
95,5692

,1732
,4941
,5075

439,0611
53,0529

177,4700
,3055
,6194
96889

548,6417
89,6475

329,5579
,5389
,7447
.8703
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03

K40
B1214
TL 208
U/K

U/TH
TH/K

DIST
DIST
DIST
C1ST
DIST
DI ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0 +1 +2 +3

K40
BI214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
D1ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

88,1485
5, 6158
28,9075

,0481
,0042
,2461

43

K40
B1214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
LOG
LOG
LOG

NORMAL
NORMAL



ROCK UNIT PCU

"'1

"31,0795
"4,4028

"27,0584
,0313
,0738

-.0133

48.6137
4,0648
8,6277
,0466
,1125
,1306

128,
12,
44,

1,

,

3068
5324
3139
0694
1714
2744

208,0000
21,0000
80,0000

,1034
,2613
,4183

287,6932
29,4676
115,6861

,1539
,3983
,5622

367,
37,
151,

1

3
e

3863
9352
3723
2293
6071
7060

447,0795
46,4028

187,0584
,3414
,9255
,8499

ROCK UNIT PFS

-1 0 +1 +2 +3

105,3401
4,9463

19,8605
,0325
,1567
,1367

ROCK UNIT

-2

1350
11,
29,

3

,

0200
4731
9302
0685

3094
1814

164
18
40

PG

-1

,7000
,0000
,0000
,1046
,4620
,2261

0

194,3800
24,5269
50,0698

,1407
,6146
,2708

+1

224,0599
31,0537
60,1395

,1767
,7673
,3155

+2

253,7399
37,5806
70,2093

,2128
,9199
,3603

+3

112.2020
12,0668
35,3993

,0998
,3082
,2859

134
18
42

05000
,1000
,7000
,1330
,4200
,3191

156,
24,
50,

e

3,

7980
1332
0007
1662
5318
3523

179
30
57

,0960
,1665
,3014
01993
,6436
.3854

201,3939
36,1997
64,6021

,2325
,7554
,4186

P3

K40
BI214
TL208
U/K
U/TH
TH/K

01ST
GIST
01ST
DIST
0IST
DIST

NORMAL
NORMAL
NORMAL
L1G
LOG

NORMAL

0 +1 +2 +3

m
1

.10

K40
BI214
TL208
U/K
U/TH
TH/K

01ST
DIST
DI ST
01ST
DIST
0IST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

75,6601
"1,5806
9,7907
W,0036
,0041
,0919

"3

K40
BI214
TL208
U/K
U/TH
TH/K

GIST
GIST
DIST
GIST
GIST
01ST

NORMAL
NORMAL
NORMAL,
NORMAL
NORMAL
NORMAL

67.6061
10003

20.7979
10335
,0846
,2196

89,9040
600335
28,0986

,0667
.1964
02528



ROCK UNIT PPC

.1

"96,8609
0,3499

"16,2328
",0459
8,0290
,0551

"20,5739
5,6667
1,8448
,0061
,1207
,1299

55,7130
11,6834
19,9224

,0580
,2703
,2048

132
17
38

,0000
,7000
,0000
,1100
,4200
,2796

208,2870
23,7166
56,0776

,1620
,5697
.3544

284,5739
29,7333
74,1552

,2139
,7193
,4293

ROCK UNIT PTA

'.3

NORMAL
NORMAL
NORMAL
LOG
LOG

NORMAL

46
2

16

*2

68
7

24

.7718
,9547
,1432
,0590
,1706
,2399

-3

9
1
3

,9146
,3364
,3955
,0786
22241
.2811

ROCK UNIT

*2

-1 0

1,0573
1,7182
2,6477
,1048
,2944
,3224

113
16
40

+1

,2000
,1000
,9000
,1397
,3867
,3636

135.
20,
49,

,

3427
4818
1523
1862
5080

157
24
57

*4048

,4854
,8636
,4045
,2483
,6673
,4461

+3

179,6282
29,2453
65,6568

,3310
,8766
,4873

Q

-1 0 +2 +3+1

130,1031
14,6113
39,8263

,0741
,2842
,2345

180,0000
20,8000
52,0000

,1128
,3896
.2874

229,8969
26,9887
64,1737

,1515
,4950
,3403

279.7938
33,1774
76,3475

21903
,6003
.3932

329,6907
39,3661
88,5212

,2290
,7057
,4461
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"'3.

K40
BI214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

1. +2

360,
35,
92,

,

,

,

K40
BI214
TL208
U/K
U/TH
TH/K

8609
7499
2328
2659
8690
5041

DIST
DIST
DIST
DIST
DIST
DIST

K40
B1214
TL 208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

30,3093
2,2339

15,4788
0,0034
,0735
,1287

80,2062
8,4226

27,6525
,0353
,1789

,1816



ROCK UNIT QAL

-1

139,1157
15,5472
43,7140

,0781
,2751
,2380

184
22
56

0

,0000
,3000
,2000
,1228
,4059
,3058

+1

228,8843
29,0528
68,6860

,1675
,5367
,3736

+2

273,7686
35,8056
81,1720

,2122
,6674
.4414

+3

318,6529
42,5583
93,6580

,2570
,7982
,5093
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ROCK UNIT

02

QF

V1 0

141,4365
8,9339

37,7708
,0608
.2233
.2215

163,6243
15,1226
46,6138

,0853
.2903
.2532

185
21
55

,8122
,3113
,4569
,1098
,3574
,2848

208,
27,
64,

,

,

0000
5000
3000
1343
4245
3164

230,1878
33,6887
73,1431

,1588
,4916
,3480

252,3757
39,8774
81,9862

,1833
,5587
,3796

274,5635
46,0661
90,8292

,2078
,6257
,4113

ROCK UNIT QMC

.2 +1

NORMAL 56.
NORMAL 3.
NORMAL 26,
NORMAL *,

NORMAL -,
NORMAL ,

6438 93,7625 130,8813
3790 9,2527 15,1263
3900 34,7267 43,0633
0555 ,0053 ,0662
1116 ,0648 .2411
1272 ,1864 ,2455

168,0000
21,0000
51,4000

,1270
.4175
,3047

205,1187 242,2375 279,3562
26,8737 32,7473 38,6210
59,7367 68,0733 76,4100

,1878 ,2487 .3095
,5939 .7702 ,9466
,3639 ,4230 ,4822

-3

K40
BI214
TL208
U/K
U/TH
TH/K

-2

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

49,
2,

18,
-m

S

,

3471
0417
7420
0114
0136
1023

94.
8,

31,

S

2314
7944
2280
0334
1444
1702

-3

K40
BI214
TL208
UJ/K

U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

+1 +2 +3

.3

K40
81214
TL208
U /K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

0 +2 +3

m

i
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*3

169,5967
6,4786
40,7645

,0313
,1288
,2229

ROCK UNIT

P2

175,1645
9,9857

44,2430
,0513
.1967
,2403

'ml

180,7322
13,4929
47,7215

,0713
,2645
,2576

0

186,3000
17,0000
51,2000

,0913
,3323
,2749

+1

191,8678
20,5071
54,6785

,1113
,4001

,2922

+2

197,4355
24,0143
58,1570

,1313
,4679
,3095

+3

203,0033
27,5214
61,6355

,1513
,5358
,3269

ROCK UNIT (SSW

w2 '1

184,0000
21,0000
67,5000

,0970
,3200
,3400

243,7152
26,1672
74,7732

.1194
,3832
.3910

303,
31,
82,

0

4303
3344
0465
1417
4465
4420

363,1455
36,5016
89,3197

,1641
,5097

,4930

ROCK UNIT OT

w2 -1

165,1142
17,6834
52,4606

,0775
,3021
92300

222
23
62

,0000
,7000
,0000
,1121
,3975
,2900

278,8858
29,7166
71,5394

,1467
.4929
,3500

335,7717
35,7333
81,0788

,1814
,5883
,4100

392,6576
41,7499
90,6182

,2160
,6837
,4700

K40
I214

TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

w3

K40
T214

TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0

4,8545
5,4984

45,6803
.0299
,1303
,1870

124
15
60

+1

64,5697
10,6656
52,9535

,0523
,1935
,2380

+2

,2848
,8328
,2268
,0746
,2568

,2890

+3

03

K40
81214
TL208
U /K

U/TH
TH/K

DIST
GIST
GIST
DIST
DI'ST
DIST

51
5

33

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

108
11
42

0

,3424
,6501
,3818
,0082
,1113
,1100

+1

,2283
,6667
99212
90428
92067
,1700

+2 +3



ROCK UNIT QTU

0

153,1000
22,5000
58,3000

,1477
,3857

,3844
mmmmmm m- mm m mmmmmmm - m m m. mm. mm w mm mmm m+ mm Awmm m- mm m -mm w- - m m m«mm p mmm m p -m m m m m - - mm m mm- m mm

ROCK UNIT

m2

158,5211
9,1067

35,7798
,0431
,1899
,1817

ROCK UNIT

TA

0

177,5105
16,6033
47,5399

,0831
,2990
,2426

196,5000
24,1000
59,3000

.1231
,4081
13034

+2

4789
0933
8202
2031
6263
4251

253,4684
46,5900
94,5803

,2431
,7354
,4859

+1

215,4895
31,5967
71,0601

,1631
,5172
,3642

234.
39,
82,

1
,
3

S

TB

- - 1 4'1

K40 DIST NORMAL 94,8271 133,8847 172,9424 212,0000 251,0576 290.1153 329,1729
8I214 DIST NORMAL ,3857 9,7238 19,0619 28,4000 37,7381 47,0762 56,14143

TL208 DIST NORMAL 30.7622 43,0748 55,3874 67,7000 80,0126 92,3252 104,6378
U/K DIST NORMAL *,0040 ,0429 ,0898 ,1367 ,1836 ,2305 ,2774

U/TH DIST NORMAL ,0488 *1725 ,2962 .4199 ,5436 16673 ,7910

TH/K DIST NORMAL ,1360 11992 ,2625 ,3257 ,3889 ,4522 ,5154
-------------------------------------------------------".."----------------m---------------------------------

-3

K40
BI2114
TL 208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

113.
12,
41,

,,

1989
4154
7320
0742
2515
2228

139
19
52

126,
15,
47,

S

,
S

+1

4992
7769
2546
0987
2963
2767

"1

,7996
,1385
,7773
,1232
,3410
,3305

166
25
63

,4004
,8615
,8227
,1722
,4304
.4383

193
32
74

179,
29,
69,

,
..

P" 3

7008
2231
3454
1967
4751
4921

K40
B1214
TL208
U/K
U/TH
TH/K

,0011
,5846
,8680
,22.12
,5199
,5460

CI ST
DIST
1)ST
D IST
1IST
DIST

139
1

24

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

,5316
,6100
.0197
,0031
,0808
,1209

+3

+3



ROCK UNIT

133,3863
14.9527
46,2778

,0740
.2430
,2408

159,5931
20,8263
55,2889

,1100
,3308
.2955

185,8000
26,7000
64,3000

.1461

.4185

.3503

212,0069
32,5737
73,3111

,1822
,5062
.4051

238,2137
38,4473
82,3222

,2182
,5940
,4598

264,4206
44,3210
91,3333

x2543
,6817
,5146

-wrw w www w w w w w w WN 0mw ~ ww~ w w Mw "' " - m-- - - m m mm - m mmm w-qmmm -w - - m" m mm m- m m m m- - m mw w - - - m m - -

-3

K40 DIST
BI214 DIST
TL208 DIST
U/K DIST
U/TH DIST
TH/K DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

83
4

19

,9332
,2738
,7128
,0345
.1239
x1788

ROCK UNIT

-2

110,6221
10,5826
32,6085

,0691
.2161
.2354

TH

-1

137,3111
16,8913
45,5043

,1038
,3083

,2919

0

164,0000
23,2000
58,4000

,1384
,4005

x3485

+1

190,6889
29,5087
71,2957

,1730
,4927
,4051

+2

217,3779
35,8174
84,1915

,2077
,5849
,4616

+3

244,0668
42,1262
97,0872

,2423
,6771
,5182

ROCK UNIT TNP

"3 -1 0 +1 +3

111,0246
9,2667

38,5334
,0552
91805
,2445

131,4623
15,2834
46,0167

,0988
,2905
,3002

151
21
53

,9000
,3000
,5000
,1424
,4005
93559

172,3377
27,3166
60,9833

.1860
,5105
.4116

192,7754
33,3333
68,4666

,2296
,6205
,4673

213,2131
39,3499
75,9499

,2732

,7305
,5229

M mmmm-------------w+-------------------------------------------W - M---------""mmmw w w w i 400mmw wmmmmmmmmmmmmm wwwwwMmmmmmmwmmmmmm

- - - - . , . _ - - - - - --T - - - - - - " - - - _ - -- - - - -- - -

K40
B12114
TL208
U/K
U/TH
TH/K

TC

-1

CIST
01ST
UIST
(1ST
LIST
r1 S T

107
9

37

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0

,1794
,0790
,2667
,0379
,1553
,1860

+1 +3

K4
B12i,4
T L 2) F,
U/K
U/T4
T4/t

DIST
DIST
DIST
D IST
DIST
DIST

90
3

31

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

,5869
92501
.0501
,0116
,0705
,1889

P3



ROCK UNIT TO

13

113.5234
1,6325

34,7511
-,0129

,0523
,1127

-2

151,
8,

43,

3
,

6822
2884
8341
0232
1538
1637

-1

189,8411
14,9442
52,9170

,0592
,2553
,2147

0

228,0000
21,6000
62,0000

*0953
,3568
02657

+1

266,1589
28,2558
71,0830

,1314
,4583
03167

+2

304,3178
34,9116
80,1659

,1674
.5598
.3677

+3

342,4766
41,5675
89,2489

,2035
,6613
,4187

ROCK UNIT TRC

133,1804
13,8681
37,1598

,0799
,3041
,2207

181,3000
20,0000
48,5000

,1211
,4452
02746

229.4196
26,1319
59,8402

,1623
.5863
,3285

277,
32,
71,

0
,

5393
2638
1804
2036
7273
3823

325,6589
38,3957

82,5206
,2448

,8684
,4362

ROCK UNIT TRJC

"3 "2 +1 0 +2 +3+1

K40 DIST NORMAL 104,5080 12803387 152,1693 176.0000 199,8307 223,6613 247,4920
8I214 DIST NORMAL 5,9365 9,6244 13,3122 17,0000 20,6878 24,3756 28,0635
TL208 DIST NORMAL 28,4649 33,1766 37,8883 42,6000 47,3117 52,0234 56,7351
LI/K DIST NORMAL ".0095 .0237 ,0568 ,0900 ,1232 01563 ,1895
U/TH DIST NORMAL 01054 01903 ,2751 ,3600 ,4449 .5297 ,6146
TH/K DIST NORMAL ,1615 .1932 ,2248 ,2564 ,2880 ,3196 ,3513

---------------------------------------------------------------- r--------------------------.-

K40
81214
TL208
LJ / K
U/TH
TH/K

DIST
GIST
0IST
: IST
01ST
01ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

W3

K40

81214
TL 208
U/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

36
1

14

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0

,9411
,6043
,4794
,0026
,0220
.1130

85,0607
7,7362
25,8196

,0386
,1631
,1669

+1 +2 +3



ROCK UNIT TRPU

s3

149,2443
5,3934
38,1196

,0397
,1143
91867

P2

164,8295
8,9289

40,7464
,0538
,1829
,2041

01

180
12
43

,4148
,4645
,3732
,0680
,2514
,2214

0

196,
16,
46,

,1
,
g

+1

0000
0000
0000
0821
3200
2387

211,5852
19,5355
48,6268

.0962
,3886
,2560

+2

227,1705
23,0711
51,2536

,1104
,4571
.2733

+3

242,7557
26,6066
53,8804

,1245
.5257
,2907

ROCK UNIT

"3

80,4444
7,0157
20,7239

,0456
,1666
.2099

137
13
38

,2722
,5578
,3620
,0680
,2339
,2562

194,1000
20,1000
56,0000

,1014
,3285
,3127

250,9278
26,6422
73,6380

,1512
,4614
.3816

ROCK UNIT TWDR

"1 0 +1

136,0947
4,7824

35,4444
,0248
,1575
.2031

147,4965
10,9550
42,5296

,0622
,2412
,2467

rrwrr rrrwr ww- - - - - - - - - - - - - - --rwwwr- - - ------ r w ww w w wr-- ----

K40
BI214
TL208
U/K
U/TH
TH/K

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

K40
BI214
TL208
U/K
U/TH
TH/K

TU

-1

DIST
DIST
DIST
DIST
DIST
DIST

NORMAL
NORMAL
NORMAL
LOG
LOG
LOG

0

23,6166
,4735

3,0859
,0306
,1186
,1720

+1 +2 +3

307,
33,
91,

g
9

,

364,
39,
108,

,

13

7556
1843
2761
2253
6479
4658

K40
B1214
TL208
U/K
U/TH
TH/K

2

5834
7265
9141
3358
9099
5685

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

158
17
49

+2

,8982
,1275
.6148
,0996
,3248
,2903

170,
23,
56,

,
,1
,

+3

181,
29,
63,

s
.

,

3000
3000
7000
1370
4085
3339

193
35
70

7018
4725
7852
1744
4922
3775

204,
41,
77,

.

,1035
,6450
,8704
,2118
,5758
.4211

5053
8176
9556
2492
6595
4647

rwwwwwwan OR . in wwwwow wor "go, onwwOwwwwwwwwRl/wrwwwwwwas"w"wwgilwwwwwrwMwwrwrwwwwwwgwmwrwwwwwwwwwwwwwwrww..wwww



ROCK UNIT TwR

"2 w1

122,2896
.2965

32,8978
1,0022
p,0274

,2602

134
5

41

.1597
,5310
91318
,0324
,0760
.2948

146,0299
10,7655
49,3659

,0671
,1795
,3295

157
16
57

,9000
,0000
,6000
,1017
,2829
,3641

169,
21,
65,

U
,

.

7701
2345
8341
1363
3863
3987

181,6403
26,4690
74,0682

,1710
,4898
.4334

193,5104
31,7035
82,3022

,2056
,5932
,4680

ROCK UNIT

114,9722
8,3037

38,0523
,0652
,1450

,2138

128
12
42

,4815
,4024
,6348
,0876
.2367
,2525

141.9907
16,5012
47,2174

,1099

,3283
,2913

155,5000
20,6000
51,8000

,1323
,4200
,3300

169
24
56

,0093
,6988
,3826
,1547
.5117
,3687

182,5185
28,7976
60,9652

,1770
.6033
,4075

..- - - - - - - - - - - - - - - - -minwGmn we NwinrowAl g ' s o r~m 0 NwO r " ggapM ae g W minmw w a mmm Am r sm e inn

"3

K40
BI214
TL 208
U/K
U/TH
TH/K

DI
DI
DI
DI
DI
DI

ST
ST
ST
ST
ST
ST

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

0 +1 +2 +3

m
K40

B1214 1
TL208
U/K
U/TH
TH/K

D IST
DIST
DIST
DIST
DIST
DIST

-~1

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

+1

196
32
65

,0278
,8963
,5477
,1994
,6950
14462



CHEYENNE

NO. SAMPLES

181

145

328

EIGENVALUES

1)
2)
3)

1)

2)
3)

1)

2)

3)

1)
2)

3)

1)

2)

3)

1)

2)

3)

220

1879

70

1.501
1.071

.428

1.852

.981

.168

1.716
.854
.431

1.491
.906
.603

1.757
.717
.526

1.642
.833
.526

% TOTAL VARIANCE

50.0
35.7
14.2

61.7
32.7
5.6

57.2
28.5
14.4

49.7
30.2
20.1

58.6
23.9
17.5

54.7
27.8
17.5

VARIABLE PRINCIPAL
1

.430

.719

.893

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

.901

-.354
.956

.680

.703

.872

d776
.495
.802

.806

.693

.791

.835

.703

.671

COMPONENT
2 3

-.856
.580

-. 055

-. 337

-. 931
-.027

.672
-. 634
-. 012

.337
-. 866

.208

.262
-. 719
.363

-.027
-. 613
.675

.288

.382

-.446

-. 273
.090
.291

-. 295
-.322
.490

.532

.073
-. 560

-. 530

.055

.492

-. 550

.361

.306

UNIT

JM

JU

m

00 KCV

KF

KI

KLE



CHEYENNE

UNIT

KMB

KMT

KMV

KN

KP

KPN

NO. SAMPLES

101

194

356

212

EIGENVALUES

1)
2)
3)

1)
2)

3)

1)
2)

3)

1)

2)

3)

1)

2)

3)

1)

2)

3)

64

173

1.689
.983
.328

1.669
1.114

.217

1.383

1.000
.617

1 .695
.929
.375

2.088
.692
.221

1.460
1.000

.541

% TOTAL VARIANCE

56.3
32.8
10.9

55.6
37.1
7.2

46.1
33.3
20.6

56.5
31.0
12.5

69.6
23.0
7.4

48.6
33.3
18.0

VARIABLE PRINCIPAL COMPONENT
1 2 3

.912

.274

. 884

.843

.273

.940

.055

.830

.832

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

. 894

-. 524
.788

.833

-.727
-. 930

.827
-. 217

.854

.044
-. 958

.252

.453
-.944
-. 131

.998

-.065
-. 001

-. 057
-. 830

-. 487

.482

.671
-.093

.252

.968

.002

.407
-.085
-. 394

-. 291
-. 183

.314

-.035
-.554
.555

-. 444

-. 191
.377

.270
-. 145
.356

.503
-. 130
-.520



CHEYENNE

NO. SAMPLES

606

500

225

EIGENVALUES

1)

2)

3)

1)

2)

3)

1)

2)

3)

1)

2)

3)

1)

2)

3)

1)

2)

3)

2115

115

4546

1.630
.807
.563

1.521
.987
.492

1.419
.989
.592

2.523
.318
.160

1.876

.831

.293

2.259
.502
.239

% TOTAL VARIANCE

54.3
26.9
18.8

50.7
32.9
16.4

47.3
33.0
19.7

84.0
10.6

5.3

62.5
27.7
9.8

75.3
16.7
7.9

VARIABLE PRINCIPAL
1

.784

.619

.795

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

-. 857

.201

-.864

.788

.313

.836

.927
.884
.938

.896

.555

.875

.801

.904
-895

COMPONENT
2 3

-. 340

.785
-.276

-. 146
-. 979

-. 083

.338
-.935
.032

-. 265
.465

-. 177

-. 214
.831
-.308

.598

-.241
-. 292

.520

.036

-. 540

-.494
.032
.497

.514

.167
-.548

.265

.038

-.297

.389
-. 038

-.374

.022
-. 354
.337

UNIT

KS

KSN

mn

KU

PCAN

PCGN

PCGR



CHEYENNE

NO. SAMPLES

101

47

628

2334

EIGENVALUES

1)
2)

3)

1)
2)
3)

1)
2)
3)

1)
2)
3)

1)

2)

3)

1)
2)

3)

229

120

2.471
.298
.230

1.727
1.142

.131

2.252
.616
.132

2.017
.616
.367

2.102
.599
.299

2.397
.425
.178

% TOTAL VARIANCE

82.4
9.9
7.7

57.6
38.1
4.4

75.1
20.5
4.4

67.2
20.5
12.2

70.1
20.0
10.0

79.9
14.1
5.9

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.913

.916

. 893

.970

.620

.634

.730

.939

.914

.856

.855

.744

.879

.749

.876

.941

.854

.885

-. 242

-. 196
.449

.003

.762
-. 750

.682

-. 219
-. 321

-. 287
-. 295
.669

-. 275
.663

-.290

-. 072

.503
-. 409

.327
-.350
.024

-. 244

.188

.190

-. 031
.265

-.247

-.430
.427
.004

-. 389

.007

.384

.332
-. 134
-.223

UNIT

PCNOR

PCQD

m

~N PCS

PCU

PFS

PG



CHEYENNE

NO. SAMPLES

1918

472

1129

EIGENVALUESUNIT

PPC

PTA

4576

182

2228

2.301
.502
.197

2.069
.779
.152

1.893
.842
.265

1.738
.793

.469

2.436
.348
.216

1.777

.760

.463

% TOTAL VARIANCE

76.7
16.7
6.6

69.0
26.0
5.1

63.1
28.2
8.8

57.9
26.4
15.6

81.2
11.6
7.2

59.2
25.3
15.4

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.871
.818
.934

.915

.598

.935

.784

.653

.923

.743

.679

.852

-880

.896

.926

.721

.729

.852

.423
-.560
.096

.300

-. 801
.219

.550
-. 733

.052

.560

-. 690

.062

-.453
.372
.071

.625
-. 608

-.009

.249

.128
-. 345

-. 270

-.024

.280

.290

.190
-. 381

.367
.251

-. 521

-. 142
-. 243
.370

.299

.316
-. 523

1)

2)

3)

1)
2)
3)

1)
2)

3)

1)
2)
3)

1)

2)

3)

1)

2)

3)

mn

r)
Ni Q

QAL

QF

QMC



CHEYENNE

NO. SAMPLES

34

48

3621

33

EIGENVALUESUNIT

QS

QSW

8396

7753

% TOTAL VARIANCE

1.410
.983
.607

2.408
.455
.136

1.796
.741
.463

1.609

1.102
.288

1.624

.935

.441

1.616
.916
.468

47.0
32.8
20.2

80.3
15.1
4.5

59.9
24.7
15.4

53.6
36.7
9.6

54.1
31.1
14.7

53.9
30.5
15.6

VARIABLE PRINCIPAL COMPONENT
1 2 3

.551

.645

.831

.948

.828

.908

.758

.708

.849

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

.016
-.894
-. 900

1)

2)
3)

1)
2)

3)

1)

2)

3)

1)

2)
3)

1)

2)
3)

1)
2)

3)

-.759
.638
.007

.151
-.557
.350

.544
-. 664

.068

.982

.273
-. 254

.916
-. 261
-. 167

-. 844

.440

.097

.348

.420
-.556

-.280
.068
.230

-. 361

-.242
.524

.190
-. 354

.356

.045

.463
-.474

.171

.437
-. 498

.399

.847

.864

.508

.784

.862

m

QT

QTU

TA

TB



CHEYENNE

NO. SAMPLES

3183

505

1215

EIGENVALUES

1)

2)

3)

1)

2)

3)

1)

2)
3)

1)
2)

3)

1)

2)
3)

1)
2)
3)

15372

741

13053

1.541

.931

.529

2.019
.549
.432

1.516
.986
.498

1.423
1.064

.513

1.881

.807

.312

2.008
.781
.211

% TOTAL VARIANCE

51.4
31.0
17.6

67.3
18.3
14.4

50.5
32.9
16.6

47.4
35.5
17.0

62.7
26.9
10.4

66.9
26.0
7.0

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.480

.775

.843

.834

.787

.838

.630

.610

.864

.251

.781

.866

.860

.589

.891

.868

.626

.929

-. 861

.423

.101

-. 311
.616

-. 270

.690
-. 714

.001

.929
-.433

.121

-. 339

.806

-. 206

.395
-.775

.153

-. 169
-. 470

.528

-.455
-. 022
.474

-. 357
-.344
.503

.273

.450
-. 485

.381

.056
-.405

-. 299

-.086
.338

UNIT

TC

TH

m

TNP

TO

TRC

TU



CHEYENNE

NO. SAMPLES

253

96

94

EIGENVALUES

1) 1.687
2) .959
3) .355

1) 1.791
2) .994
3) .214

1) 1.615
2) 1.095
3) .290

% TOTAL VARIANCE

56.2
32.0
11.8

59.7
33.1
7.1

53.8
36.5
9.7

VARIABLE

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.315 .949 -. 031

.885 -. 204 -. 418
.896 -. 132 .423

.943 -.065 .327

.112 .994 .004
.943 -. 053 -. 327

-.870 .347 .349
-. 915 -. 179 -. 362

.143 .971 -. 192

UNIT

TWDR

TWR

m

R)

QG





APPENDIX F

STATISTICAL TABLES AND PRINCIPAL COMPONENT
RESULTS

GREELEY QUADRANGLE





A P GEF Y ,F T STF iL F

-3

K0 4 ( 1)T5 Lr (I.,3310

8121 4 1I)15 LrO 1-1'I 4

rL 2OP DIS T L tr, l6, 62
T/K~ DI r L; .

il/I/h .13T L.0; . 1 C/

w w I 4 /w' . r. f ..+ r 1r w 0n +r r w .."w w w

c. l ) )7 . 9 0 ' / 1 1 / . 01 9 2 1 7 6

l.1f5,(, . / 77 %r.469 82

.?03l ,311 "45? 1

.2378 . 3 . .1 48

.2-23 26393522 393.5620

.9058 64.9808 96, 1719
.117b8 122. 4554 182.4 /63
.3878 .5978 .9216
,7879 1,2415 1.9561
.5478 .7236 .955b

p( ! K i ( T

-. CiF- +1 +3

1 )
1) 1

I

0

S
S

*1'

rjf,,iAL 15 7. 1267 1.71 ,25 1 185. 3'7 h 199,5000 213.6244 227.7489 241 ,8733
Ir)FtAL 10.5619 15.6413 20.7206 25,8u00 30,8794 35.9587 41,0381

ThRNAL 38.657 I6,.5;8 > 54,4819 6p,3A0O 70.2781 78,1762 86,0743
iirea i.91 45 "-, )-.23 9 .13'9 ,4921 ,8545 1.2163

P 'i AI4 7 '-.8/434 - 2392 . 174 .9688 1,5728 2.1768
0-1,39'J ---21/i .3 ,.90145 1.4189 P 0534

q ('CK UPI.! T KJU'

-- 3 '-2 (4 +1 +2 +3

K4Q DTI T (!?Gc4.5412 32,0881 56.11 l 1 78.2571 122,2121 190,8553 ?98.0536
hT 14 )181 Lrr 6.2221 9.1654 )33,5%? 19,885/ 29.2915 43.1463 63,5543

1L203 1);ST 1 L?; 13.u47 14.41435 28,0219 4014473 58.3824 -4.2703 121,6375
U/K )1,iT L)k",AI -1.3036 '-,776 -. 2' I-S .2177 .80c31 1.3322 1.8594

1/TH j l ;r UHPHAL - .6125 **-.919 --. 20 .5192 1,2398 1,9603 2.hN09
TH/K f.)ST L( VAL - .6741 -,9330 ~.19)8 .54)3 1,2904 ?,0316 2,7127

HOCK " 11

-_j C) +1

-n

K40
I 1 2 1 /
11,? () 3
U/Y
u/ rH
I/K



(dJCK iJNJI T

-3 -1 I +1 +2 +3

KU 0 LiI .3 ,{IkhAL 16h.515 t1 l1.01/l 195. 50 F6 2'10,f1Ur0 ?i24.4914 238,9828 253,4141

FTj 1 1 DI 8 T (fPMP L 9.6%8 it.?,u 1 9.%503 214. 000 29.4197 34,3995 39. 31s92

Ti r)08 0 i3T !1Pk11 .o I 1.1055 55r .t)7 h.3 0000 70.9373 78.81/45 86. 1.18

U/K D131 NR1AL -- 908%5 , 6/ .22 ) gi .1]66 .4586 ,8003 1,1421
11/TH DIiT r'J)P AL -:.461'4 -. 8494 - 237 ,.3745 .9865 1,5984 2,210/4

T'/K fitST !URA( "-1.-.512 -. 79r)4 .-. 2077 .3000 .8477 1.3954 1,9C'32

P CK U)'IT KLF

- 2 -) +1 +2 +.

rNj K40 DVST NrliMAL 160.7935 175,0 23 1s,3312 203,n01)0 217,8688 232,1377 246,4065

kI214 0IST N(WIAL 11i.00118 19,536) 25,0'A3 30.600u 36,1317 41.6635 47,1952
TILO8 .)TST 10)f AL 87.136h 9H.n 1 I 1 09.415 120,0000 130.9545 141.9089 152,8634
/K Di SfT hRMAl -1 .01 70 .62714 -, 2318 ,1518 ,5414 ,9310 1, 3206

U/TH 03S1 Wib'AAL -1*7?/43 -,7621 ~.2'498 ,262/4 ,7146 1,2869 1,7991
TH/K DTST NIUR AL -1.7075 -,9141 -,1806 .5829 1,3464 2,1099 2,8/33

R1 K UNIT K~lr'

-- -1 (. +1 +32 +

Kl4(0 GIST !If'I AL 1F,7.h018 182.13it6 196,6673 ?11.2080 225,7327 240,2654 254.7982
81214 1.15T ,iRMIAL 12.84145 11.2?97 23,6148 29,0090 34.3652 39,7103 45.1555

TL208 1ISf N(RM4L /40.8132 48.8155 56,9317 65,0000 73,0623 81,1245 89,1868
U/K f)IST D(WIAL -,991? -".x131 -. 2, .1429 ,5209 ,8989 1,2770
U/Td 0T3 N1)TS7 AL -1 .5655 -,8929 -. 220? .4525 1,1252 1,7979 2,14705

TH/, 01S I I "P AL -1 ,3747 "",1103 -,245 ,3186 ,8830 1,4475 2,0119
----------------------------------------------------------------------------------------------------------------------- 6



-3

I'4L1 ,T ST l'IIPAL lbL.9LV)

IiT2I4 IT;.. !I(1{;,aL 1.03

1Lx08 H T sr NOlAL 12. H%5

'J/K 0TSfT JI.II AL -.

LJ/TH 7T .T Lnr, .1c) 7

TH/K IDTST jNiPRA - 14(19

51l,008

".17

.6176
-- 126l

-1 (i +1 +2

1 r4, b1 19 h, o')0 21P,27814 226,3561 24

2?..tio ?7.9000 33.18?0 38,4b41 4

r,9,.2 67,5 75.7158 83,9317 9
-. 'Si ,;l54 .5267 ,9080

, r 1 . ,4107 ,5638 ,71112

-2131 .30)0 .9231 1.5062

I (R( CK NI"J IT KFPL

-3 -2 -1 C, +1

K40 I).1ST bIP 'lAL ?.93t43 k135,6 e+ 1 48,31' 161 ,t000 113,6886 186,3/72 19,0657
fRTg1i D T S T NOik 9A. 15.7663 21,5109 21.2554 33,000 38,7446 44,4891 50,2337

TI20M I)TST Mi,11'1AL ill. 3)(15. .9 3 (C,1ll2 57,00 0 64.51498 72,0991 79,61495

Ul/k 11 LH(, , 13a8 , 0566 ,0U'9) * .1 6 .4432 ,3953 ,6428
i/ T H I :IT L(; .l l 1 1/ 79 ,Pei' , '4593 6 714 5 1 1356 1, 8053

TEH/K D T i L11(, ,1 375 ,1 3/4 ,?147 ,3'63 ,'4351 .5803 ,7740

-3 -1 (. +1 +2

KLIO ()1Dl iiUrIAL 1r?,0?2 7  133,8485 1 1,67d? Ih4.5O.0 177.3258 190,1515 202,9773
NT 214 L)TST IRktAL 1i ,?' f5 15,32U03 20 ,3 5? 25.40 ( 3 U.4398 35.u797 40 ,519 5

TL20h 1)I ST IJ!(RMAL '11.464!f 49,57s6 i,6 8il3 65,8(00 73,9117 82,0234 90,1 i5?
11/K 1)1ST IRf)F;AL -1.012 -. 633() -,23A8 ,1554 ,5'496 ,9436 1,3350
y/TH DTS1 1JDPHAL -1.4804 -,857/ -.29 ,38/6 1,0105 1,6333 P,b60
IH/K 1)1ST [DRMAL - 1, 5 I-,4895 -,23/45 . 90 1,0145 1,6390 2,2635

-----------------------------ww--------------------------------------------------------------------------------------------r..w

+3

f),u.51
3, 7!461
2,1475

I *2893
1. 0630

p 089 4

(1( K r ( 1:4T T Kp

kI.CK i- +1I T KPT n

-?



ROCK UNIT KP.

K40 0iS( ,,, pM

i1214 DIST fiH R1

TL20M I)1ST (oPR

I/K O T Si t (H-R
U/TH D)IST r hi1
TH/h DTiT I'PRPM

AL
AL
AL
AL
AL
AL

1149,0043 16 .8029 17.60114 190,4000 204.1985 217,9971 231,7957
10,3507 154b05 ?0,'.i0' 25,O00 30,5498 35,5995 40,6493

3B.7619 *6,6013 54,4')06 62114090 70.?994 78,1987 86,0981
-1.003 -,6152 -,r2S"J ,1460 ,5281 .910x' 1.2Q23

-1,r14L9 -,840'4 ,23r9 3606 ,9611 1,5616 2.1621

i'I -, 725 -,4133 1,0562 1,6991 2,3420

RACK U NI T

-2 .I +1 +3I.)

KU0 D1T I'fIPMAL 108.437 12+,L4ci4 132.'492 14'4.9051) 15F,5208 168,541b 180.5624

H3214 DIST MWRIAL 7,2523 11, vE348 16," 21,0010 25,5826 30,1652 34.7477

TL208 TIST IHRMAL 13.5683 19,0459 ?4,5 % 30,0000 35,4772 40,9545 46,43117
U1/K 1I) T N1R;auAL-,9517 1,591 l -, .5s6 ,1300 *4906 ,8511 1*2117

1/TpH DI ST 4.IPU"AL. -i ,6133 -. 9222 -.,211 .5200 1.2411 1,9622 2,6833

TH/K 01ST fIRI'AL -1.3255 ~.7870 .2485 .2900 ,8285 1,3670 1,9055

R(1CK UH I T PPCF

-.3 -1 0 +1 +3

K40 1ST N0 RMAL 200.6655 21h,410 s 232.155? 247,90-0 263.6448 279,3897 295,1345

Ni214 D1ST NURMAL 6,25241 10.6662 15,0641 19,5000 23,9159 28,331b 32,7476
TL208 01ST NflRMAL 3i,.9501 41,4'67 48,983L! 56,5000 64,0166 71,5333 79,01499

U/K D1i5 T v)POAL A.R120 -. 5112 -,e 10 5 ,0905 ,3913 ,6922 .9930
1I/T D1ST URMAL -1.4979 -. 8651 -,2324 *4004 1.0332 1,6654 2,2987

TH/K DST HIlfjI'AL -1.2087 -,7292 -,2"96 ,2300 ,7096 1,1892 1,6687
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmArwwwwvmw mw mowm G MMm inm mmmmmmmmmmmmmmmmmmmmr

-3 () +1 +3



Q P C K Ui P P F

-2 -1

K40 D1ST IiFlRMAL 213,2)93 229,4395
(;12.14 01ST N I~i'AL_ 12.1is44 17,13?29

TL20A L1T 1J)FMAL 70,2550 80.27u00
U/K DIST 1-UR 'AL -,90A8 -,56i9

U/TH D IST tilIR!AL 1i.3432 ^,7954
TH/K 1)1ST W)P'IAL --1.4716 -. 853

24 5,6148 261,8000 277,9802 294,1605 310,3407
23,1615 28,5000 33,8385 39.1771 44,5156
90.,?I2',0 100,3000 110,3150 120.3300 130,3450

-,2,50 ,1169 ,4588 ,8007 1,1426
-,2 ,7 .30u( .8477 1,3954 1,9432
w ,2 56 ,3816 .9993 1,6171 2,2348

m. w w . w w 0 d w nf

POCK UN 1 PPIF

-3 , -1 +1 +2 +3

K40 t)IST NHPMAL 36.7621 4u,53 52,2?Pl 60,0000 67,7460 75,4919 83,2379
T?114 1)1ST R"'AL c.7596 10,0897 14,4199 18,7500 23,0801 27,4103 31,7404
fL?0 1)T31 [(IPNHAL c).136/ 14,0112 18.6;n6 23,7600 28,6344 33,5088 38,3833

U/K 1Ij1ST rI(IN!.AL -1,0389 -,6394 -,2399 ,1596 ,5591 99586 1,3581

U/TH D1)T 1I4RMAL -1.5747 -,89 65 -.2132 ,4600 1,1382 188165 2,4947
TH/K 1)1iST I AI)PtL. -1 1.4u0q -,Li 1 -,39 ,3344 .9127 1,4909 2,0692

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm Wwmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm w w~memmmmmmmmmm-wwww40.woww

0A

73 0 +1 +2 43

K40 1)1ST Nf'rFAL 1132,7 X10 197.8007 212,()3 228.0000 ?43,0997 258,1993 273,2990

61214 DST NHRWt'AL t ,4844 17,8229 23,1615 28,5000 33,8385 39,1771 44,5156
TL20 DIST NUR'AL 59,5215 68.88f ' 7P92'105 87,6000 96,9595 106,3190 115,6785
U/K 1I)St "0P>AL ,9731 -,6031 -,251 ,1369 .5069 ,8769 1,2469
U/Th I)1ST NrBAL .- 1,4093 -,8262 -,2l31 ,3400 ,9231 1,5062 ?,0893
TH/K DI)T NR1PMAL -1,483S -,8590 -,23'15 .3900 1,0145 1,6390 2,2635

wwww ---------------------------------------------------------------- w-----w---------a------- w 0 w ww ww w e w w 4 w m

-3 r) +1 +2 +3

n

?.IC K UN T



ROCK Ui T OD

"3 - 1 0 +1 +2 +3

K4 0 DIS3 uJIRN1AL 15i,7dh3 19,R575 183,9dH 198,0000 212,0712 226,1425 240.2137

RT,14 1)TS1' NiOkR AL 14,809P 20,113,)4 26,0W17 31.7000 37.3303 42,9606 48,590b

TL208 UIST lJiNkrAL. b4,0000 63,0o(1 72,0 Vi) 81,0000 90,0000 99,0000 108,M)00

U/K UI T Ndr)PAL -1 .0383 6391 -2598 .1594 .5586 .9579 1,3571

U/TH UII'T !J0RMAL l . a919 -. 2 -A.233 ,3960 1, 0253 1,6546 2.2039

TH/K DI1 LJPNtR AL "11. O0 -. AHo6 ",?253 .4400 1,1033 1,7666 2,4:300

UrCK UwNIT U0)

w 3 - "'1 0 +- +2 +3

KO 3I T IINI1"AL 1500,4308 1641,287? 178.1136 192,O0000 205,8564 219,7128 233,5692

4AI2114 ,T31 NPRMAL 11,4115 16,6077 21,b R i8 27,0000 32,1962 37,3923 42,5i85

TIr2o 1IST Nr)RMAL 39,1882 47.12 55,Ot?7 63,0x00 70,9373 78,8745 86.8118

U/K. IST r'(1RMAL -1,0000 -,64U0O .,,2 0 ,1600 ,5600 ,9600 1 6 600

U/TH D)IST 'J(RMAL -,5 500 ".8 6 -. 2233 ,u"00 1,1033 1,7666 2.4300

TH/K )IST ;(1RMAL ^1.3/71 .91.14 -,?4 )7 .3200 ,8857 1,4514 2.0171

RACK UT I I OE

-3 -2 -1 0 +1 +2 +3

K40 U13 T W N _A 169.21ea 183,8 1 110 198.ok)5 213.0000 227,5945 242,1890 256,7836

FT214 DST N (fRMAL 6,?524 10 .682 15,0841 19,5000 23,9159 28,3318 32.7476

TL?03 DI ST 4FlP +A. 30,7621 114.5081 52, 2 '4f) 60,0000 67,7460 75,4919 83.2379

U/K 0)ST r 4 )hHAL w.76)85 -,413 - ,2.)8 ,08,JU .3628 ,6457 ,9285

LI/TH )T8T N(URMAL -1.3711 -,8114 -,2'4 7 ,3200 ,8857 1,4514 2,0111

TH/K 1)IST NORMAL -wI ,1871 -,7181 -,2' 0 ,2200 .6890 1,1581 1,6271
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmin0 m0.mw ww+ w w wOR ww w OR O Nm w wm0.00 w NO w wGO SR w w m w ww m



POCK j ii )f,

-3 -2 -1 0 +1

D131 NORMAL. 183m4?16 19 .5477 213.6739 228,8000 243,9261 259,0523 2
<< D:ST 1IVRMAL 11. i539 16.7693 21,9S4b 27,2000 32,4154 37,6307

8 IST WN(RM1AL 3,6?(19 L4,a3 i 54,4)10 62,3000 70,1930 78,0861
0157 N(IPMAL -. 9291 -,5784 -,2277 ,1230 .4737 ,8244

DIST NJWRMAL -1.4093 ~.826 -. 2431 ,3400 ,9231 1,5062
0IST NrIkhAL -i.14093 -,3 P.2431 .3400 ,9231 1,5062

74,1784
42,8461
8589791

1,1751
2,0893
2,0893

ROCK Utj I T liGF)

on ' -1 0 +3+1

K40 OI3T NOrJrMAL 1/1,9990 186,6;93 201,3997 216,1000 230,8003 245,5007 260,2010

)121'4 fIST N11MAL C),p337 14,122 19,0112 23,9000 28,7888 33,6775 38,5663
TL208 I ST N(.1RMAL. 41,3019 49,14O1' 57,501t 65,6000 73,6994 81,7988 89,8981

1J/K 01ST HIIM1AL -',89P9 -,5613 -,d2% ,1140 ,4516 ,7893 1,1269

U/TH f19T N RMAL -1,4564 «,8071 -,2?S .3711 ,9803 1,5895 2,1986
TH/K 01ST NORMAL - ,3255 ",787o -,2r435 ,2900 ,8285 1,3670 1,9055

-----------------------------------------------------------------------------------------------------------------

0I,.

-3 -2 -1 0 +1 +2 +3

K40 ) i s NORMAL 44,4900 5?,8267 61,16.33 69,'i000 77.8367 86,1733 94,5100
H121.4 I)ST N OMAL 8.8879 13.725S 1 ,626 23,4000 28,2374 33,0741 37,9121

TL208 DTST NORMAL 30,1459 31.6659 14,88;? 52.100 59,3180 66,5361 73,7541
U/K Is r T HiriPfMAL .y,9517 -,5911 -,231)0 ,1300 .4906 ,8511 1,2117
U)/TH 0ST NOPMAL -1,5853 -,900r -. 2159 ,4688 1,1535 1,838? 2,5229

TH/K 9IST NORMAL -1.3432 -,79(/10 -,2471 ,300( ,8477 1,3954 1,9432
-------------------------------------------------------------------------------------------------------------------

K40

KT? P1.
TL 20
U/K
UJ/TH

TH/K

r1

Rf)C . 'JN 1 T



I1C K UJil T TAF

-3 - 1- +1 +2 +3Su

K04) D3IT N(JPMAL 236,4 2 253,400' ?70350. 2P87,39d0 304,?499 321,1996 338,1498

i?14 Dr T lINlFr AL p1,79)b 2 .,ly93I 34,5)b9 41,0000 47,4031 53,8062 60,2094

TL 20d DIST N4'7iP"AL 74.1738 84.4 59 9,6)19 104.900 115,1421 125,3841 135,6?62

U/K )IST NluRMAL -,9873 ".61 t -. 2.3d7 .11416 ,5179 ,8942 1,2105

U/THi i)1ST NI.IR AL -".49 06 ",8t,2o -, 3Th ,3951 1,0237 1,6522 2,OP 08

TH/K I)1 51 IirM1F AL ..i,LJ!t,( w,84?; -. 2393 ,36J() ,9673 1,5706 2,1740

Rf.CK J i T TDH

-3 -1 0 +1 +2 +3

KIJ0 DTi T !1()F" AL
t1 214 IUTsf I PAL.
TL.208 f) IST NFPMAL

U/K DIST N()R? AL
ll/TH 1EST l.1FrdMAL
TH/K DT ST (JURMAL.

165,6295 180,0 ) 3 19 i,5L 2 209.0000 %223,4568 237.9137 252,3105

1?,14644 17,81??9 23,1615 28,5000 33,8385 39,1771 44,5156
43,3432 51,595 59,047/ 68,1000 76,3523 84,6045 92,8568
-1,0281 -. b3V5 -,2389 ,1557 ,5503 j9449 1,3595

-1,5753 -- , 8 9 6 7  -,2181 ,4605 1,1391 1,8177 2,'4963

-1,3966 -,M?0' -,24/02 ,5320 ,9082 1,48411 2,0406

I;.Ch U1-4 [T TBk

-3

K NJ 0

HI214
TL 208
U/K
l/TH

Tai/K

-1 0 +1 +2 +3

DIST NURi^L 205,?fi2 1 ?21.18f31 237,09100 253,00)0 2)8,9060 284,8119 300,7179

DIST INrRMAL 17,6254 23,5836 29,W118 35,'000 41,4582 47,4164 53,3746

DIST tJRkAL b7, 79?6 77,6(11 87,5309 97.40)0 107,2691 117,1383 127,0074

DTST NP P"AL -. 9517 -,591' -,256 ,1300 ,4906 ,8511 1,2117
0T1ST NUF'IAL -1,11093 -,82?2c' -. ?231 .3400 ,9231 1,5062 2,0893

t)iST N(IR'IAL -1,1548 -,3'I6o -,2383 .3700 ,9783 1.5866 2,1948
-----------------------------------------------w-----------u------------------------------------------------

-. ?



RNCK ijJI T

w-2

K40 1IST N1 MAL 103,19 42
BP114 IST H('RMAL H,269h

TL208 DIST N(.PwAL 25,1084
U/ DT iT NM l 4AL --.1 .0574

U/TH DIST NlU1 MAL -1,6516
TH DI ST HOF.!AL - ,3955

1 1u,9 28 126.73114 138 .- 000 150,2686 162,0372 173,8058
13.0132 17,75)6 22,5000 27,2434 31,9868 36,7302
31.8/389 38,595 45,30o 52,0505 58,7611 65,4916

-,64 4 -,2 ,5 ,164 ,5743 ,9822 1,3902
- 2 -. 1987 ,52/7 1,2541 1,9806 2.7070

".8199 -. 02kt3 ,3313 ,9069 1,4825 2,0581
.r~~rrw~ m~N-w - ~ .1/ 1 w w m w wa w w w w w w w w w w w w w w w

RDlCK HIIT TGV

-2 -1 0 +1 +2 + 3

KN, D1 IST t Ak'rLA 137,Q750 15fl,A167 164,b5l3 178,00;)0 111,3417 204,6833 218,0250
BI21 TST t UkMAL. 11t,2?31 19,7881 25.3412 30,9000 36.4588 42,0176 117,5763

TL 20P, 1)131 I P SRAL 65.080 741787 84. 4913 94.2000 103.9057 113,6113 123,3170
U/K DIST HflC"MAL -,91bh -,6051 -.23S5 ,1361 ,5097 ,8813 1,2530

U/TH I)15T UCOkMAL -i.1215 -,8331 -. 2416 '3498 ,9412 1,5327 2,1241
IH/K [J ST rj)PM1AL 1,3603 ",(i03, -,.6, ,8 .3100 ,8668 1,'423a 1,9803

....w............................n........C' U. .............K...................... .......... m...........

F rjC: .U IT TK[)

-2 -1 0 +1 +2 +3

K40 DIST N(Rt'AL 1tW3.837P 17 A,?-50 192.6125r 207,0000 221,3675 235,7750 250,1625
HI21'A DTST NfIfBAL 11.2694 16,4463 21,h231 26,8000 31,9769 37,1537 42,3306
TL206 01ST rJk"AL 56.5045 65,66Q7 74, 343 84,0000 93,1652 102.3303 111,4955
U/K U)ST (i0kr4L -,8'167 -,5325 -, 16? .1000 ,4162 ,7325 1,0487
U/1H IST1 i N'dRM1AL -1,3432 -,7951 - ,1477 .3000 ,8477 1,3954 1, 132
TH/K 0IST tr4UiPAL -1,3075 -,7783 -,2492 ,2800 ,8092 1,3383 1,8675

--------------------------------------------------------------------------------------------------------------

TC

w-1 0 +1

'1

+3



RNCK UJNI1 TK0A

-1

K40 DIST ir11 AL 139.7')08 1' 3.1672 166.5836 1P,0,0U )U

13 1214 DIS 1 rMkt AL 1i,7864 19.p909 24, / 5 I 30, 30) U

TL20y DIST NtORAL 031 64,;2 3514 911 ,Th77 1011,7000

U/K D13T JR111;AL -1.0 517 -. 6464 -. 241 .16 3

I/TH 1ST NRAL -1.315 -,77 -. 24W. .66/

TH/K 1)1ST Nr(TR AL -1.70"17 r--94 -,th1a .58')

193,4164 206,8328
35,8045 41,3091
114.9323 125,1646

,5696 ,9750
,8279 1,3662

1.3416 2.1032

220,2492
46.H136

135.39b9
1,3603
1,9044

2,86147

RO C x ihT I TK1

-3 -1 +3+1

K)1) 1ST IrOk 4AL 253,5214 271.0143 2A8,5u71 306,0000 323.4929 340,9857 358,4786

I1I214 ( IST ' 'NMAL 30,7629 36,0083 05,21,u 5?,5000 59.7457 66,9914 74,2371

TL206 1ST NIOrHAL 714,2591 614, 061 94,75.0 105,00U0 115.2470 1d5,4939 135,7409
I./K n1S N1RHAL -,9395 --. 5Wv3 -. 2290 ,12102 ,4814 ,8367 1,1919

U/TH D1 7t1 NORMAL -- 1.63s7 -,0U24 -. ,24h) ,3085 ,8639 1,4194 1,9748

TH/K 0IST rioPrAL -- 1.5109 .,870o -,2S13 ,1100 1,0503 1,6906 2,3309
-------------- r.w~ w r.rw ww wo w.mmm m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m m mmwwwww wwww

ROCK UN I T

.3

1.1

-.1 0 +3+1

K110 D IS T rM.J(1AL 115,0(55 158,7236 172,3b8l IFR6,0000 199.6382 213,2764 226,9145

H121'$ D1ST ?JOP AL 12,5563 17,9042 23,2521 28,6010 33,9479 39,2958 44,6437

Tl.?0 0IST NORMAL 51.1721 59A9811 68,71n9 77,6000 A,4091 95,2182 101,0273
I/K TST 1)FMAL -1,0247 -, 316 -,2.mi6 .1545 .5476 ,9406 1,3337

U/TH 1)TDT N1rWAL -1.4757 -,8557 -,256 ,3845 1,0046 1,6247 2,2i47
TH/K D1sT NrIkhAL '1.5242 -. f61 ",22t;1 ,4200 1,0681 1,7161 2,36'42
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmwwwwwww

--3 ('I +1

+2



H 0CK 1.JN I T T11 J

-3

KIJ0 I? iST 1116,"AL. 196.9577

-Ii2114 P T T nrNfrAL. 13,5i683

TL208 )IST N(9R 1AL 41 .1389
i/K G I ST nk1MAL --. 951/1
U/TH 0IST 4IR'AL -14100

TH/K DI.ST tORi'AL -i.31132

-1 0 +1 +2

232,7182/8109213,0 259,0141 275,0282

19,O055 211,5?j 30,00.)0 35,4772 40,9545
'49.259 57.31)o 65.4000 73,4870 81,5741

-,5911 -,23f6 ,1300 ,4906 ,8511
~,30)0 w.2 {1 I,3600 .9b00 1,5600

-,7954,,3000 ,8477 1,3954
as--------------MV + ww w ww r FN O ~owG INw SOa II.n r g

+3

290,64?3
46,4317

89, ?11

2,1600
1,9432

ROCK UNIT TNPF

w ?-1

K40 DJ T N1)1A3 19,t4i5
41214 D)IST WIRMAL 31 .8393
TL208 D IST [1RMAL r>i.7522

-/K D -T T-- -AL -. 9166
1 /TH r)I'-T 'JtR!AL -1.4G88

TH"/n DIsr N rAL -1,4277

r0 7 .8937 ;?3.38 238,0UJ() 254,2532 269,7063 285,1595
17.0929 223-14 27,000 32,8536 38,1071 43,3607
64,6h82 73,9bi41 83,1000 92.2159 101,3318 110,4478

-,5 3 -,21't .119? .4645 ,8097 1,1550
-,2*-13397 ,9225 1,50514 2.0882

-- - -- -.- -, . .. 19 .9451 1,95383 2,1315

i OC , UN I I

-.3 -w

Ti

-1 0 +1 +2 +3

K40 1)1ST NliRMAL 177.3,10 192,?007 c!7,1003 222,0000 236,8997 251,7993- 266,6990

LI?i14 1)1ST 1,Pl 8,8383 12,2075 17,11I0 23,8075 33.1255 416,0904 64,1298
TL208 DIST NUR 1AL 47,2031 55.7354 h4,?677 72,8000 81,3323 89,8646 98,3969
U/K 1)1ST LING ,0370 .0545 .,07 3 .1153 ,1678 ,2442 ,3553
U/TN 1I)ST I.,(G .1319 179 ,2 ,3329 .4532 ,6170 ,8400

TIH/K D11ST LG .1959 ,2369 ,2 , .3465 .4190 ,5066 .6126
------------------------------------------------------------------------..4m.....................................................

-3 0 +1 +2 +3



P VCK UN+IT Ti-RPI F

-1

KU0 11ST 1NUAL 220.8b67 217,32'45
F3I211 1)IST HIPR AL 8,125 13,4(8 3
TL206 MIST IUtRMAL u4F,,6 NE) 57, 3257
U/K DF" i lit E L --. ,F07b -. 5i( 6
l/TU 1H S T I(ikrAL -1. 3r-d19 -, 805
TH/K DT)Sr ld1RMAL -1 .3u71 ".7781

253,7622 270.2000 286,6378 303,0755 319,5133
18, :0(42 23.0000 27,7958 32,5917 37,3675

.9629 74.6000 83,2371 91,8743 100,5114
-- ,20{ h ,(,4 ,3884 .6674 ,9864

-. ,31"' 1 ,8719 1, 4311 1,9903
-,,0 ,2 8 ,(1088 1.3377 1,5667

( JC K 1 JT T P .L

C) +1 +3

K 40 1) ST Lr, 11 ,3295 19.0 729 32. 1 o1 54.o0549 91,0005 153,197/ 257,9057
61214 D 13 T L. (G 2.( 106 ). 01/41 ,61 7h 14, * /1 / 25,6329 144 1 1569 76,0678

TL;208 DiST LPG 6,1313 1C,140Z4 17,1. )"0 2Q,9641 50,849:5 86,2917 1146,4377
U/K DI1 T N(IkAL -I,21M7 w.7342 -. 8 ,23'17 .7192 1,2036 1,6881
U/TH DlST N-1ORMAL -1.5653 -. 8928 -. 2 e .4523 1.1248 1,7974 2,4699

TH/K I'iT N IAL -1.,6213 -,9 .10 -. e 1 .501} 1.2U'71 1,9142 2,6213

I?' C<K UN IT T RP.13

-3

K40
8T21
1L..20
T/K

U / T H
TH/K

(I +31

)I9T aJOR(A 10A.000 120, 0000 13' .0r 1u4,00uG 156.0000 168.0000 180,0000
4 DIST 4URAL 84752 13.2501 18.0251 22,!'000 27.5749 32,3499 37,1148

d DIST UINRiAL 23.4820 30,054? 36.c2/'36 43,2000 49,7727 56,3453 62.9180
DI0T I4UPAL -, w,0G6 -,05u9 -. ? 1/ 1 aJ674 .5165 ,9857 1,3948
013T Hf1PM AL -I ,6h43 -. 022 2 -. r001 1 ,5200 1.2411 1,9622 2,;a833

DTS T H)PMAL -1.3132 , (54 -,?-/7 ,3000 .8477 1,3954 1,9432
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm..mm mmmmminmmmmmm'.'.

-3 0 +1 +3

'11

R)

-l



NUCK UNJIT TR ,

-3 2 -1 0 41 +2 +3

KLl0 1) f)T NURMAL 114.-6(22 1297148 139.2871 15x,000 163,9126 176,2252 188,5378
ri121?4 DTST LjUIMAL 6.125 1.136 1.4,9()68 19.300) 23.6932 28,0864 32,4795
TL20A DIST NPORAL r.2r06 28.7004 35,'('2 41,000 48,0498 54,4996 60,9494
U/K f)j37 0.)RMAL w.9639 -..9979 -,..?0 ,13I39 ,4998 ,8657 1,2317
U/TH LIST HN0RA41. -1,571'7 .31 5 -,2w 2 ,1i ( 1,1382 1,8165 2,4947

TH/K vlsI -1.2&9/ ,79M -?,499 ,27967699 1,2798 1,7897

fl(CK (InIT TT

-3 -2 (1 ) +1 +2 +3

-n( M )1-3 D)NAI.. 17),11 3F. 1F4. 7/b?5 199.* 3 214,Obu0 228,6287 243,2575 257,8862
HT214 ()1ST NRk'AL 20.2650 26.5100 32,7Th0 39,00(10 45,2450 51,4900 57,7350
1L208 ()iS r l4UI[nTAL. 55.t1181 c4.51a1 73.60 8?.7U0U 91,7940 100,8879 109,9819
I/; !1 f T b A lM41. -1 .1 3111 -. 690a - /2If . 19o .6404 1,0840 1,5277

U/TN ! -i>T r(rJ .AL "1.x91) ^.9016 -. tL2* . 400 1,1728 1,8656 2,55115
TH/K 0,iT N(4RMAL. h193 b.b529 -. SbL4 ,3800 9964 1,6129 2,2)293

POCK UNIT TV

-3 -1 0 + 1 +2 +3

K40 DIST !JUPAL 139.7508 153.1n72 166,336 1b 0,0000 193,4164 206,8328 220,2492
13121c( )ST IHFIAL 14,2967 19,6645 25. 3 2 31.0000 36,5678 42,1355 47,7033

TL206 DfiS rjpRkA 4c,0192 57.6795 066, 397 75,0000 83,6603 92,3205 100,9808
u/K D1fST ?JCR1AL4[ ". 9965 -,6161 -2S17 ,14+11 ,5251 ,9055 1,2859
U/TH DIST NJRM1AL -. 1h93 .A52?9 -,2;fS ,800 ,9964 1,6129 ?,?293
TH/K DIST NfirfaAL -l ,41V8 -. 81(14U -,2ah9 ,36h6 .9721 1,5776 ?,1830

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmww~wuww



- 1

K40 DIST Nl)RMAL 171,9092 18 6.6061

13T214 DIST rUFrIAL 1?,7003 18,0669

T1208 DIST IIk MAL 4H,358x 56,9721
iJ/K 1TST trJ1 MAL ^.W.9573 -. ,C13

1U/TH 1)IST LLJIRMAL 1.1169 .- , 5
TH/K DT3T "IRMAL -1.,,152

0

?i 1,30*1 216.t000 230
23, .)34 28, 8000 34

65.F51 74,201)O 8?

.- ,231.3

-,2436.3500

+1 +2 +3

,6969 245,3939 260,0908

,1666 39,5331 44,8997

,8139 91,4279 100 0418
,4948 ,857c3 1,209
.9964 186129 ?,1293
,9416 1,533? 2,1248
.. mmmm w m .. in w w w r~w w M mMwnn

r1CK l J IT

-'2 +1 +3()

Kt<'i DST IPR 1AL 166.5259 181.112 195.5 f16 210,0000 224,4914 238,9828 253,4741

91211} 11ST 0 1Rh,;AL 13.5683 1(1.0455 r24.5 28 30.00)0 35,4772 40,9545 46,4317

TL2f'6 11IST LHG 17, /333 28. i335 I4,t333 7().8100 112.3388 178,2235 282,7465

u1/ DJ.3T hr)fMAL -1.0n76 -. 62?2 -,2.19 .1485 ,5339 ,9192 1,3046

U/TH P1ST I)PMAL l-.5572 -. 869h w,-22 9 ,'458 1.1135 1,781? 2,4488

TH/K 013T tJf NRMAL -I,45 42 -,8463 -,?383 .,9b ,9775 1,5855 2,1Q34

XFH

,-3 (I +1 +2

K40 !Th3 1 iAL 151.0551 164 9367 178,8184 192.7010 ?06.5616 220,4633 234,3449

bIr'14 1IST 1R^1AL 11,6252 16,8501 22,051 27,3000 32.5249 37,7499 42,Q748

TL.208 DIST INFiRAI, 3.1903 41,7268 49,264 56.8000 64,3366 71,8732 79,4097

U/K DTST NIRfIAL ",9'177 -. 61b7 ",23'8 .1451 ,5260 ,906q 1,2N79

U/ TH 1ST I.(11IIAL - , 6521 ".9153 -. 19 ,5C282 1 , 2550 1,9817 2, 7685

THI/K f1ST 1 '4R AL -1.3248 '-.7867 -,2'485 .,28,,9 ,8277 1,3659 1,90(0
mmmmmmmmmmmmmmmmmmmmmm mmmmmmmmmmmmmmmmmmmmmmmmmwwwmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmww minww w ww w--ww tanwwww
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RDiCX UNiv T Tror

ROCK HNET



PUC K 0.1I 1T

(ST dinpo L * o18 " 195.000 21(.0000 ?25.00)0 24

13 [ wiP)MAL 11./115 16,h077 21.80'38 27,00)( 3
sT i : P ,AL / 1- * / / ,9.7 1t9 57,87 66. 0000 7

ST ')FrMAL -1 .497' -,86' 9 -?3235 ,4000
;T )Rr-AL - . 1075 -' 7789 '.i?*'U2 ,2800

0.0000 255,0000 270.0000
2,1962 37,3923 42,5885

4,1240 82,2481 90,3721
,4932 ,8553 1,?173

1.0325 1,6649 2,2974
.8092 1,3383 1,8675

Y .;

-3 -2 0 +3

K 0 1! )IS1 n)i1AL ?52. 9/29 2/0.4P486 ?h7,9?2 5 305,40t)OG 322,8757 3!40,3514 357,8271

N121'4 1IST iIJPlAL 26.7157 33.6305 u0.5152 47,4000 54,26148 u1, 1695 68,05113
T1.20h 1)St 1IIRMAL r0.7822 71,2 14 -1 .6607 89,10u0 98,5393 107,9786 117,4178

U/K )15T HIHAL -1.0306 .,6349 -. 2*19 ,1560 X5523 .9481 1,3438
u/fT (iST iiH4MAL .- 140 1 -,87'20 -.2'l1) .3 142 ,9123 1,4904 2,0685

TH/K D SI ? 'A, -1.627? -,9 6w -. 2055 .5053 1,2161 1,9270 2,6378

JrCK LNtIT KTPDL

0 +1 +2 +3

Kr ( Di )T ;.fP1AL 11 5,?577 1 5,505 137,75?b 15i0,.OU00 162.2474 17/4,4949 186,7(423
HI?214 OT3 TNIPOAL 17.2518 23.1678 ?9.b839 35.o0000 !!0,9161 '46,822 52,71482
TL208 DIST a1RiAL 14'4. l 52,865 60 ,6934 69,00(l0 77.3066 85,6132 93,9199

'/K DIS r1 MAL - . 2'2 ) --. 731( -,2 9iC8 ,2373 .7244 1,2116 1.6987

U/TH 1)1ST NlIRMAi "1.5/117 -,6965 -, 2182 ,4600 1.1382 1,8165 2,14947

TH/K DISf t uIRMAL -1.7047 --,9432 -,181) .5800 1,3416 2,1032 2.8647

K10 1)
121M I)

U/K< o
I1/ Tir ('

TH/K i)

0 +1 +2 +3

m

t.-n

-.1

1lt))CK UNr1T

-1



NO. SAMPLES

1368

1538

2031

EIGENVALUES

1)

2)

3)

1)
2)
3)

1)
2)
3)

1)

2)
3)

1)
2)

3)

1)
2)

3)

11076

643

168

1.816
.835
.349

1.611
1.031

.358

1.993
.653
.353

1.475
1.074
.451

1.923
.815
.262

1.534
.948
.517

% TOTAL VARIANCE

60.5
27.8
11.6

53.7
34.4
11.9

66.4
21.8
11.8

49.2
35.8
15.0

64.1
27.2
8.7

51.1
31.6
17.2

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
2

.864

.553

.874

.041

.894
.901

.766

.788

.886

.255
-.- 822
-.795

.904

.570

.884

.386
-. 846

-.819

-.286
.833

-. 244

.991
-. 179

.132

.597
-. 544
-.032

.932
-. 124
.436

-.218
.821

-. 307

.919
.139
.289

.414

.019
-.421

.129

.411
-. 414

-.238
-. 288

.462

-. 258

-. 455
.422

-. 368
.034
.354

.078

.515
-. 495

UNIT

KC

KF

-nl KJ DS

KL

KLF

KMW



GREELEY

NO. SAMPLES

1046

1259

906

EIGENVALUES

1)
2)

3)

1)

2)
3)

1)
2)
3)

1)
2)

3)

1)

2)

3)

1)

2)
3)

3342

177

299

1.597

.892

.511

1.477
1.194

.330

2.356
.430
.214

1.860

.881

.258

2.333
.447
.220

1.858
.906
.236

% TOTAL VARIANCE

53.2
29.7
17.0

49.2
39.8
11.0

78.5
14.3
7.1

62.0
29.4
8.6

77.8
14.9
7.3

61.9
30.2
7.8

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.820

.494

.825

.845

.050

.872

.874

.854

.929

.494

.880

.917

.924

.838

.881

.611

.781

.935

-. 273
.869

-. 250

-. 399

.961

.332

-. 426
.496

-.054

.867
-. 326
-. 155

.114
-. 533
.387

-.770
.559
.036

-.503
-. 012
.508

-.355
-. 272

.360

.233

.160
-. 366

.065
.346

-.367

-.365
.118
.270

-. 185
-. 278
.353

UNIT

KP

KPL

,'

KPM

KPU

MZ

PPC F



GREELEY

NO. SAMPLES

261

2347

3943

EIGENVALUES

1)

2)
3)

1)
2)
3)

1)
2)
3)

1)
2)
3)

1)
2)
3)

1)
2)

3)

4878

209

7357

2.226
.632
.142

2.570

.315

.114

1.705
1.030
.265

2.431
.410
.159

2.221
.673
.106

1.805

.963

.231

% TOTAL VARIANCE

74.1
21.1
4.7

85.7
10.5
3.8

56.8
34.3
8.8

81.0
13.7
5.3

74.0
22.4
3.5

60.2
32.1

7.7

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.827

.791

.957

.895

.920

.961

-. 224
.931
.888

.929

.843
.926

.735
.867
.964

-. 431
.938
.860

-.530
.592

-. 032

.435
-.348
-.072

-. 966

.060
-. 306

-. 236
.539

-. 253

.671
-.461
-. 098

.894

.041

.403

-. 188
-. 153

.289

.101

.181
-. 267

-. 131
-.359

.344

-. 285
.006
.280

.096

.192
-. 245

.125

.344
-. 312

UNIT

PPF

PPIF

T1

00
QA

QD

QDO

QE



GREELEY

NO. SAMPLES

3183

3192

140

EIGENVALUES

1)
2)

3)

1)
2)
3)

1)

2)
3)

1)

2)
3)

1)
2)
3)

1)

2)
3)

196

121

287

1.664
1.010

.326

1.453
1.022
.525

2.002
.828
.170

2.632
.240
.128

2.114
.807
.079

1.931
.740
.329

% TOTAL VARIANCE

55.5
33.7
10.9

48.4
34.1

17.5

66.7
27.6

5.7

87.7
8.0
4.3

70.5
26.9
2.6

64.4
24.7
11.1

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.188

.890

.915

. 301

.788

.862

.915

.544

.932

.-916

.941

.953

.643
.866
.975

.876

.651

.860

.976
-. 235

.029

.926
-. 403

.045

-. 284
.839

-.211

-. 398

.254

.132

.762
-.469
-. 085

.248
-.759

.321

.106

.391

-. 402

-. 227
-.466
.506

-. 287
-. 023
.295

.053

.225
-. 275

-. 082
-. 171

.206

-. 413
.033
.396

UNIT

QG

QGO

-n

QL

TAF

TBB

TC



GREELEY

NO. SAMPLES

508

1187

227

434

315

597

EIGENVALUES

1) 2.210
2) .507
3) .283

1) 2.293
2) .378
3) .330

1) 1.641
2) .817
3) .542

1) 2.224
2) .426
3) .350

1) 1.729
2) .908
3) .363

1) 2.390
2) .491
3) .119

% TOTAL VARIANCE

73.7
16.9
9.4

76.4
12.6
11.0

54.7
27.2
18.1

74.1
14.2
11.7

57.6
30.3
12.1

79.7
16.4
4.0

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.840 -.480 .253

.826 .525 .205

.907 -.033 -.420

.881 -. 207 .425
-.863 -. 503 .044
-. 878 .287 .383

.703 -.613 -.359

.680 .664 -. 312
.827 -. 024 .562

.867 .299 .398

.872 .221 -.436

.843 -. 536 .042

.584 .783 -. 216

.764 -. 541 -. 351

.897 -.048 .439

.818 -. 569 -. 085

.897 .391 -.205

.957 .120 .264

UNIT

TGV

TKD

Tn

NI
RO

TKDA

TKI

TM

TMI



GREELEY

UNIT

TNP

TO

_I

TRPIL

TRPJ S

TRPR

TT

NO. SAMPLES

453

1411

388

EIGENVALUES

1)
2)
3)

1)

2)
3)

1)
2)
3)

1)

2)
3)

1)
2)
3)

1)

2)
3)

1685

699

849

1.657
.972
.372

1.383
1.179

.438

2.591
.236
.172

2.001
.631
.368

1.945
.711
.343

1.922
.770
.308

% TOTAL VARIANCE

55.2
32.4
12.4

46.1
39.3
14.6

85.4
7.9
5.7

66.7
21.0
12.3

64.8
23.7
11.4

64.0
25.7
10.3

VARIABLE PRINCIPAL COMPONENT
1 2 3

.701

.596

.900

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

-. 124
.863
.790

.921

.926

.941

.745

.828

.872

.756

.759

.893

.868

.621

.884

-. 633
.755

-.008

-. 937
.291

-. 465

.365
-. 318
-. 045

-. 656
.417
.164

.599
-. 594
-. 003

-. 313
.783

-. 243

-. 329
-. 271
.436

-. 327
-. 413

.400

.137

.204
-.335

.123

.375
-. 461

.263

.267
-.450

.385

.030
-.399



GREELEY

NO. SAMPLES

630

5102

1 8684

EIGENVALUES

1)
2)
3)

1)
2)
3)

1)

2)
3)

1)
2)

3)

1)
2)
3)

1)

2)

3)

9420

8846

20322

2.524
.385
.091

1.702
.786
.512

2.151
.619
.231

2.420
.377
.203

2.040
.576
.384

2.151
.521
.328

% TOTAL VARIANCE

84.1
12.8
3.0

56.7
26.2
17.1

71.7
20.6
7.7

80.7
12.6
6.8

68.0
19.2
12.8

71.7
17.4
10.9

VARIABLE

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

K
U
T

PRINCIPAL COMPONENT
1 2 3

.915

.867

.967

.645
-. 777
-.826

.920

.750

.861

.886

.875

.932

.816

.786

.870

.853

.801

.884

.365
- .492
.096

-. 752
-.434
-. 179

-. 144
.653

-. 414

-. 409
.456

-. 040

.477
-. 585

.081

-.389
.588

-. 158

-. 171
-. 081

.235

.135
-.456

.535

.363
-. 107
-. 295

-. 217

-. 163
.359

.327

.199
-. 487

.349

.113
-.439

UNIT

TV

TWR

r\-

XB

X FH

XG

YG



GREELEY

NO. SAMPLES

245

EIGENVALUES

1) 2.120
2) .600
3) .280

% TOTAL VARIANCE

70.7
20.0

9.3

VARIABLE

K
U
T

PRINCIPAL COMPONENT
1 2 3

.873 .332 .358

.749 -. 661 .045

.893 .230 -. 388

UNIT

KTRDC

-1
R)





APPENDIX G

TAPE FORMATS





SINGLE RECORD REDUCED DATA TAPE

REFERENCE: PARAGRAPHS 4.7.2 AND 6.1.5, BFEC 1200-B

The SINGLE RECORD REDUCED DATA TAPE is unlabeled nine
track, 800 BPI, NRZI. All data recorded as EBCDIC
characters. Each tape contains but one file of header,
data, and trailer records for no more than one NTMS
quadrangle. The maximum record length is 5472 characters.

The tape is organized such that each flight line of data is
preceded by a header record and followed by a trailer
record. If a flight line is not complete on a given
physical tape, no trailer record follows its last data
record on the first tape, nor does a header record precede
its first data record on the second tape.

Header Record

The header record is 144 characters long with six defined
data fields. These fields are:

1. Type of tape. A 32 - character field with the text
"SINGLE RECORD REDUCED DATA" left justified.

2. Project identification. A 32-character field with,
for example, the text "NTMS NL 16-1,2 RAWLINS"
left justified. With the exception of special
projects, such as the Lake Mead Dynamic Test Range,

all project identification fields begin with "NTMS"
followed by the sheet number. Additional
information may be abbreviated.

3. Subcontractor name. A 10-character field with the
text "GEOMETRICS".

4. System Identification. A 6-character field with
the aircraft registration number right justified.

5. Flight line number. A 6-character field with the
flight line number right justified.

6. Date flown. A 6-character field with the date,
expressed as YYJJJ, right justified. YY are the

last two digits of the calendar year and JJJ is the
Julian date. When reflights require the insertion
of the data from multiple days' flying, the date
used is that of the original flight.



The remaining 52 characters of the header record are blank
filled. A length of 144 characters was chosen to allow for
future expansion and because 144 is divisible by the number
of characters per word of many popular computers.

Data Record

Each data record may contain up to 38 data scans (logical
records), with each scan 144 characters long. Therefore,
the minimum physical length of a data record is 144
characters and the maximum physical length is 5472
characters.

The data scan has eighteen defined data fields.

1. Record identification number F10.2 1-1(
2. Latitude in degrees F10.4 11-2(
3. Longitude in degrees F10.4 21-30
4. Residual magnetic field in gammas F15.2 31-4.
5. Terrain clearance in feet F 5.0 46-5(
6. Surface geologic map unit A10 51-60
7. Quality flag code (AKUT) F 8.1 61-6L
8. Cosmic count rate, in cps F 8.1 65-7;
9. Asmospheric Bi-214 count rate, in cps F 8.1 73-8L
10. Gross count rate (0.4-3.0 MeV), in cps F 9.1 81-89
11. Thorium (TI-208) count rate, in cps F 9.1 90-9
12. Uranium (Bi-214) count rate, in cps F 9.1 99-11
13. Potasium (K-40) count rate, in cps F 9.1 108-116
14. Uranium/Thorium count rate ratio F 6.3 117-1?
15. Uranium/Potassium count rate ratio F 6.3 123-10
16. Thorium/Potassium count rate ratio F 6.3 129-134
17. Outside air temperature, in degrees C F 5.1 135-130
18. Barometric pressure, in inches of mercury F 5.2 140-19

Trailer Record

A trailer record follows the last data record for each
flight line. This record is always 5472 characters long,
all of which are the digit nine.
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STATISTICAL ANALYSIS TAPE

REFERENCE: PARAGRAPHS 4.7.3 AND 6.1.5, BFEC 1200-B

The STATISTICAL ANALYSIS TAPE is unlabeled nine track, 800
BPI, NRZI. All data recorded as EBCDIC characters. The
maximum record length is 5472 characters. Each tape
contains but one file of data for no more than one NTMS
Quadrangle.

For each NTMS Quadrangle, the first record(s) on the tape
contain summary information for all the geologic map units
within the quadrangle. This summary information is
followed by averaged record data for each survey flight
line.

The tape is organized such that the summary geologic
information and each flight line of data are preceded by a
header record and followed by a trailer record. If a

flight line is not complete on a given physical tape, no

trailer record follows its last data record on the first
tape, nor does a header record precede its first data
record on the second tape.

Header Record

The header record is 144 characters long with four defined
fields for the summary geologic information and six defined
fields for the averaged record data. The fields in common
are:

1. Type of tape. A 32-character field with the text
"STATISTICAL ANALYSIS" left justified.

2. Project Identification. A 32-character field with,
for example, the text "NTMS NL 16-1,2 RAWLINS" left
justified. All project identification fields begin

with "NTMS" followed by the sheet number.
Additional information may be abbrevated.

3. Subcontractor name. A 10-character field with the
text "GEOMETRICS".

4. System Identification. A 6-character field with
the aircraft registration number right justified.

The additional fields for the averaged record data are:

5. Flight line number. A 6-character field with the
flight line number right justified.
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6. Date flown. A 6-character field with the date,
expressed as YYJJJ, right justified. YY are the
last two digits of the calendar year and JJJ is the
Julain date. When reflights require the insertion
of data from multiple days' flying, the date used
is that of the original flight.

Undefined fields of the header record are blank filled. A
length of 144 is divisible by the number of characters per
word of many popular computers.

Trailer Record

A trailer record follows the last data record for the
summary geologic information and the averaged record data
for each flight line. This record is always 5472
characters long, all of which are the digit nine.

Summary Geologic Information Record

Each summary geologic Information Record may contain up to
38 geologic map units (logical records), with each logical
record 144 characters long. Therefore, the minimum
physical length of the summary geologic information record
is 144 characters and maximum physical length is 5472
characters.

The summary geologic information logical record has
nineteen defined data fields.

1. Geologic map unit A10,2X 1-12
2. Potassium Distribution A2 13-14
3. Potassium measure of central tendency F10.4 15-24
4. Potassium standard deviation F10.4 25-34
5. Uranium distribution type A2 35-36
6. Uranium measure of central tendency F10.4 37-46
7. Uranium standard deviation F10.4 47-56
8. Thorium distribution type A2 57-58
9. Thorium measure of central tendency F10.4 59-68
10. Thorium standard deviation F10.4 69-78
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11. Uranium/Thorium distribution type A2 79-80
12. Uranium/Thorium measure of central

tendency F10.4 81-90
13. Uranium/Thorium standard deviation F10.4 91-100
14. Uranium/Thorium distribution type A2 101-102
15. Uranium/Potassium measure of central

tendenccy F10.4 103-112
16. Uranium/Potassium standard deviation F10.4 113-122
17. Thorium/Potassium distribution type A2 123-124
18. Thorium/Potassium measure of central

tendency F10.4 125-134
19. Thorium/Potassium standard deviation F10.4 135-144

The distribution type field is coded NM for normal
distributions and LN for log normal distributions. The
measure of central tendency (mean/median) and standard
deviation are in units appropriate to the distribution.

Data Record

Each record of averaged record data may contain up to 38
data scans (logical records), with each scan 144 characters
long. Therefore, the minimum physical length of a data
record is 144 characters and the maximum physical length is
5472 characters.

The data scan has the following defined data fields:

1. Record identification number F10.2 1-10
2. Latitude in degrees F10.4 11-20
3. Longitude in degrees F10.4 21-30
4. Redisual magnetic field in gammas F15.2 31-45
5. Surface geologic map unit 5X,A10 46-60
6. Quality flag code (AKUT) A4 61-64
7. Gross count rate (0.4-3.0 MeV),in CPS F7.1 65-71
8. Atmospheric Bi-214 count rate,in CPS F7.1 72-78
9. Thorium (T1-208) count rate, ic CPS F7.1 79-85
10. Uranium (Bi-214) count rate in CPS F7.1 86-92
11. Potassium (K-40) count rate in CPS F7.1 93-'99
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12. Thorium standard deviations from the
mean F4.1 100-103

13. Uranium standard deviations from the
mean F4.1 104-107

14. Potassium standard deviations from
the mean F4.1 108-111

15.
a. Uranium/Thorium count rate ratio F7.3 112-118
b. Uranium/Thorium standard deviation

from the mean F4.1 119-122
16.

a. Uranium/Potassium count rate ratio F7.3 123-129
b. Uranium/Potassium standard deviation

from the mean F4.1 130-133
17.

a. Thorium/Potassium count rate ratio F7.3 134-140
b. Thorium/Potassium standard deviations

from the mean F4.1 141-144
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MAGNETIC DATA TAPE

REFERENCE: PARAGRAPHS 4.7.4 AND 6.1.5, BFEC 1200-B

The MAGNETIC DATA TAPE is unlabeled nine track, 800 BPI,
NRZI. All data re recorded as EBCDIC characters. Each
tape contains but one file of header, data, and trailer
records for no more than one NTMS quadrangle. The maximum
record length is 4800 characters.

The tape is organized such that each flight line of data is
preceded by a header record and followed by a trailer
record. If a flight line is not complete on a given
physical tape, no trailer record follows its last data
record on the first tape, nor doed a header record precede
its first data record on the second tape.

Header Record

The header record is 120 characters long with defined data
fields. These fields are:

1. Type of type a 32-character field with the text
"MAGNETIC DATA" left justified.

2. Project identification. A 32-character field with,
for example, the text "NTMS NL 16-1,2 RAWLINS" left
justified. All project identification fields begin
with "NTMS" followed by the sheet number.
Additional information may be abbreviated.

3. Subcontractor name. A 10-character field with the
text "GEOMETRICS".

4. System identification. A 6-character field with
the aircraft registration number right justified.

5. Flight line number. A 6-character field with the
flight line number right justified.

6. Date flown. A 6-character field with the date,
expressed as YYJJJ, right justified. YY are the

last two digits of the calendar year and JJJ is 'the
Julian date. When reflights require the insertion
of data from multiple days' flying, the date used
is that of the original flight.

The remaining 28 characters of the header record are blank

filled. A length of 120 characters was chosen to allow for
future expansion and because 120 is divisible by the number
of characters per word of many popular computers.
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Data Record

Each data record may contain up to 40 data scans (logical
records), with each scan 120 characters long. Therefore,
the minimum physical length of a data record is 120
characters and the maximum physical length is 4800
characters.

The data scan has eleven defined data fields.

1. Record identification number F10.2 1-10
2. Latitude in degrees F10.4 11-20
3. Longitude in degrees F10.4 21-30
4. Time in day (hour, minutes, seconds) 312 31-36
5. Terrain clearance in feet F9.0 37-45
6. Barometric pressure in inches of mercury F5.2 46-51
7. Surface geologic map unit A10 51-60
8. Total magnetic field in gammas F10.2 61-70
9. Residual magnetic field in gammas F10.2 71-80
10. Optional data 30X 81-11
11. Base station magnetic field in gammas F10.2 111-12

Trailer Record

A trailer record follows the last data record for each
flight line. This record is always 4800 characters long,
all of which are the digit nine.
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RAW SPECTRAL DATA TAPE

REFERENCE: PARAGRAPHS 4.7.1 AND 6.1.5, BFEC 1200-B

The RAW SPECTRAL DATA is unlabeled nine track, 800 BPI,
NRZI. All data are recorded as EBECIC characters. Each
tape contains but one file of header, data, and trailer
records for no more than one NTMS quadrangle. The maximum
record length is 5472 characters.

The tape is organized such that each flight line of data is
preceded by a header record and followed by trailer record.
If a flight line is not complete on a given physical tape,
no trailer record follows its last data record on the first
tape, nor does a header record precede its first data
record on the second tape.

Header Record

The header record is 144 characters long with seven defined
data fields. These fields are:

1. Type of type. A 32-character field with the text
"RAW SPECTRAL DATA" left justified.

2. Project identification. A 32-character field with,
for example, the text "NTMS NL 16-1,2 RAWLINS" left
justified. With the exception of special projects,
such as the Walker Field Test Pads and Lake Mead
Dynamic Test Range, all project identification
fields begin with "NTMS" followed by the sheet
number. Additional information may be abbreviated.

3. Subcontractor name. A 10-character field with the
text "GEOMETRICS".

4. System Identification. A 6-character field with the
aircraft registration number right justified.

5. Flight line number. A 6-character field with the
flight line number right justified.

6. Date flown. A 6-character field with the date,'
expressed as YYJJJ, right justified. YY are the

last two digits of the calendar ylear and JJJ is
the Julian date.

7. Sample period. A 6-character field dexcribing the
spectrometer accumulation time. Examples are: 1.0

SEC, 0.5 SEC, etc.
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The remaining 46 characters of the header record are blank
filled. A length of 144 characters was chosen to allow for
future expansion and because 144 is divisible by the number
of characters per word of many popular computers.

Data Record

Each data record may contain up to four data scans (logical
records), with each scan 1368 characters long. Therefore,
the minimum physical length of a data record is 1368
characters and the maximum physical length is 5472
characters.

The data scan has fifteen defined data fields.

1. Record identification
2. Latitude in degrees
3. Longitude in degrees
4. Time of day (HHMMSS)
5. Total magnetic field in gammas
6. Terrain clearance in feet
7. Barometric pressure in inches

mercury
8. Outside temperature in degrees
9. Quality flag code (altitude)
10. Raw count data - 4 detector
11. Live time - 4 detector -

in seconds
12. Raw count data - 2 detector
13. Live time - 2 detector -

in seconds
14. Cosmic - 4 detector
15 Cosmic - 2 detector

C

F10.2
F10.4
F10.4
312
F 9.2
F 5.0

F 5.2
F 5.1

14
25513

F10.5
25512

F10.5
I5
14

1-10
11 -20
21 -30
31 -36
37-45
46-50

51-55
56-60
60-64
65-829

830-839
840-1349

1350-1359
1360-1364
1365-1368

If a scan is not within the recovered path locations, the
latitude and longigute, data fields 2 and 3, set to 0.0000.

The quality flag code, data field 9, is made equal to 0000
if the radar altimeter is within specifications and equal
to 1000 if the radar altimeter is not within
specifications.
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The raw count data, fields 10 and 12, are presented for
channels 0 through 254, corresponding to energies from 0 to
3 MeV for both the downward looking (4 ) and upward
looking (2 ) detector arrays. The accumulation periods
for the 4 and 2 detectors are indentical, so each scan
has data for both detectors. The counts in each channel
are observed, with no corrections for ADC dead time nor
conversion to counts per second. Energy per channel is
11.82 KeV. Since the spectrometer does not respond to
energies below 200 KeV, the counts in channels 0 through 17
will always be zero.

The alive times, data field 11 and 13, are calculated by
subtracting the product of the gross counts (Oto 6 MeV) and
ADC dead time (8 sec) from the actural acccumulation
period for the data scan. This procedure is valid because
the succesive approximation ADC used has a fixed conversion
time of 8 sec regardless of pulse amplitude.

The cosmic counts, data fields 14 and 15, are as observed,
with no corrections for ADC dead time nor conversion to
counts per second.

The data scan logical record length of 1368 characters was
chosen to allow recording of all spectrometer channels for
both 4 and 2 detectors with little chance of individual
channel overflow given accumulation times of approximately
one second. If overflow does occur, the overflow value is
represented modulo 1000 (4 detector) or modulo 100 (2

detector) with leading zeros not suppressed. The specific
valure of 1368 characters was chosen because it is
divisible by the number of characters per word of many
popular computers.

Trailer Record

Trailer record follows the last data record for each flight
line. This record is always 5472 characters long, all of
which are the digit nine.
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PRODUCTION SUMMARY

ROTARY WING

DATE

08-09-77

08-10-77

08-11 -77

08-12-77

08-13-77

08-14-77

08-15-77

08-18-77

08-19-77

08-20-77

08-21-77

08-22-77

08-23-77

08-24-77

08-25-77

08-29-77

08-30-77

08-31-77

09-01-77

09-02-77

09-03-77

to 08-17-77

to 08-28-77

REMARKS

Ferry to Saratoga. Wyoming -
set up base.

267 line miles.

399 line miles.

372 line miles.

279 line miles.

364 line miles.

Ferry to Fort Collins, Colorado.

Rain.

Rain.

457 line miles.

228 line miles.

240 line miles.

387 line miles.

187 Line miles.

Weather - Rain and snow. Move to
Estes Park, Colorado.

Equipment unserviceable.

249 Line miles.

271 line miles.

93 line miles.

185 line miles.

62 line miles.
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PRODUCTION SUMMARY

ROTARY WING

DATE

09-04-77

09-05-77

09-06-77

09-07-77

09-08-77

09-09-77

09-10-77

09-11 -77

09-12-77

09-14-77

09-15-77

09-16-77

09-17-77

09-18-77

09-19-77

09-20-77

09-21-77

09-24-77

09-25-77

09-26-77

09-27-77

REMARKS

to 09-13-77

to 09-23-77

132 Line mi les.

135 line miles.

337 Line miles.

239 Line miles.

RefL ights.

Moved Diurnal to Golden.

95 Line miles' ferry to Golden.

Weather.

Weather rain.

357 Line miles.

68 line miles.

272 line miles.

305 Line miles.

141 line miles.

Aborted, temperature inversion.

224 line miles.

Weather; high winds; temperature
inversion.

208 line miles.

313 line miles.

55 line miles.

Abort - temperature inversion.
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PRODUCTION SUMMARY

ROTARY WING

DATE

09-28-77

09-29-77

09-30-77

1 0-01 -77

10-02-77

10-03-77

10-04-77

10-05-77

10-06-77

10-07-77

10-08-77

10-09-77

1 0-1 0-77

10-11-77

10-12-77

1 0-1 3-77

10-14-77

10-15-77

10-16-77

10-17-77

10-1 8-77

REMARKS

Ferry to Woodland Park.

328 line miles.

133 line miles.

106 line miles.

323 line miles.

107 line miles - high winds.

Weather, high winds.

Weather, radon high.

Tail rotor repairs.

Weather, high winds.

89 line miles, high winds.

312 line miles.

21 line miles, high winds.

Weather, snow.

405 line miles.

463 line miles.

312 line miles.

Weather.

120 line miles, high winds.

Test flight only' nil production.

Ferry to Dillon.
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PRODUCTION SUMMARY

ROTARY WING

DATE

10-19-77

10-20-77

10-21 -77

10-22-77

10-23-77

10-24-77

10-25-77

10-26-77

10-27-77

10-28-77

10-29-77

10-30-77

1 0-31 -77

11-01-77

11-02-77

11-03-77

11 -04-77

11-05-77

11-06-77

11 -08-77

to 11-07-77

REMARKS

110 Line miles.

212 line miles.

Weather, low clouds and fog.

57 line miles. high winds.

110 Line miles.

Ferry to Canon City.

326 line miles.

238 line miles.

206 line miles.

307 line miles.

Weather, low clouds and fog.

245 Line miles.

246 line miles.

235 line miles.

355 Line miles.

211 Line miles. High winds.

9 line miles. High winds,
low clouds.

134 line miles. High winds.
low clouds.

Weather.

Weather.
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PRODUCTION SUMMARY

ROTARY WING

DATE

11-09-77

11-10-77

11-11-77

11-12-77

11 -13-77

11-14-77

11-15-77

11-16-77

11 -17-77

11-18-77

11-19-77

11-24-77

11-25-77

11-26-77

11-27-77

11-28-77

11-29-77

REMARKS

to 11-23-77

Weather.

Weather.

Weather.

Weather. High winds.

Weather. High winds.

48 line miles. High winds.

162 line miles.

Weather. High winds.

111 Line miles. High winds.

8 line miles. High winds.

Weather. High winds.

Weather. High winds.

175 line miles.

Weather. High winds.

Weather. High winds.

Operations suspended due to
weather problems.

Aircraft and crew left Canon City.

H5



PRODUCTION SUMMARY

ROTARY WING

DATE

07-31-78

08-01 -78

08-02-78

08-03-78

08-04-78

08-05-78

REMARKS

150 line miles.

36 miles. Weather. rain.

207 miles.

Nil production. Low clouds.

NiL production. Low clouds.

231 miles.

Completion of Helicopter portion of

Rockies/Laramie Project Area.
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PRODUCTION SUMMARY

FIXED WING

DATE

10-26-77

10-27-77

10-28-77

10-29-77

10-30-77

10-31 -77

11-01-77

11-02-77

11-07-77

to 11-06-77

11-08-77 to 11-25-77

11-26-77

11-27-77

11-29-77

11-30-77 to 12-02-77

REMARKS

Ferry. Rock Springs.

Survey preparation.

552 Line miles.

392 Line miles.

Nil production. weather,
high winds.

708 Line miles.

708 Line miles.

Aircraft equipment problems.

Temporary suspension of operations;
aircraft and crew returned to Tulsa.

Equipment repairs. tests,
calibrations, etc.

Aircraft ferry, Grand Junction -
Test pad checks - aircraft ferry
to Las Vegas.

Lake Mead Test Preparations.

Awaiting data approval.

Awaiting data approval.
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PRODUCTION SUMMARY

FIXED WING

DATE

12-03-77

12-04-77

12-05-77

12-09-77

to 12-08-77

07-12-78 to 07-16-78

07-17-78

07-18-78

07-19-78

07-20-78

07-21-78

07-22-78

07-23-78

07-24-78

07-25-78

07-26-78

07-27-78

07-28-78

07-29-78

07-30-78

REMARKS

Ferry - Grand Junction to Pueblo.

474 Line miles.

Weather. High winds.

Survey suspended for flying
season due to weather.

Remobilize and ferry to Cheyenne
for start of survey to finish
Rockies/Laramie area.

832 Line miles.

538 Line miles.

593 line miles.

Weather. Rain.

Weather. Low clouds high winds.

Equipment. Radar altimeter
unserviceable.

679 line miles.

Equipment unserviceable.

1075 line miles.

726 line miles.

766 line miles.

524 line miles.

Weather. Low clouds rain.

811 Line miles.
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PRODUCTION SUMMARY

FIXED WING

DATE

07-31-78

08-01 -78

REMARKS

562 line miles.

Aircraft and crew move to
Pueblo from Cheyenne.

08-02-78 to 08-04-78 Weather.

08-05-78 696 miles.

08-06-78 623 miles.

08-07-78 762 miles.

08-24-78 594 miles.

08-25-78 Weather.

08-26-78 652 miles.

08-27-78 Weather.

08-28-78 585 miles.

08-29-78 500 miles.

08-30-78 .514 miles.

08-31-78 707 miles.

Completion of Fixed Wing portion of

Rockies/Laramie Project.
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APPENDIX I

MICROFICHE OF DATA
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