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This report is a result of work performed by Geodata International, Inc.. through a Bendix
Field Engineering Corporation Subcontract, as part of the National Uranium Resource
Evaluation. NURE is a program of the U.S. Department of Energy's Grand Junction.
Colorado. Office to acquire 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.

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees. makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information. apparatus.
product. or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product-process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation. or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof



AERIAL RADIOMETRIC AND MAGNETIC SURVEY

BISMARCK NATIONAL TOPOGRAPHIC MAP

NORTH DAKOTA

NEBRASKA-DAKOTAS PROJECT

PREPARED FOR THE U.S. DEPARTMENT OF ENERGY
GRAND JUNCTION OFFICE

GRAND JUNCTION, COLORADO

UNDER BENDIX FIELD ENGINEERING SUBCONTRACT NO. 80-459-S
BY

GEODATA INTERNATIONAL, INC.
DALLAS, TEXAS

The results of analyses of the airborne gana radiation and total

magnetic field survey flown for the region identified as the

Bismarck National Topographic Map NL14-4 is presented in this report.

The airborne data gathered is reduced by ground computer facilities to

yield profile plots of the basic uranium, thorium and potassium equiea-

Lent gamma radiation intensities, ratios of these intensities, aircraft

altitude above the earth's surface, total gamma ray and earth's magnetic

field intensity, correlated as a function of geologic units. The

distribution of data within each geologic unit, for all surveyed map

lines and tie lines, has been calculated and is included. Two sets of

profiled data for each line are included, with one set displaying the

above-cited data. The second set includes only flight line magnetic

field, temperature, pressure, altitude data plus magnetic field data a.

measured at a base station. A general description of the area, in-

cluding descriptions of the various geologic units and the correcponding

airborne data, is included also.

Geodata International, Inc.
7035 John W. Carpenter Freeway

Dallas, Texas 75247
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SECTION I.

INTRODUCTION

A. SURVEY AREA

Geodata International, Inc., Dallas, Texas, conducted an airborne
gamma ray and total magnetic field survey for the Bismarck National
Topographic Map Sheet as outlined in Figure I.1. This survey was
performed from a fixed-wing aircraft, using a computer-controlled,
large-volume radiation detector system to detect the gamma radia-
tion flux emanating from the surface materials. Each map line was
flown in an east-west direction with line lengths of 94.5 miles;
each tie line was flown in a north-south direction with line
lengths of 69.0 miles. Map lines and tie lines are located as
shown in Figure II.1.

Sections I through IV of this report present information and
results associated with this specific survey. Section V gives the
data acquisition and the processing procedures which are generally
applicable to any survey flown with the equipment described.

B. SUMMARY of MAP LOCATION, GEOLOGY and PHYSIOGRAPHY

The Bismarck map sheet area (Figure 1.2) is located in southcentral
North Dakota and bounded by longitudes 100000' to 102000' west,
latitudes 46000' to 47000' north. The map region is included
within two distinct sections of the Great Plains physiographic
province; namely, the Glaciated Missouri Plateau section, and the
Unglaciated Missouri Plateau section. The land surface is generally
characterized as irregular and rolling. Elevations range from
approximately 2,500 to 1,700 feet above sea level.

Deposition in the Bismarck map area has reportedly been affected by
a synclinal basin, the Lemmon Syncline, since the Paleozoic Era.
Fluctuations of the region with respect to sea level have been
responsible for producing unconformable surfaces at the top of the
Paleozoic sequence and elsewhere throughout the column. Most of
the area was mantled with glacial detritus during the Pleistocene.
Eolian and fluvial processes have continued to affect the region to
the present time.
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SECTION II.

FLIGHT OPERATIONS

A. SURVEY TIME SUMMARY

The Bismarck map sheet was flown between July 26 and July 28,

1980. A detailed list of dates flown and lines flown on those

dates, as well as average altitude and speed for those dates,

appears in Appendix I.A.

B. LINE COORDINATE LOCATION

Doppler navigation system data have been used to locate the posi-
tions of the flight lines. These lines are positioned and verified

by point locations, determined by visual sighting by the navigator
or photographic recovery, and corresponding record numbers dis-
played by the on-board computer. The data are then plotted as

solid lines with ticks every ten records, circles every fifty
records, and record numbers every one hundred records. Record
numbers and circles also appear at the end of each line. The

points used for location reference (at least every 10 miles) are
marked with an "X". The flight base is then photographed with the

geologic base map to produce the composite map in Figure II.1.

C. TEST LINES

When conditions allow, two five-mile test lines are flown, one at
the beginning of the day and one at the end of the day, over the
same base. The data are used to check the repeatability of the

system's measurements, and are presented in Appendix I.B.

D. MAGNETIC DIURNAL CORRECTION - BASE STATION

A base station magnetometer is set up in the area to acquire data

pertaining to the diurnal changes in the magnetic field. These

data are analyzed to evaluate a diurnal correction to the magnetic

data obtained by the aircraft. A list of these corrections appears
in Appendix I.C.

E. ALTITUDE AND GROUND SPEED SUMMARY

The average altitude and ground speed for each line is determined.

A list by date appears in Appendix I.A, and is discussed in Section

II.A. A list by flight line is given in Appendix I.E.

II-1
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SECTION III.

GEOLOGY of the SURVEYED AREA

A. LOCATION and GENERAL PHYSIOGRAPHY

The aerial radiometric and magnetic survey was conducted over a
portion of southcentral North Dakota. The Bismarck National
Topographic Map Sheet area (N.T.M.S., 1954) is bounded by longi-
tudes 100000' to 102000' west and latitudes 46000' to 47u00' north.
The map region includes all or part of the following counties in
North Dakota: Burleigh, Emmons, Grant, Kidder, Morton, and Sioux.
A portion of the Standing Rock Indian Reservation is also included
in the map sheet area.

The Bismarck Quadrangle lies mainly within the Glaciated Missouri
Plateau section of the Great Plains province. The Unglaciated
Missouri Plateau section of the map lies southwest of the Cannon-
ball River. The northeastern corner of the area is described by
Fenneman (1928) as the Coteau du Missouri, a morainal shelf of
ancient, glacial-lake deposits.

Drainage in the Bismarck map area is accomplished chiefly by the
Missouri River, which dissects the eastern two-thirds of the area
and trends generally to the north. Flowing into the Missouri River
from the west is the Cedar Creek River. A smaller stream, the
Heart River, drains the northern half of the map sheet area
into the Missouri Basin.

The land surface west of the Missouri River is irregular and rolling;
it increases in elevation very gradually into the butte and mini-
badlands area east of the Little Missouri River. It is deeply cut
by the entrenched streams flowing from the west. Relatively flatter
areas of land are used for agricultural purposes. Buttes and hills
extend up to the escarpment west of the Missouri River. East of
the river, however, the terrain flattens out considerably into a
morainal plain with very rich soil. There are many lakes and dry
lake beds present, remnants of glacial action.

The total relief in the map sheet area is approximately 800 feet.
Elevations range from approximately 2,500 feet above sea level in
the southwest to 1,700 feet in elevation in the eastern lake country.

B. GEOLOGY

The structural and depositional events of the Bismarck, North
Dakota Quadrangle and surrounding regions are described by Darton
(1909), Hancock (1922), Wilson et.al. (1951), Lemke (1960), Carlson

and Anderson (1965), and Frye (1969). These data are summarized as
follows:

Paleozoic Era

There are no exposures of Paleozoic rock units in the Bismarck
area, although much subsurface information has been collected from
deep-well data. Since the inception of the Paleozoic Era, the map
sheet area has been part of a synclinal depositional basin, the
Lemmon Syncline. This basin is a subelement of a larger, deeper
basin to the northwest, the Williston Basin.

Logs from wells drilled in the map sheet area record Cambrian rock
at approximately 13,500 feet. The depositional basin began filling
with clastics during the Ordovician, producing the Deadwood Forma-
tion beds. A predominantly carbonate sequence followed through the
Mississippian Period.

In the map sheet area, the top of the Pennsylvanian is marked by an
unconformable surface. Evaporites and clastics were deposited
during the Permian. A major unconformity truncates the Paleozoic
units (Walker, 1963).

Mesozoic Era

Slight subsidence of the map sheet area is reported by Hancock
(1922) to have occurred during the Triassic. Predominantly marine
rock units of the Jurassic and Lower to Middle Cretaceous are
representative of eastward extensions of the Cordilleran seas.

Late Cretaceous deposition was affected by minor tectonic move-
ments. The Pierre and Fox Hills formations of the Montana Group
were deposited during this time. These two formations are the
oldest units exposed in the map sheet area.

Cenozoic Era

The beginning of the Cenozoic Era in the map region is marked by
the transitional, lignite-bearing Fort Union Group of which the
Cannonball, Tongue River and Sentinel Butte formations are members.
The group was thinly overlain by a member of the White River Group,
the Golden Valley Formation.

Several advances of ice sheets from Canada during the Pleistocene
were responsible for producing a relatively thick mantle of glacial
detritus in the map area. Eolian and fluvial processes have con-
tinued to the present.

C. DESCRIPTION of the GEOLOGICAL MAP UNITS

A brief description of the outcropping geologic units of the Bis-
marck, North Dakota map sheet area (Figure 1.2) is given, based on
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the map compiled by Martel Laboratories, Inc. (1980), and data
reported by Hancock (1922), Wilson, et.al. (1951), Lemke (1960),
Finch (1967), Frye (1969) and Randich (1979).

Cenozoic Era

Quaternary

Holocene-Recent

Qal: Alluvium

Tg: Golden Valley Formation

A very small outl ier exposure of sandy, soft, permeable e cl ay and
sandstone. The unit is a member of the upper Fort Union Group.
Pinches out in the far northwestern corner of the map. From 0 to
30 feet thick.

Paleocene

Gravel, sand, silt, shale and clay, generally stratified, very
permeable. Up to 150 feet in thickness at lower levels of the
stream beds.

Qd: Dune Sand

In dune topography, fine, windblown, unconsolidated sand in spotty
drifts and blowouts.

Pleistocene

Qo: Outwash-Channel Deposits

Gently undulating to nearly flat accumulations of stratified glacio-
fluvial sand, clay, gravel and silt in generally elongated deposits.

Qem: End Moraines

Gently rolling to hummocky accumulations of drift, chiefly till,
with moderate to high relief displaying linear patterns in places.
Mostly till , small gravel , and sand.

Qgm: Ground Moraine

Moderately irregular deposits of small boulders, gravel, sand,
stony clay till and humus, relatively impermeable; mantles part of
the surface in the eastern and northeastern portion of map sheet
area. 75 to 100 feet thick.

Qlb: Lacustrine Deposits

Very minor, isolated, irregular, glacial-lake deposits composed of
sand, silts and clays. Generally stratified, with limited perme-
ability.

Qg: Glacial Deposits

Isolated remnants of pre-Wisconsin glacial drift. The deposits are
comprised of sand, gravel, cobbles and many boulders, granitic and
gneissic. Up to 80 feet thick.

Ts: Sentinel Butte Formation

The deposit is comprised of interbedded fine sandstone, siltstone,
claystone, shale and lignite. Light-colored sandstone and dark
shales alternate with carbonaceous seams and lignites of different
color and composition. Ranges up to 185 feet in thickness, thick-
ening westward.

Tt: Tongue River Formation

The unit is well-exposed in the northwestern one-third of the map
sheet area; interbedded very fine- to medium-grained sandstone,
siltstone, claystone, limestone, shale and lignite. The basal
sandstone portion of the Tongue River Formation is the most exten-
sively exposed and contains abundances of petrified wood locally.
Thin lenses of limestone (4 inches or less) are present in the
siltstone and claystone beds.

Tc: Cannonball Formation

Widely exposed in the central portion of the map sheet area. The
unit is comprised in part of glauconitic, friable, sandstone that
is non-calcareous except for large concretions with calcium carbon-
ate cement in matrix. The Cannonball Formation generally consists
of siltstone, claystone and shale (largely carbonaceous). Lignite
seams outcrop extensively in the lower part of the formation all
along the northside of Cedar Creek and both banks of the Cannonball
River. These seams are up to 11 feet thick.

Mesozoic Era

Cretaceous

Kh: Hell Creek Formation

Predominantly sandstone (3 horizons) with unconsolidated fine
clastics (quartzose) siltstone, shale and thin beds of lignite.

111-4
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The sandstone contains much manganese minerals, siderite nodules
and magnetite grains. The basal sandstone grades into lignitic and
bentonitic shale with petrified wood. Average thickness is 290
feet (Randich, 1979).

Kf: Fox Hills Formation

Fine- to medium-grained sandstone, siltstone and shale. A rela-
tively resistant sandstone bed at the top of the unit is respon-
sible for producing benches and promontories. The bed comprises
approximately one-third of the total formation thickness (maximum
390 feet). The remainder of the formation is composed of inter-
bedded siltstone, fossilized shale with limonite concretions and a
volcanic ash bed associated with a very dense bentonitic shale
(Randich, 1979).

Kp: Pierre Shale

A very minor low-level exposure (approximately 100 feet thick) at
the bottom of the Missouri River trench as it flows south out of
the map sheet area. Contact between the overlying Fox Hills is
transitional for 80 to 90 feet in most places and consists of a
bentonitic shale. The formation itself is predominantly greyish-
black shale with occasional fossils.

UNK: Unlabeled Geologic Unit

An unlabeled surface outcrop in the Bismarck map sheet area, of
indeterminate age.

D. RADIOACTIVE MINERAL PROSPECTS in the SURVEYED AREA

Radioactive mineral-bearing ores are well distributed in several
areas of southern and western North Dakota, adjoining the Crook
County, Wyoming, and Black Hills outlier deposits. U 3 0 8 minerali-
zation occurs in association with carbonaceous material in these
units (Zeller and Schopf, 1959, and Vine, 1962). There are no
reports of significant concentrations of uranium directly within
the Bismarck map sheet area, however.
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SECTION IV.
Geology Strip: An approximate six-mile width of the

geology map, containing each line, is
displayed above the profiles.RESULTS OF DATA ANALYSIS

A. DESCRIPTION OF STACKED DATA PROFILES

1. Multivariable Radiometric Stacked Data Profiles

These profiles are presented at a horizontal scale of 1:500,000.
The vertical scales are:

Altitude: 100 feet/div.; aircraft altitude above the surface

ETH(28T )*
EU (2' Bi)*

K ( 4 0 K)*

BiAir

1.0 ppm/div;

.50 ppm/div;

.25 %/div;

5.0 c/s/div.

7.15 c/s = 1 ppm/eTh

13.52 c/s = 1 ppm/eU

98.06 c/s = 1%K

50.0 seconds averaged

Residual Magnetic Field 50.0 garmas/div. (See Sec.V.B.l)

GC (Count from 400 keV to 3.0 MeV) 400 c/s/div.

All profiles appear in Section IV.H.

B. SINGLE AND AVERAGE RECORD LISTINGS

Single and average record listings are provided on microfiche.
Samples of each type are presented in Appendix III.

C. STATISTICAL PRESENTATION OF DATA BY GEOLOGIC TYPE

Tables IV.(1-6) contain the average value of each variable as a
function of line number and geologic type. The tables are in order
eTh, eU, K, eU/eTh, eU/K, eTh/K.

D. FREQUENCY DISTRIBUTON OF DATA FOR EACH GEOLOGIC TYPE

Table IV.7 contains the mean, standard deviation, and number of
events for each geologic type encountered over the entire map
sheet. Histograms for these data appear in Section IV.H.2.

E. DATA INTERPRETATION

1. Analysis of Geologic Histograms
.05 /div.

.20 /div.

.50 /div.

Geology Strip: An approximate six-mile width of the geology
map, containing each line, is displayed above
the profiles.

* 7-second average weighted 1:2:3:4:3:2:1 is used and plotted
at center.

2. Residual Magnetic Field Profiles

The radioactivity data is shown in histogram form with parts
per million or percent plotted against number of events
(Appendix I). The -histograms for eTh and K were examined
for conformity to a Gaussian curve. It is generally assumed
that a geologic map unit, which encompasses a fairly homogeneous
lithology, would have a unimodal distribution. Where map
units vary significantly from a unimodal distribution, a
further subdivision into more homogeneous lithologic types may
be recommended. Table IV.8 shows the map units, which vary
from a unimodal model, and for which separation of two or more
distributions is feasible. Only units with excess of 200
events are considered.

100 feet/div. 2. Discussion of Anomalies

Temperature: Introduction1.0 C/div.

Pressure:

Base Magnetic Field:

3.0 mm of Hg/div.

20.0 gammas/div.

Residual Magnetic Field: 10.0 gammas/div.

The eTh , eU , and eU/eTh (ratio) data were examined
for anomalous values. An anomaly is defined by a minimum of
two adjacent, two-standard deviation values, or a single,
three-standard deviation value. The anomalies were listed by
flight line in Table IV.9; by geologic map unit in Table
IV.10; Table IV.10 is statistically summarized in Table IV.11.
Only positive anomalies were examined for eTh and eU , but
both positive and negative values were studied for the ratio

anomaly.
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1 Geologic Unit Average Val
for eTh (PPM Times 10)

ue as a Function of Map Line

UNIT: QAL OD QO OEM QGM OLb QG TG TS TT TC KH KF KP UNK

LINE
ML 240:
ML 220:
ML 200:
ML 180:
ML 160:
ML 140:
ML 120:
ML 100:
ML 80:
ML 60:
ML 40:
ML 20:
TL 5020:
TL 5040:
TL 5060:
TL 5080:
TL 5100:
TL 5120:

b6
67
67
64
71
59
66
67
64
67
57
68

60
58
65
66

43
57

61
58
57
41
44
64
70
67

58 65
56
66
65
59

48 61
70

58
59
59
59
50

66
66
b2
55
47

70
73
71
77

57 63
66

68

65
53
55

71
61
69

67

80 71
70
74
74

74
77

66
71 67

79 73 71

70
69
74
71
73
66
61
76
74
67

68
67
65
66
67

b4
71
66
67

67
70
54
55
57

68 64
63 70
69 64
72 62
71 60
75 63
70 64

62
60 7139
63
62
66

Table IV.2 Geologic Unit Average
for eU (PPM Times 10)

Value as a Function of Map Line

UNIT: UAL OD 00 OEM 0GM GL OG TG TS TT TC KH K KP UNK

LINE
ML 240:
ML 220:
ML 200:
ML 180:
ML ibO:
ML 140:
ML 120:
ML 100:
ML 80:
ML 60:
ML 40:
ML 20:
TL 5020:
TL 5040:
TL 5060:
TL 5080:
TL 5100:
TL 5120:

16
15
18
16
18
14
16
17
17
19
17
18

16
15
1b
18

12
16

16
15
16
12
9

16
19
17

12 17
16
17
15
14

11 14
16

15
14
14
15
13

16
17
17
13
13

19
19
16
22

12 15
17

15
14

13

18
19
18

15

23 18
18
19
19

16
17

17
17
20
18
19
17
17
20
17
20

15 18
17 17
15 13
18 15
16 15
16 16
16 17
16 16
17 17
17 18
19 16
18 18

8
15
17

17
21 19

17
17
18

15
17
16
17

15
17
17
18
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46
68
b6

69
71
68
69
64

64
74
70

57

61

12
16
18
17
19
18
19
17
15
18
18

15
21
21
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Table IV.3 Geologic Unit Average Value as a
for K (PC Times 100)

Function of Map Line

UNIT: QAL OD 00 OEM QGM QLB QG TG TS TT TC KH KF KP UNK

L1NE
ML 240:
ML 220:
ML 200:
ML 180:
ML 160:
ML 140:
ML 120:
ML 100:
ML 80:
ML 60:
ML 40:
ML 20:
TL 5020:
TL 5040:
TL 50b0:
TL 5080:
TL 5100:
TL 5120:

151
159
156
150
158
150
159
155
158
153
146
163

137
153
160
165

144
143
143

140 111
148 142

148
159
158

169 158
160
155
148
145

148 158
154

135
138
138
140
142

142
147
148
136
139

160
158
163
164

141 146
155

150
144
149

139

164
139
155

164

160
157

169 156 155
157 153
162 161
164 156

170
170 166
162 160

172
171
172

152 146
149 156
150 127
150 149
160 145
155 147
157 157
163 157
164 157
163 154
171 154
162 150

157
153 161

160 163 165
177 166 169 179

149
152
153
152

Table IV.4 Geologic Unit Average
for eU/eTh (Times 100)

Value as a Function of Map Line

UNIT: QAL QD 00 OEM QGM QL8 QG TG TS TT TC KH KF KP UNK

LINE
ML 240:
ML 220:
ML 200:
ML 180:
ML 160:
ML 140:
ML 120:
ML 100:
ML 80:
ML b0:
ML 40:
ML 20:
TL 5020:
TL 5040:
TL 50b0:
TL 5080:
TL 5100:
TL 5120:

25
23
28
25
26
24
24
26
26
28
30
28

28
26
24

27
26
28

28 32
28 20

25
28
25

20 26
29
25
24
24

23 24
23

27
25
24
25
27

25
27
28
24
30

24
26
25

25
32
26

22

29 25
27
27
26

22
23

27
26
22
28

22 24
26 21

22
26

25
27 26

25 22
25 26
27 24
26 27
26 25
26 24
28 26
27 24
23 24
30 25

26
26

26
26
26

24
24
25
26
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140
152
154
155
1 56
162
157
156
156
164
151

149
159
155

143

27
25
25
27
26
25
25
25
27
30
26
29

26

28
28
28

27
24
28
25
27
27
28
27
25
26
30

23
29
31

19



Table IV.5 Geologic Unit Average Value
for eU/K (Times 1000)

as a Function of Map Line

UNIT: AL 0D O QEM QGM QL.B G TG TS TT TC K KF P

LINE
ML 240:
ML 220:
ML 200:
ML 180:
ML 160:
ML 140:
ML 120:
ML 100:
ML 80:
ML 60:
ML 40:
ML 20:
TL 5020:
TL 5040:
Tb 5060:
TL 5080:
TL 5100:
TL 5120:

1108
1007
1225
1129
1184
982

1016
1148
1074
1254
1223
1166

1229
1018
1005
1130

11b6
1092
1155

878 1224
1087 655

1093
1231
1100

72b 1131
1014
1093
1072
1020

757 941
1097

1164
1082
1075
1081
972

1192
1222
1214
1011
1008

1047
980
926

1096
1416
1187

927

1207
1226
989
1349

880 1072
1114

1419 1170 1163
1206 1126
1242 1284
1184 1218

1145
977 1062
1101 1076

1191
1027
1179

b11
971
1131 1152

1125 1100
1200 1178 1124

Table IV.6 Geologic Unit Average
for eTh/K (Times 1000)

Value as a Function of Map Line

UNIT: QAL (D 0 O EM 0GM QLB OG TG TS TT TC KH KF KP

LINE
ML 240:
ML 220:
ML 200:
ML 180:
ML ib0:
ML 140:
ML 120:
ML 100:
ML 80:
ML b0:
ML 40:
ML 20:
TL 5020:
TL 5040:
TL 5060:
TL 5080:
TL 5100:
TL 5120:

4400
4226
4334
4339
4548
3990
4198
4398
4078
4396
4066
4194

4384
3826
4114
4016

4301
4112
4059

3098 3751
3844 3109

4355
4396
4279

3465 4158
3494
4289
4422
4135

3276 3899
4564

4336
4303
4359
4232
3582

4649
4495
4234
4083
3407

4393
4621
4394
4750

4040 4353
4292

4342
3706
3684

2814

4339
4406
4453

4077

4283
4319

4754 4594
4481
4576
4529

4571
4521
4620
4570
4314

4369 3999
4784 3804

4424
4373
3944

4516
4530
4381
4449
4226
4434
4007
4299
4429
4376
4412
4343

4135
4330 4408

4446 4158 4007
4458 4414 4219 3748

4608
4517
4332
3730
3957 3320
4358 4515
4492 4306
4120 4491
3953 4585
3947 4234
4147 4396
4298 4153

4017
4046 4332
4160 4095
4073
4364

IV-5

UNK

1000
1181
1046
1223
1066
1067
1043
1040
1082
1092
1143
1146

999
1072
1017
974

1242
1142
1128
1025
1048
1103
1143
1027
1097
1202
1099
1256

1062
1177
1152
1267

920
1073
1207
1156
1236
1178
1266
1148
1001
1150
1230

1022
1362
1418

774

UNK

4305
4651
4534

4375



MAX. GEOL.
- E NO.

EVENTS UIT

b.b
4.8
b.2
5.8
6.7

5.8
6.8

8.0
7.3
7.1
6.9
6.3
6.8
5.7

0.3977
0.4220
0.4156
0.3236
0.4138
0.3556
0.2981
0.2999
0.3957
0.4009
0.3829
0.3769
0.4009
0.3054

0.9 123
1.0036
1.1329
0.6984
0.8945
1.0961
0.6517
0.5819
0.9334
0.9273
0.9140
0.8780
0.8804

1.8119

0.7207

1.7
1.3
1 .
1.5
1.8

1.4
1.8
2.3
1.9
1.9
1.7
1.7
1.8
1.2

0.1851
0.1188
0.1884
0.0925
0.1511
0.1074
0.1225
0.0948

0.1481
0.1623
0.1424

0.1265
0.1246
0.4261

2.0 0.1011

.6

.5

.5

.4

.5

.5

.5

.7

.6

.6

.6

.5

.6

.4

0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.

0b34
0767
06b5
0b23
0575
054b,
0500
0454
0582
0608
0595
0641
0590
0413

0.2686
0.2691
0.2615
0.2540
0.2629

0.2534
0.2670
0.2893
0.2602
0.2683
0.252b
0.2763
0.2728
0.1904

.2752

.2829

.2919

.2497

.2571

.2378

.2358

.2017

.2b13

.2587

.2620

.2b34

.2701

.1474

.1297

.8905

.0705

.0487

.1618

.9822

.1699

.3368

.1650

.1548

.0754

.1404

.1776

.7746

0.5309
0.5563

0.5947
0.5524
0.4630
0.6637
0.4062
0.4209
0.5017
0.5109
0.5845
0.5521
0.5454
0.9852

4.

.3.
4.
4.
4.

3.
4.
4.
4.
4.
4.
4.
4.
4.

2299
3138
1192
1673
4390
9060
3855
6433
5025
3345
2872
1619
3327
3759

3550.0
370.0

3913.0
1384.0
2430.0
456.0
482.0
122.0

3324.0
5139.0
8100.0
5559.0
3366.0

28.0

1.6 0.4551 0.2842 0.2640 1.2951 0.3731 4.5598 228.0

Table IV.7 Mean (Y) and Standard Deviation (;) for Each Geologic Type.
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eU
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K
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Q'
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00
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0GM
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TT
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KH
KF
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UNK
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TAhLE IV.9 SUMMARY OF ANOMALIES
MISMARCK

ETH

TABLE IV.8 Geologic Units with Apparent Significant Variations from
Unimodal Distributions, Based on the Analysis of the eTh
Histograms*

eTh Recommended
Geologic Unit No. Events Split (equivalent

ppm)

Qal 3550

370Qd

Qo

Qem

Qgm

Ql b

Qg

Ts

Kh

Kf

Unk

3913

1384

2430

456

482

3324

5558

3366

228

None

I

II

II

II

I

II

II

I

II

ML240

ML220

ML200

T'S 3760- 17b5

4045- 4050
OE~M 5580- 5585

TS 3760-
3790
4045-

( 4095-
OAL 4615-
00 4740
0GM 5145
(BEM 5580-
0GM ( 5790-

3765

4050
4100)
4620

5585
5795)

TT ( 2535- 2540)

TT 3631- 363b
3776- 3796

QAL

ML180

ML160

ML140

ML120None

ML100

ML80

3811
4586- 4591

TT
OG

3811
4431- 4436

00 5106- 5111

00 1086-
1111-
1206

(3LB 1486-
00 1866-
TS 3316

TT 3626

TC 2816- 2831
2966- 2971

TS 3680

TC
T T

2866- 2871
3019- 3029

KF 5554

QAL 34-96-
TT 3931-
TC 4501-
QAL 5089-

3501
3936
4516
5094

TC 2831- 2836

QO 5745- 5750

TT 3331- 3341

00
KF

5454-
5489

1091
1116

1491
1871

TC 4151- 4156
4441- 4446
4506

OEM 5696

TS ( 3586- 3596)

TT 3805
4215-

TC 4255
4265-

00 6085

GAL ( 2201)

4235

4270

5459

5549- 5559
00 5804- 5809

KH 2523

(...) DENOTES

KF ( 1688- 1b93)

NEGATIVE ANOMALY

*Recommended Splits on the Histograms are Given Only Where Such Splits
Appear to be Obvious.
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(TABLE IV.9

""""""""""""""""""""""""""""""""""""""""""""""""""""-"""""""""""-

ETH EU EU/ETH
Wmm mm mmmm mm m m mmmm mmmm mmmm=mmm-- - v - -WN-.manmm-m- mm-m-- m-m--mmmmmmmmmmmmmmmmw

3308- 3318 KF 1743-
KH 2068

2403-

AL
TT

2433
3308-
3328
3353

TABLE IV.10 Radioactivity Anomalies per Geologic Map Unit
1748

2413

3318 Geologic Unit eTh eU eU/eTh

TC 36b1- 3666

QGM 1386- 1391

TC 3790-
4520-

00 5866-
5880-

00
0GM
KH

1221-
1401-
2376-

3805
4525
5871
5885

1226
1416
2381

TC 3795-
4520-
4820

QA1L 5201

KF C 1651)
1776
1936-

TC 3356

Quaternary3805
4530

1941

0U 3523- 3528OD 4313- 4318

KH 2548- 2553

TC 1636- 1641

KF
KH
TC

TC
TT

1433
1803-
2173

1808

Tertiary

1636- 1641
1841- 1846

TC 2061

TT 3844- 3854 TS
TT
TC

3029
3819-
4164-
4234-

3834
4169
4244

TT 3824- 3834
4049- 4054

Cretaceous

(...) DENOTES NEGATIVE ANOMALY

(...) denotes negative anomaly.
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ML6O TT

ML40

ML20

1L5020
1L5040

TL5060

Qal

Qd

Qo

1L5080
IL5100

TL5120

Qem

Qgm

Qlb

Qg

0

1

0

0

1

0

0

3(1)

1

7

2

3

0

6

1

1

0

0

1(1)

1

1

Ts

Tt

Tc

1

3

4

3

7

7

Kh

Kf

4(2)

9(1)

12

1

1

2

2

3

4(2)

CONTID)
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TABLE IV.11 Statistical Summary of Radioactivity Anomalies per
Geologic Period(s)

Geologic Unit eTh eU eU/eTh

Quaternary

No. of Units w/ Anomalies

No. of Anomalies

2

2

4

11

Quaternary Geologic Units: Qal, Qd, Qo, Qem, Qgm, Qlb, Qg

eTh Anomalies

Approximately seventeen percent of the eTh anomalies reported
from the Bismarck map sheet area are present in the units Qd
and Qgm. The Quaternary units are exposed over roughly thirty
percent of the map surface. Given the fact that the thorium
ion is relatively insoluble and does not readily concentrate
in surface waters, the anomalies are not considered to be
significant.

7

eU and eU/eTh Anomalies
16(2)

Tertiary

No. of Units w/ Anomalies 3

8No. Of Anomalies

3

17

Thirty-four percent of the eU anomalies and thirty-three
percent of the positive eU/eTh anomalies are recorded over the
Quaternary units. Of these anomalies, well over one-third
(54% and 44%, respectively) occur in the unit Qo. Twenty-
eight percent of the negative ratio anomalies are present.
There is one point of geographical coincidence between the
Quaternary eU and eU/eTh anomalies; namely, ML240, stations
5580-5585 (Qem). The anomalies are probably not economically
significant.

3

25(3)

Cretaceous

No. of Units w/ Anomalies 2

2No. of Anomalies

2

4

Tertiary Geologic Units: Ts, Tt, Tc
2

eTh Anomalies
7(2)

Total Sample.

No. of Units w/ Anomalies 7

No. of Anomalies 12

9

32

12

48(7)

Approximately sixty-seven percent of the eTh anomalies are
found in the units Tc, Tt and, to a lesser extent, unit Ts.
The Tertiary exposures comprise roughly forty percent of all
outcrops in the Bismarck map area.

eU and eU/eTh Anomalies

Fifty-three percent of the eU anomalies and fifty-two percent
of the positive eU/eTh anomalies are reported from the Tertiary
units. Approximately forty-three percent of the negative
ratio anomalies are found in the units. There are nine geo-
graphical coincidences of eU and eU/eTh anomalies: ML40,
stations 3795-3805 and 4520-4525 (Tc); ML60, stations 3308-
3318 (Tt); ML160, station 4506 (Tc); ML200, station 3811 (Tt);
ML240, stations 3760-3765 and 4045-4050 (Ts); TL5100, stations
1636-1641 (Tc); and TL5120, stations 3824-3834 (Tt).

The loci of coincidental anomalies in these Fort Union Group
members may yield significant cocentrations of uranium,
especially where the anomalies are associated with organic
deposits.

(...) denotes negative anomaly.
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Cretaceous Geologic Units: Kh, Kf

eTh Anomalies

Approximately seventeen percent of the eTh anomalies are
recorded from Cretaceous exposures which make up roughly
thirty percent of the map surface area.

eU and eU/eTh Anomalies

Approximately twelve and one-half percent of the eU anomalies
and fourteen and one-half percent of the positive ratio
anomalies are reported from the Cretaceous units. Twenty-
eight percent of the negative ratio anomalies are present in
the unit Kf. There are no coincidental anomalies within the
Cretaceous exposures. The anomalies are presumably not econom-
ically significant.

Relationship between Radioactivity Anomalies and Known Radio-
active Mineral Deposits

There are no reported radioactive mineral deposits directly
within the Bismarck map sheet area (see Section III.D).

Relationship of Radioactivity Data to Cultural Features

Cultural features in the Bismarck map sheet area which may
produce an effect on radioactivity data include the towns of
Bismarck, Driscoll, Elgin, Flasher, Fort Yates, Glen Ullin,
Hazelton, Linton, Mandan, New Salem, Selfridge and Strasburg.
Major bodies of water include the Missouri River, the Geneva,
Long, Magnuson, Rice, Schwahn, and Tschida lakes, the Strong
Slough, and the Oahe Reservoir, as well as numerous inter-
mittent lakes.

Water may have had a slight causative effect on the positive
ratio anomalies associated with Long Lake: ML180, stations
1111-1116 and 1206 (Qo), and the positive ratio anomaly in the
vicinity of the Missouri River: ML240, station 4740 (Qo).

Trends

eTh Anomalies

The eTh anomalies in the Bismarck map sheet area are roughly
delimited into two loose clusters. The first is located in
the southeastern corner of the map, and the second lies along
the westcentral edge of the map sheet. The eTh anomalies are
relatively scant in the map region.

Except for a paucity of eU anomalies in the northeastern
corner of the map, the anomalies are relatively randomly
distributed across the map region.

eU/eTh Anomalies

The eU/eTh anomalies are fairly uniformly distributed through-
out the Bismarck map region, with the exception of the extreme
southeastern edge of the map. Their distribution appears to
be independent of structure or topography.

3. Summary and Recommendations

Over one-half of all eTh, eU and eU/eTh anomalies reported
from the Bismarck map sheet area are recorded in the units Ts,
Tt and Tc. The presence of relatively many geographically
coincident anomalies within these Fort Union Group members
seems to concur with known radioactive mineral deposits
occurring in the Fort Union due west of the map region.
Further, more detailed surveying is suggested.

F. NATIONAL GAMMA RAY MAP SERIES (NGRMS)

The geologic base has been photographically screened to allow
emphasis of the flight line locations and of the information
regarding data analysis. These maps are used as the base for
presenting statistical information on the six variables:

* eTh
* eU
* K

* eU/eTh Ratio
* eU/K Ratio
* eTh/K Ratio

The six NGRMS sheets are presented in Figures IV. (1-6) of this
report at a scale of 1:500,000 and as separate sheets at a scale of
1:250,000.

The statistical information is summarized on these maps through the
utilization of one, two or three dots above or below the flight
line at every fifth data point. One dot above the line indicates
that the variable value at that point is between ic and 26 greater
than the mean value for that geologic type where ci values are
determined for each geologic type based on all flight line data
from the area, as is discussed further in Section V.B.4. Two dots
indicate values between 2a and 3c, and three dots show values
greater than 36. Dots below the line indicate the variable values
which are less than the mean value by 1, 2 or 36 in the same
manner.

IV-13
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G. LINE PRINTER CONTOURS

Printer contours have been generated at a 1:500,000 scale for seven
variables (eTh, eU, K, eU/eTh, eU/K, eTh/K, and RMag, respec-
tively). They appear in Appendix IV. Note that every alternate
contour interval is composed of blanks to help delineate contour
boundaries. Dots are used where the denominator value for a ratio
is approaching zero, and to denote non-data areas.
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SECTION V.

GEODATA DATA ACQUISITION AND PROCESSING

A. DATA ACQUISITION SYSTEM

A brief description of the computer-linked Geodata Data Acquisition
System (GDAS), used in the present survey, is presented here. The
five primary components of the GDAS, which are mounted aboard a
Douglas Super DC-3 aircraft, Figure V.1, are:

1) An array of nine (9) 11 " dia. by 4" thick NaI(TZ) detectors;

2) a NOVA mini-computer system

3) a Collins ALT-50 radar altimeter system;

4) a proton precession magnetometer; and

5) a Bendix DRA-12C doppler navigation system.

The nine-crystal detector array has been calibrated to measure the
gamma radiation spectrum between 0-6 MeV. The contents of the 3 to
6 MeV interval is monitored in order to reduce the contributions of
the cosmic events in the 0-3 MeV interval, which is of primary
interest in this survey. Eight of the nine detectors are mounted
to measure the 47T solid angle gamma radiation spectrum emanating
from the earth's surface. The ninth detector, which is partially
shielded underneath by a 3.5-inch lead plate, is situated to
measure the 214Bi radiation incoming from the upper 2T solid angle.

Each crystal detector has an estimated volume of 415.5 cubic
inches, resulting in a total volume for the entire 4 system of
3324 cubic inches. The estimated volume to velocity ratio for this
system is 23.7, where the average speed for the DC3-S is approxi-
mately 140 mph.

The energy resolution of the GDAS as calculated from the 1 37Cs 662
keV photopeak was 10.7%, where each individual crystal was 9.0% or
better. Automatic digital gain calibration for the eight detector
array and the single detector system was accomplished by stabili-
zing on the 4 OK photopeak data.

The NOVA computer, shown in the system block diagram of Figure V.2.
is the control center of the GDAS. The data is gathered by the
computer for every one-second period in a manner giving no dead
time when readout to the magnetic tapes for storage. Two magnetic
tape recorders are used; one to record the total spectral data and
the computer tabulated results (LDT), and the other to record only
the computer tabulated results (CDT).

Figure V.1 Survey Aircraft
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Digital-to-analog conversion of the resultant intensities, their
ratios and the magnetic field data are plotted on multi-track
paper, allowing immediate examination for anomalous data.

The spectral data from the single detector system gathers and
records the 2m spectral data every nine seconds. This 27 data is
necessary to determine the amount of atmospheric 211 Bi radiation in
the 4Tt spectral data. A third segment of the computer's core
gathers and sums the total 2TT and 47T gamma radiation spectra for
each flight line, which can then be plotted as shown in Figure V.3
(EOFL spectrum).

Due to the dependence of the gamma ray data on altitude, a highly
accurate radar altimeter is used. The Collins ALT-50 system is
designed to make a series of 8 measurements per second, where the
resulting altitude is the average.

Since the gathered data are dependent on the current ambient
temperature and pressure readings, a Senso-Tek barometric pressure
sensor and a Hy-Col thermocouple sensor were used to monitor condi-
tions outside the aircraft.

A proton precession magnetometer sensor, having a 0.25 gamma
readout resolution and less than a 1.0 gamma noise envelope, is
sampled every second to yield a measurement of the total intensity
of the earth's magnetic field below the aircraft. The sensor is
carried as a "bird" on a 100-foot cable in order to minimize the
magnetic effects of the aircraft.

A Bendix DRA-12C navigation system with a 100th/nautical mile
accuracy provides a doppler navigation cross-track and along-track
analog signal to be recorded each second onto magnetic tape. Two
other methods are used to properly locate the aircraft's track:
visual sightings and photography. The first method is employed by
the navigator, who marks flight map location reference points with
computer-displayed record numbers. The second method is a 35mm
film that records a continuous, recoverable track which has a 20%
overlap/frame at an elevation of 400 feet.

There are three basic operating modes of the GDAS that the operator
can manipulate:

1) CALIBRATE, which allows proper gain calibration for the
detectors;

2) OPERATE, which allows data to be collected, summed and recorded;
and

3) PLAYBACK, which allows the operator to examine the newly
acquired data.
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Figure V.2 System Block Diagram
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Due to the occurrence of Compton scatter at all gamuna ray
energy intervals, a 4 x 4 matrix method approach is used to
"spectrally strip" the group summed counting rates into their
individual counting rates attributed only to the isotope
associated with that energy interval.

This matrix method approach is theoretically applicable to a
spectrum containing any number of isotopic gamma rays. For
convenience, the four isotopes will be denoted as: COS, TL,
BI and K. The channel group sum for each energy interval can
be considered to consist of fractional components of each of
its constituents. For instance, one can write for the TL
channel group sum:

aCOS + 1.OTL + fBI + 0.0K MT L

where MTL is the channel group sum count;

and the coefficients, which
for each variable represent
system to each isotope over

.00 40.00
v 1 M X ----- - - ------ -- - M1

120.00 160.00 200.00 240.00 280.00

CHANNEL

are known as Compton coefficients,
the responses of the data gathering
the entire energy spectrum.

Similarly, equations can be written for the energy interval
group sums for MCOS, MBI and MK, as shown below in matrix
notation by

1.5
I- - +4-- --

20

ENERGY LEVEL

Figure V.3 Typical End-of-Flight-Line Spectral Plot
V-5

B. DATA PROCESSING

1. Data Reduction

The field data tapes produced by the data acquisition system
(Section V.A) contain the 4,n and 2n gamma radiation spectra,
measured between 0 to 6 MeV. The resulting gamma ray spectra
are composite spectra of the several different isotopes that
emit gamma rays within the detectors' energy range. The
method used in this work to determine the concentrations of
the different isotopes monitored is discussed in this section.

In this work, there are four different isotopes which contri-
buted to the resultant composite spectra under consideration.
In order of the highest to lowest energy emitter, they are:
cosmic, 2"T9., 14Bi and ""K counting rates.

CO)

Iz

I
C)

Co

I
0
C-)

10

Isotope

Cosmic
208T9

2 1 4Bi

10

10
80 .00

0.0 0.5 3.0 (MeV)
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After the backgrounds have been subtracted from the live time

corrected photopeak counts, thus

TL1 = TL1 BT,

Cos

TL

BI

K

K1where each element of the 4 x 4 matrix is a Compton coeffi-

cient. By inverting the 4 x 4 matrix and multiplying on the

left by the channel group sum matrix, the resulting column

matrix, whose elements are COS, TL, BI and K, represents the

counts in each energy interval attributed only to the indi-

cated isotope source.

Table V.1 contains the data reduction parameters, coefficients
and backgrounds used in this survey. The listed Compton
coefficients were determined from data acquired during high

altitude flights and from "known" test pad data concentrations

in Grand Junction, Colorado.

The resulting reduced counting rates for COS, TL, BI and K

must then be normalized with respect to the measured live time

counting rate of the data acquisition system. This is necessary
in order to restore the linear relationship between the photo-
peak counts and the source's intensity. This procedure is

accomplished by dividing the reduced counts by the live time,
LTC1:

thus,

COS1
TL 1
BI 1
K1

COS/LTC1
TL/LTC1
BI/LTC1
K/LTC1

= Ki - BK

The resulting counting rates for TL1 and K1 represent the

counts contributed only by the sources below the aircraft on

the earth's surface. In the case of BIT, an additional source

of 214Bi radiation, which is caused by atmospheric 214Bi,
BIAIR, is still eminent.

The 2'r detector system data is used to determine the magnitude

of the BIAIR to be subtracted. Since the predominate variable
source affecting the 27 detector is the atmospheric 214Bi, it
is possible to utilize most of the 2TT spectrum in the BIAIR
determination, and thereby produce some improvement in the

statistical error. The energy interval used for the 27
crystal is between 1.05 to 2.79 MeV. Within this interval,
the aircraft's background, B 21, and its Compton coefficient,

C2 , have been determined from the high altitude data. (See

Table V.1.)

The BIAIR associated with the unshielded detector array is
determined, using the shielded detector by the relation:

G(x)
BIAIR = (1 - k2G~xTY [VC - C .COS1 - BLS2T1 CI - RVALM]

where

The next step in the data processing involves the subtraction

of the background counts present on board the aircraft. The

background counts, which exist in the aircraft and its equip-
ment, are determined from high altitude data where the data
acquisition is free from all ground sources and atmospheric
214Bi contamination. The background counts, denoted as BTL,
BBI and BK, used in this work are listed in Table V.1. During

the processing, the backgrounds are checked by observing the
resulting counting rates over large bodies of water, where the
rates would have near-zero intensities. The gross count's

background counting rate, BGC, over channels 35-239, is also
given in Table V.1.

G(x)

VC

COS1

is the relationship between the 41r and 2ii
solid angles, the channel group sums and
the number of detectors in the detector
arrays;

is the 2'r total count group sum of channels
91-239, c/s:

is the 47 cosmic count, greater than 3.0
MeV, c/s;

and,

RVALM = k1TL1 + k2BIl + k3Kl

V-8V-7
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TLS, BIS, KS

where k1 , k2, k3 are constant factors that correct for the
penetration/spill of the emanated surface radiation. These
penetration/spill constants are dependent on the amount of
lead shielding used on the 2T crystal. The values used in
this work are listed in Table V.1.

TL1, BIl and K1 have already been defined as the 4Tr
reduced data counting rates, c/s.

Finally, the 214Bi counting rate caused only by the surface
sources is given by

p0

p

x

BISUR = BIT - BIAIR

Briefly summarizing, TL1, BISUR and K1 are the counting rates
as measured at the height of the aircraft. All interfering
counts from cosmic, backgrounds and atmospheric 21 Bi have
been removed.

Since the various counting rates are dependent upon the height
of the aircraft above the surface terrain, it is necessary to
correct the associated isotope's counting rate to an altitude
of 400 feet above the surface terrain. This is accomplished
through the equations indicated below:

TLS = TL1- e--1(400 0-P x)

BIS = BISUR - e-p2(400 - P X)p0

KS = K1 -ieU3p400 - P x)p0
and

GC(gross count) = (GC - B - S-BIAIR)-e-P4(4OQ - P x)
GC

where

S

is the live time corrected gross count,
channels 35-239,

is the ratio of the BI data, channels 35-
239 to channels 143-159,

is the gross count background,
BGC

V-9

are the respective photopeak's counting
rates at 400 feet;

is the air density at standard temperature
and pressure; 0.001293 gm/cc

is the air density at the time the survey
data was flown;

are the respective linear attenuation
coefficients;

is the aircraft's height above the surface
terrain in feet.

The attenuation coefficients and other constants used in the
altitude normalization are listed in Table V.1.

After each flight line of data has undergone the above data
reduction, the average values for each radiation variable and
variable ratios for each of the flight lines were plotted to
demonstrate the consistency of the average values and that a
smooth flow continues from day to day, and from the start to
the finish of each day.

Diurnal variations of the magnetic field base station inten-
sity were measured and applied to the field data. (See Section
II.D and Appendix I.C.) The magnetic heading corrections for
the aircraft and its equipment used in this survey were deter-
mined by flying a predetermined path at a survey altitude in
first an east to west direction, then in a west to east direc-
tion. The same procedure is used on a north to south path.
Based on the data obtained in this fashion, see Table V.1, the
heading corrections were removed from all the data. The
magnetic field data were then IGRF corrected to give the
residual magnetic field. The International Geomagnetic Refer-
ence Field subtracted was provided by the U.S. Geological
Survey with reference to the IAGA Bulletin #38, "Grid Values
and Charts by the IGRF 1975.0", National Technical Information
Service Report #PB265483.

The system sensitivities at 400 feet used in this survey are
shown in Table V.1.

2. Description of Data Processing

The processing flow chart representative of the work performed
in this survey is shown in Figure V.4.

As stated in Section V.A., the original field data tapes were
recorded to contain the various tag words, 4n and 2i spectral

V-10
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DATA REDUCTION PARAMETERS AND CONSTANTS - N540S - 1980

COSMIC CORRECTION
AIRCRAFT BACKGROUNDS RATIOS

Value
Detector Parameter Window (CPS) Parameter Value

BK Potassium 29.98 c 0.2069
Terrestrial
(4i) B8. Uranium 9.40 b 0.1651

BTZ Thorium 5.83 a 0.2202

BGC Gross 286.69 - -

Atmospheric B2 Uranium 8.33 C 0.2232
(2ir)2 2

DERIVED STRIPPING COEFFICIENTS AND RATIOS

Coefficient Value Coefficient Value

a 0.2755 k, 0.030

0.4058 k2 0.0

Y 0.8595 k3  0.0

f 0.0693 S 17.5

g 0.0156 - -

LINEAR ABSORPTION COEFFICIENTS MAGNETIC HEADING CORRECTION

Value Correction

Radio Element Parameter (x10-per ft.) Flight Direction (gammas)

Potassium ui 2.448 West to East +3.56

Uranium 112 1.329 East to West -3.56

Thorium P3 1.899 North to South -1.0

Gross 114 1.430 South to North +1.0

SYSTEM SENSITIVITIES
RADIOELEMENT AT 400 FEET

Potassium
(cps/%K) 98.05

Uranium
(cps/ppm eU) 13.52

Thorium
(cps/ppm eTh) 7.15

V-11

DEPT. LPLT 0mGATATA

TAPE

REFORM

EITHER , CDTCRT EOFL PLOTS

PRNTPRINT OTO

STACK FIXMOD CT

DRAFTING

EP. PLOT OR(ORIG. DATA)

PLOTTP T
TAPE

*PRINT OPTION

LAT., LONG. INFO DPA

TLN FDTTO 
MICROFICHE VENDOR

P O T R M C O IHMIC 
R O F IC H E

GDMGRECORD) GEOLOGY

PROFIES TAPE FSATA.

CARDS

STCTION

MAG(MAGNET IC) MMHPLT TLOTR

KEY:

O = TAPES

= PROGRAMS

= TAPES FOR CUSTOMER

= INPUT / OUTPUTS

Figure V

HISTOMEG

HISTODMPT

PLOTTER:DMPLGT PEO

HISTOGRAM TAPE

.4 Data Reduction Flow Chart

V-12

TABLE V-1:



data and the trailer record sums for each flight line. The
purpose of the REFORM program is to sum the raw spectral data
(LDT) into the proper group sum energy intervals for each
second for each line. The CDTPLT program is a data certifi-
cation program that produces the EOFL spectral plots, Figure
V.3, and profiles of each of the channel group sums, which are
plotted as a function of each line's record numbers.

A brief summary of each program and its uses is given below:

PROGRAM

REFORM

FIXMOD

STACK

DOPTAP

GNDMRG

VARPLT

HISTO,MERGE,
and SORT1

HISPLT

GEODOT

FICHE

CUSTOMER

FUNCTION

Produces energy group sums and EOFL spectra.

Primary processing for "spectral stripping"
matrix reduction, live time normalization,
background and BIAIR subtraction, and altitude
corrections.

Flight path recovery to produce record location
map at a scale of 1:250,000.

Single record processing with latitude/longi-
tude positioning, IGRF and single point statis-
tical adequacy computations, and magnetic
heading corrections.

Merges aircraft magnetometer and ground magne-
tometer in proper time sequence and applies
diurnal corrections to the field data.

Produces radiometric and magnetic stacked
profile plot tapes.

Preliminary programs to prepare/sort data as
a function of geologic type for the entire
area.

Produces geological histograms, mean and
standard deviation tables, and plot tape for
the entire area.

Produces plot tape for standard deviation "dot
plots" related to geologic type.

Produces average record and single record
reduced data listings and microfiche tapes,
which are sent to microfiche vendor.

Produces all customer required tapes.

3. Data Presentation

The surveyed area was positioned geographically to completely
cover the specific National Topographic Map. Each topographic
map has been used as the flight base, and sufficient geo-
graphical and 15' location information has been shown. The
flight line pattern has been superpositioned onto these created
base maps, where the standard deviation levels for each indepen-
dent variable and each ratio of these variables have been
plotted (NGRMS), based on the data contained within the total
map area. Every fifth data point along each map line has its
standard deviation value shown at the location of that value.
Therefore, there are six NGRMS sheets which indicate the
location and magnitude of anomalous data.

The multivariable map line profile, which represents 10 vari-
ables as a function of their latitude and longitude location
for each line, is presented at a scale of 1:500,000. Each
profile presents:

1. Aircraft altitude above the surface
2. eTh (2 08 T from 232Th decay series)
3. eU (214Bi from 238U decay series)
4. K (40K from natural potassium)
5. BIAIR (atmospheric 2 4Bi)
6. Residual magnetic field
7. Gross count (greater than 400 keV)
8. eU/eTh (2 1 4 Bi/ 2 08 Tk) ratio
9. eU/K (214Bi/ 40K) ratio

10. eTh/K (208Tk/ 4 0K) ratio
11. Geologic data, including aircraft flight path

The residual magnetic field map line profile, which represents
five variables as a function of their latitude and longitude
location for each line, plus geologic data at a scale of
1:500,000, is presented as:

1. Aircraft altitude
2. Atmospheric temperature
3. Atmospheric pressure
4. Residual magnetic field data
5. Magnetic field base line station data
6. Geological data, including aircraft flight path

The output of these various computations supplies, beyond two
profile sets, the following data:

* Histograms of the radiation data distribution within each
geologic unit.

11-i11



* Histograms of the average velocity distribution for each one-

second record for each map and tie line.

* Histograms of the average altitude distribution for each one-

second record for each map and tie line.

* Tables giving the average radiation concentration of each
geologic unit for each flight line.

* Average radiation concentration for each variable as a func-
tion of flight line, including the atmospheric 214Bi.

* Set of maps showing the standard deviation data as a function

of location and radiation variable.

* Printer plot contour maps of eTh, eU, K, eU/K, eU/eTh, eTh/K

and the magnetics at a scale of 1:500,000.

4. Statistical Analysis Procedures

It is necessary to exclude from the statistical analysis all
variables which have too low a counting rate to be statis-
tically valid, and data which were obtained at altitudes above
1,000 feet. To this end, a statistical adequacy test was run
on all data for each data record. If a given value of Tk, Bi
or K failed the test, that variable value, and any ratio value
associated with it, were not used in the statistical deter-
minations of mean and standard deviation values. In addition,
such values are indicated on the radiometric profiles by a
vertical (tick) mark along the base line for the variable, and
are flagged in the single record and averaged record listings
(microfiche). The ratio values are set to zero in the Radio-
metric Profile Plots. The flags in the listings appear under
the heading AKUT for altitude, 40K, 214Bi and 2 08Tk, respec-
tively. The flags are zero for statistically valid data, and
one for rejected data in the case of K, U and T. For altitude
(A), a zero indicates altitudes to 700 feet, a one (1) indi-
cates altitudes between 700 and 1,000 feet, and a two (2)
indicates altitudes above 1,000 feet.

The tests used

where the "w" subscript refers to the respective window
counting rates from the raw data and TRA, BISUR and
K1 have previously been defined. If any of the above in-
equalities were true, the associated variable was flagged, and
that value was rejected in all statistical determinations.

The values of the radicals in the above equations, which are
indicated as 6T, eB, aK and the barred values, were calculated
on the basis of a single record value for determining flags in
the single record listings and the 7-point weighted values for
determining flags in the averaged records listings.

The mean value and standard deviations were calculated assuming
the data to have a normal distribution within a geologic type.
The equation used in determining the variance is:

N

2= {Exh -N?}

where N is the number of statistically valid samples for a
given geologic type, x. is the value of the variable for

sample number i, and x is the mean value of the variable for
the geologic type. Values from the entire survey of the area
are used in these computations.

to reject data were as follows:

(1) T2 < 1.5

(2) BISUR < 1.5

(3) K < 1.5

T~w - T9

Biw - BISUR

Kw - K

= 1.5aT

= 1.5aB

= 1.5K

V-15 V-16

V-16V-15
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AI.A PRODUCTION SUMMARY - SURVEY TIME PERIOD

ML/TL

ML240,220,
200,180,160

ML140,120,
100,80,60,
40,20

TL5020,5040
5060,5080,
5100,5120

DATE FLOWN

7/26/80

7/27/80

7/28/80

SURVEY
LINE MILES

479.92

678.11

410.91

AVERAGE
SPEED/DAY

142.43

144.77

145.82

AVERAGE
ALTITUDE/DAY

414.35

395.07

412.11
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AI.C LUkNAL C0RREC1T1UNS TO L1Nr. DATA

G1 UiFI' AL
CF- 1 .CTIUNS

IN GAMMAS LINE

[lI1U'NA
CORRFCT10h S

IN GAMMAS LINE

DT UR" jAL

CORRECTIONS
IN GA'iMAS AI.D. EXPLANATORY NOTES

No difficulties were encountered during the processing

of the Bismarck quad.
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!.I NE

PL
ML
ML.
M0 1
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220
200
18u
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23
23

-19
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1

TL X020
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MI, 16b.
MI. 140
ML 120
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AVKRAGt> SP.Iih: AND 4LTITJDE DATA SUMMARY

'SPtk.D .ALTITJTh
(49'-:)(rEET )

14-j
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14'/
144
148
142
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139

i89
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391
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376
410
404

L, y1
AVERA( jr

spE F'r AbTIT)7w
(r4 )-i1 ( :kJ'

L~Iu I

ML 20 J
ML 220
Mii 240

TL 502(}
TL 5040
1iL 5060
'LG 5080

TL 5100
TL 5120

461
395
401
389
401
472
416
398
397

AI-5

1

AT.E

142
143
143
147
147
144
146
146
144

tr. L
4 L

SL
fL

N'L
FL

M
ML

40

100

120
140
1 60
180



-J
Q:
a:
W

I -
z

a:
W

2100 .

1800.

1500

1200

900

6000

1100-

1500

J

W 100

I-

0- $00

F-

W 000

300

* *C

BISMARCK SPEED IN MPH ML 60

1400

-J

0-

U)
H-Z
WI
WI

1000

600

000

100

200 -

-J
a:

w

z
a:
WI

BISMARCK SPEED IN MPH

I

4:W
a:
HI
a.
U)
>-
W

2100 - 2100

1100

1500

1000

300

1000

300

tlgg

100

1500

1200

500

000

$00

100

100

1000

1000

000

00

400

SPEED IN MPH

AL T ITUDE/ F T

,__

ML

300

0

ML 20 80 BISMARCK

J
cc

z
a:

a.
Co
F-z
w~

W~

* *m

BISMARCK SPEED IN MPH ML 40

1400

1L00

1000

)00

000

100

200

0

J

I-
z

a:
LI

1400

1200

1000

000

000

400

E00 -

0

J

F-Z

a.
U)
I -z
WI
>I

0 o ro
0 o v

o v

RLTITUDE/ FT

-11 a m a a a a a A m a & m i m 2 1 A 6 1 & M a M M M a a M

1--f--4-,-- I I I I I I I r I I I I I I I I I I I I I I I I
-- t-1. . . . . . . . . .. . . . . . 4 m a a m 1 1 1 A 1 A A A i 1 a A A & a a a a a 1 1 i f 4

-F 4 m i i i i Ii a & ai m m m m m m! m! a a i ' I I I t - I I I I I 1 1 1 1

ML 8 0

1 1it a

0
--

w
N

0

- - - -
- p

ML 2 0

- e

BISMARCK ML 4 0 BI SMARCK ML 6 0

o a
0 0

BISMARCK

O O q

0 0 0
0

ALTITUDE! FT

O O

0 0

BISMARCK

O O p
O O O

O O

RLTITUDE/ FT



2100

1100

1500

1200

500

00

300

0

7

J

w

a-
U)
F-
Z
W~

W

BISMARCK SPEED IN MPH

-J
a:
a:
U'
w-H

U)
I-
z
w'

W'

2100

1100

1500

1200

300

000

300

ML 120

1400

1200

1000

$00

000

400

00

J

I -
z

U)
I -
z
W
>

BISMARCK SPEED IN MPH

1D1L

J

a:
a:

z
a:
W'

100.

1000

1500

100.

900

000

300

ML 140

1100

1200

1000

00

100

400

200

0

-J

-
z

w
a

z
w

BISMARCK SPEED IN MPH

2100

1100

1500

100.

Soo

600

!00.

ML 160

1400--

-J

a
N'
I -
z
a:
>'
W-

1200

1000

100

600

l00

t00

BISMARCK SPEED IN MPH

ALTITUDE/ FT

ML 100

J

F-
Z

W:
Nu
H~
U)
W-
>
W

1400 ,

J
a:
a:

z

Cc
a-

I-.
z
w'

w'

1200

1000

,00

500

aoo

00

0

ML

0 0
o a

BISMARCKML 100 ALTITUDE/ FT

1 1 1 1 1 0 1 i 1 1 1 1 1 1 1 1 1 | 1 | |11 $ 1a a a a m a m i & i a i a a a i s s M a i M m a M i 2 a
i i

1 l i i i I I I I I I I I 1 1 1 1 1
T

LLL-

I I I 1 1 I I I I I I I I I I I I 1 1 1 1 1 I-T-,-,i i i i m m mt I F=4o ' '

ML 120 I

0
T
w
p
v

0
* 0

BISMARCK ALTITUDE/ FT 160

a *A

BISMARCK ALTITUDE/ FT

0 0

BISMARCK ML 140



ML 180

J

w
z

w

U)
1-
z
w

BISMARCK SPEED IN MPH

0100

1100

1500

1900

300

600

300

ML 200

1400 ,

Ja:

I -z

a:
d

U)
F-Z
Wd
>d

100

1000

100

600

400

200

too

J

F-

W

U)
Z.
z
W

BISMARCK SPEED IN MPH

t100

1600

1500

1100

300

600 .

300

0

ML 220

1400,

J
CE:

w

I-

w

U)
z
w
>d

1400

1000

000

600

400

t00

1

I'I'I'I I I I

J

1-Z
a:
W

BISMARCK

E

L100

1000

1500

1400

300

000

300

0

SPEED IN MPH ML

J
>:

Id
I -z
a:
>d
a-

100.

1200

1000

000

600

900

000

0

240

~1~

BISMARCK SPEED IN MPH

BISMARCK ALTITUDE/ FT

4100

1100

1500

1100

300

S00

300

J
a:

w
I-z

a:
N3
H)
Z-W
WJ

100.

100

1000

100

600

lop

900

J

z

a:
Id
a-

co
F-
2
Wd

Wd

ALTITUDE/ FT

' ' ' i i i i i i i i i i i ' i i i i i i i i i i 1 1
A a a a i a i i i i i i +-4-*--.m m 0 2 2 A m A 1 a a 0 1 4

i i -- I I 'I I I ! ! ! ! ! I i i i

--

--.-

ML 180

:1 i ffi 6 i i a i i a i M 6 M 2 a a

0
q

0

00

ML 200

-- r--r -- r-T-
o
0 0

BISMARCK

O O

ALTITUDE/ FT

. r

ML 220

o e
0 0

BISMARCK ALTITUDE/ FT ML 240

w w

0 0
e o

BISMARCK



-Ja:
a:

W-

z
a:
Wd

.- .i :1

TL 5020 BISMARCK

4100

1100

1500

1200

900

600

300

0

SPEED IN MPH

2100

1800

1500

J

Id
N-
z
a:

Wd

1E00

900

000

300

0--

TL 5040 BISMARCK SPEED IN MPHTL50

w
z

a:
w

-
U)

z
U)
LL)

100

1100

1500

1200

900

00

300

0

b *m

BISMARCK SPEED IN MPH TL 5090 BISMARCK

1400 T

1200 .

1000

$00

600

400

00

TL 5020 BISMARCK ALTITUDE/ FT

Ja:
a:W
H-Z
rw

Iz
W
W

1400

1200

1000

100

000

100

200

J

F-
Z

U)
I -
z
W
>

1100.

1200

1000-

300

600

400

200

0

-J

z

w
a.

I-zw
w

J a^
m .o
e o ro
0 o e

0 0

ALTITUDE/ FT

1200 -

1000

000

000

t00

0

TL 5080 BISMARCKTL 5060 BISMARCK ALTITUDE/ FT

0100

1$00

1500

1200

!00

600

300

J

I-z

U)

J
a:

w
F-
z
A:

0-
U)
I-
z
w

m a I- AA A 6 A 1-

SPEED IN MPH

-

V -4
m .o
o e ro

0 0 0
0 0

ALTITUDE/ FTTL 5040

0 0
o e

BISMARCK

-L--

-r--"-,-4i 

, , iI

Tii
+. i 1 A 1 m- 1. 1 1 1 1 1 - - - I

1 A a m m a i 0 0 A a m m a 0 a
-r--r-,L

I'--F--I--I". . -- i -f-i i v
I I I 1 1 1 1 I I I-- r-I I I 4--i-t 1_ .__I

-,.-t
p
0

TL 5060



1900

1500

1000

900

600

300

SPEED IN MPH

TL 5100 BISMARCK
OLIEF
ALTITUDE/ FT

f100 -
t100 -

J

z

a:
W
0-

U)
F-Z
Wi

Wi

1800

1500

100

800

600

300

0

TL 5120 BISMARCK

J

F-Z

Lx

1-
Z
Wi
>i

TL 5100 BISMARCK SPEED IN MPH

1g90

1200

1900

1200

1000

900

900

400

000

0

J
Q:

a:

z
a:
hi

z
wi

Wi

J

I -z

a-

F--
z
hi

Wi

1000

000

600

100

00

I I I I I r I I
-*--+-

q

O

I-

1 _._1 -, I III l ii 111111

O O PO
O O O

O

ALTITUDE/ FT

ro s m
0 0 0
0 0 0

TL 5120 BISMARCK



A. DESCRIPTION OF DATA TAPES

Al. General

All data tapes are 9-track, 800 BPI (NRZI), odd parity, EBCDIC
code. Each tape contains a gum label giving the survey project
name, month and year of survey, tape type, subcontractor name,
date tape created, tape reel count, tape recording character-
istics, block size in Bytes and location of tape format informa-
tion.

The general description
follows:

Block Number

APPENDIX II 1
2
3
4TAPE FORMAT STATEMENTS

for each of the tape types is as

Description

Format Description
Tape Identification
First Data Block
Second Data Block

Last Data Block

A2. Raw Spectral Data Tapes

Block Size (Physical Record):
Logical Record, Data

6600 characters
1100 characters

1. Format Description Block (Block 1)

The Format Description utilizes 4248 characters. The
remaining 2352 characters of this block are blanks.

Character Number
123456789012345678901234567890123456789012345678901234567890123456789012

01 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES)

RAW SPECTRAL DATA TAPE

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK ON TAPE)

FORMAT
A40
A20
14

DESCRIPTION
QUADRANGLE NAME AS PROJECT IDENTIFICATION
NAME OF SUBCONTRACTOR
APPROXIMATE DATE OF SURVEY (MONTH, YEAR)

All-1

EOF

Line
Number

1
2
3
4
5
6
7
8
9
10

I TEM
1
2
3



Line Character Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

2. Tape Identification Block (Block 2)
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

*

*

*

306-308 14,16,13 REPEAT OF ITEMS 12-14 FOR 99TH FLIGHT LINE ON THIS
TAPE

FORMAT FOR RAW SPECTRAL DATA RECORD (THIRD THRU LAST BLOCK ON TAPE)

FORMAT
11
14
16
16
F8.4
F8.4
F6.1
F7.1

A8
14
F4. 1

F5.1
F5.3

DESCRIPTION
AERIAL SYSTEM IDENTIFICATION CODE
FLIGHT LINE NUMBER
RECORD IDENTIFICATION NUMBER
GMT TIME OF DAY (HHMMSS)
LATITUDE TO FOUR DECIMAL PLACES IN DEGREES
LONGITUDE TO FOUR DECIMAL PLACES IN DEGREES
TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS
TOTAL MAGNETIC FIELD INTENSITY TO ONE DECIMAL PLACE
IN GAMMAS
SURFACE GEOLOGIC MAP UNIT CODE
QUALITY FLAG CODES
OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE IN
DEGREES CELSIUS
OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG
LIVE TIME COUNTING PERIOD TO THREE DECIMAL PLACES IN
SECONDS
SUMMED RAW OUTPUT FROM COSMIC CHANNELS (3-6 MEV) IN
COUNTS
RAW OUTPUT FROM CHANNEL 1 IN COUNTS
RAW OUTPUT FROM CHANNEL 2 IN COUNTS

*

*

*

RAW OUTPUT FROM CHANNEL 256 IN COUNTS
2352 BLANK CHARACTERS

4 Il AERIAL SYSTEM IDENTIFICATION CODE
5 A20 AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER
6 13 BFEC CALIBRATION REPORT NUMBER
7 F6.3 4PI SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL

PLACES IN SECONDS
8 F6.3 2PI SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL

PLACES IN SECONDS
9 13 NUMBER OF CHANNELS (0-3 MEV) FOR 4PI SYSTEM
10 13 NUMBER OF CHANNELS (0-3 MEV) FOR 2PI SYSTEM
11 13 NUMBER OF FLIGHT LINES ON THIS TAPE
12 14 FIRST FLIGHT LINE NUMBER ON THIS TAPE
13 16 FIRST RECORD NUMBER OF FIRST FLIGHT LINE
14 13 JULIAN DATE (DAY OF, YEAR) FIRST FLIGHT LINE WAS

COLLECTED
15-17 14,16,13 REPEAT OF ITEMS 12-14 FOR SECOND FLIGHT LINE ON THIS

TAPE

Line
Number

1
2
3
4
5
6

Character Number
123456789012345678901234567890123456789012345678901234567890123456789012

02 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES)

SINGLE RECORD REDUCED DATA TAPE

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK)

AII-2 AII-3

* *

* *

* *

The information and format for this block are indicated
in lines 8 through 30 of the Format Description Block
A2.1, and 1396 characters are produced. The remaining
5204 characters in this block are blanks.

If fewer than 99 flight lines exist, the unused flight
line information, 13 characters per flight line, is
filled with 9's through the 99th flight line.

3. Raw Spectral Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 36 through 59 of the
Format Description Block A2.1. One logical record con-
tains 1100 characters. There are six such logical records
per 6600 character physical record or block.

The 27r data logical record is recorded after the corres-
ponding 47 data collection intervals at a frequency
dependent on the 2Tr system data collection interval. For
example, if the 4n data collection interval is 1 second
and the 27 data collection interval is 10 seconds, then
10 records of 4n data are recorded followed by 1 record
of the 2n data which was collected during the preceding
10 seconds. The format for the 2Tr data is identical to
that of the 4n data, except for lines 40 through 49 of
the Format Description Block given above. These vari-
ables are expressed in the 27 record as all nines in the
format specified for I and F fields, and all zeros for A
fields.

A3. Single Record Reduced Data Tapes

Block Size (Physical Record): 6900 characters
Logical Record, Data 138 characters

1. Format Description Block (Block 1)

The Format Description utilizes 6768 characters. The
remaining 132 characters of this block are blanks.

ITEM
1
2
3
4
5
6
7
8

9
10
11

12
13

14 I4

15
16
*

14
14

*

* *

* *

270 14



Line Character Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

Line Character Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

ITEM
1
2
3
4

5
6

FORMAT
A40
A20
14
I1

Il
A20

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

10
11

16
F6.3

12 F6.3

13 13

14 13

15-24 (SAME)

* *

* *

85-94
95
96
97
98

(SAME)
13
14
16
13

99-101 14,16,13

* *

* *

* *4

390-392 14,I6,13

DESCRIPTION
QUADRANGLE NAME AS PROJECT IDENTIFICATION
NAME OF SUBCONTRACTOR
APPROXIMATE DATE OF SURVEY (MONTH, YEAR)
NUMBER OF AERIAL SYSTEMS USED TO COLLECT DATA FOR
THIS QUADRANGLE
AERIAL SYSTEM IDENTIFICATION CODE FOR FIRST SYSTEM
AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER FOR
FIRST SYSTEM
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO
TERRESTRIAL POTASSIUM (K-40) TO ONE DECIMAL PLACE
IN CPS PER PERCENT K FOR FIRST SYSTEM
NOMINAL ALTITUDE SYSTEM SENSITIVITY
TERRESTRIAL URANIUM (BI-214) TO ONE
IN CPS PER PPM EQUIVALENT U
NOMINAL ALTITUDE SYSTEM SENSITIVITY
TERRESTRIAL THORIUM (TL-208) TO ONE
IN CPS PER PPM EQUIVALENT TH
BLANK FIELD (999999)
4PI-SYSTEM DATA COLLECTION INTERVAL
PLACES IN SECONDS FOR FIRST SYSTEM
2PI-SYSTEM DATA COLLECTION INTERVAL
PLACES IN SECONDS FOR FIRST SYSTEM
NUMBER OF CHANNELS (0-3 MEV) IN 4PI
AERIAL SYSTEM
NUMBER OF CHANNELS (0-3 MEV) IN 2PI
AERIAL SYSTEM

RELATIVE TO
DECIMAL PLACE

RELATIVE TO
DECIMAL PLACE

TO THREE DECIMAL

TO THREE DECIMAL

SYSTEM FOR FIRST

SYSTEM FOR FIRST

REPEAT OF ITEMS 5-14 FOR SECOND AERIAL SYSTEM

*

*

REPEAT OF ITEMS 5-14 FOR NINTH AERIAL SYSTEM
NUMBER OF FLIGHT LINES ON THIS TAPE
FIRST FLIGHT LINE NUMBER ON THIS TAPE
FIRST RECORD NUMBER OF FIRST FLIGHT LINE
JULIAN DATE (DAY OF YEAR) FIRST FLIGHT-LINE DATA WAS
COLLECTED
REPEAT OF ITEMS 96-98 FOR SECOND FLIGHT LINE ON THIS
TAPE

*

*

REPEAT OF ITEMS 96-98 FOR 99TH FLIGHT LINE ON THIS
TAPE

FORMAT FOR SINGLE RECORD REDUCED DATA RECORD (THIRD THRU LAST BLOCK)

ITEM
1
2
3
4
5

FORMAT
Ii
I4
16
16
F8.4

DESCRIPTION
AERIAL SYSTEM IDENTIFICATION CODE
FLIGHT LINE NUMBER
RECORD IDENTIFICATION NUMBER
GMT TIME OF DAY (HHMMSS)
LATITUDE TO FOUR DECIMAL PLACES IN DEGREES

60 6
61 7
62 8
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

9
10
11

F8.4
F6.1
F7.1

A8
14
F6.1

12 F4.1

13 F6.1

14 F4.1

15 F6.1

16 F4.1

17 F6.1

18 F6.1

19 F6.1

20 F8.1

21 F6.1

22 F5.1

23 F4.1

24 F4.1

25 F5.1

LONGITUDE TO FOUR DECIMAL PLACES IN DEGREES
TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS
RESIDUAL (IGRF REMOVED) MAGNETIC FIELD INTENSITY
TO ONE DECIMAL PLACE IN GAMMAS
SURFACE GEOLOGIC MAP UNIT CODE
QUALITY FLAG CODES
APPARENT CONCENTRATION OF TERRESTRIAL POTASSIUM
(K-40) TO ONE DECIMAL PLACE IN PERCENT K

UNCERTAINTY IN TERRESTRIAL POTASSIUM TO ONE DECIMAL
PLACE IN PERCENT K
APPARENT CONCENTRATION OF TERRESTRIAL URANIUM
(BI-214) TO ONE DECIMAL PLACE IN PPM EQUIVALENT U

UNCERTAINTY IN TERRESTRIAL URANIUM TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U
APPARENT CONCENTRATION OF TERRESTRIAL THORIUM
(TL-208) TO ONE DECIMAL PLACE IN PPM EQUIVALENT TH
UNCERTAINTY IN TERRESTRIAL THORIUM TO ONE DECIMAL
PLACE IN PPM EQUIVALENT TH
URANIUM-TO-THORIUM RATIO TO ONE DECIMAL PLACE IN
PPM EQUIVALENT U PER PPM EQUIVALENT TH
URANIUM-TO-POTASSIUM RATIO TO ONE DECIMAL PLACE IN
PPM EQUIVALENT U PER PERCENT K
THORIUM-TO-POTASSIUM RATIO TO ONE DECIMAL PLACE IN
PPM EQUIVALENT TH PER PERCENT K
GROSS GAMMA (0.4-3.0 MEV) COUNT RATE TO ONE DECIMAL
PLACE IN COUNTS PER SECOND
UNCERTAINTY IN GROSS GAMMA COUNT RATE TO ONE DECIMAL
PLACE IN COUNTS PER SECOND
ATMOSPHERIC BI-214 4P CORRECTION TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U
UNCERTAINTY IN ATMOSPHERIC BI-214 4PI CORRECTION
TO ONE DECIMAL PLACE IN PPM EQUIVALENT U
OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE IN
DEGREES CELSIUS
OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG

2. Tape Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 49 of the Format Description Block
A3.1, and 1922 characters are produced. The remaining
4978 characters of this block are blanks.

If less than nine aerial systems are used, the space
allocated for additional systems is filled with 9's in
the format specified for each item using I and F fields,
and with zeros for A fields.

Similarly, if fewer than 99 flight lines exist, the
unused flight line information, 13 characters per flight
line, is filled with 9's through the 99th flight line.

AII-4

7 F6.1

8 F6.1

9 F6.1

AII-5



3. Single Record Reduced Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 55 through 94 of the
Format Description Block A3.l. One logical record con-
tains 138 characters. There are 50 such logical records
per 6900 character physical record or block.

The data appearing in locations specified by lines 68,
72, 76, 86 and 90 of the Format Description Block A3.1
are 9's in the format specified in each case.

A4. Statistical Analysis Data Tapes

Block Size (Physical Record): 8000 characters
Logical Record, Data : 160 characters

1. Format Description Block (Block 1)

The Format Description utilizes 7560 characters. The
remaining 440 characters are blanks.

Character Number
1234567890123456789012345678901234 5678901234 5678901234567890123456789012

03 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES)

STATISTICAL ANALYSIS DATA TAPE

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK)

ITEM
1
2
3
4

5
6

FORMAT
A40
A20
14
Il

Il
A20

16 7 F6.1
17
18
19 8 F6.1
20
21
22 9 F6.1
23
24
25 10 16
26 11 F6.3
27
28 12 F6.3
29

DESCRIPTION
QUADRANGLE NAME AS PROJECT IDENTIFICATION
NAME OF SUBCONTRACTOR
APPROXIMATE DATE OF SURVEY (MONTH, YEAR)
NUMBER OF AERIAL SYSTEMS USED TO COLLECT DATA FOR
THIS QUADRANGLE
AERIAL SYSTEM IDENTIFICATION CODE FOR FIRST SYSTEM
AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER FOR
FIRST SYSTEM
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO
TERRESTRIAL POTASSIUM (K-40) TO ONE DECIMAL PLACE
IN CPS PER PERCENT K
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO
TERRESTRIAL URANIUM (BI-214) TO ONE DECIMAL PLACE
IN CPS PER PPM EQUIVALENT U
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO
TERRESTRIAL THORIUM (TL-208) TO ONE DECIMAL PLACE
IN CPS PER PPM EQUIVALENT TH
BLANK FIELD (999999)
4PI-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL
PLACES IN SECONDS FOR FIRST SYSTEM
2PI-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL
PLACES IN SECONDS FOR FIRST SYSTEM

Line Character Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

30
31
32
33

34

36

13 13

14 13

15-24 (SAME)

37 * *

NUMBER OF CHANNELS (0-3 MEV) IN 4PI SYSTEM FOR FIRST
AERIAL SYSTEM
NUMBER OF CHANNELS (0-3 MEV) IN 2PI SYSTEM FOR FIRST
AERIAL SYSTEM
REPEAT OF ITEMS 5-14 FOR SECOND AERIAL SYSTEM

*

*

38 85-94 (SAME) REPEAT OF ITEMS 5-14 FOR NINTH AERIAL SYSTEM
39 95 13 NUMBER OF FLIGHT LINES ON THIS TAPE
40 96 14 FIRST FLIGHT LINE NUMBER ON THIS TAPE
41 97 16 FIRST RECORD NUMBER OF FIRST FLIGHT LINE
42 98 13 JULIAN DATE (DAY OF YEAR) FIRST FLIGHT LINE DATA WAS
43 COLLECTED
44 99-101 14,16,13 REPEAT OF ITEMS 96-98 FOR SECOND FLIGHT LINE ON THIS
45 TAPE
46
47
48

49
50

52 FORMAT FOR STATISTICAL ANALYSIS DATA RECORD (THIRD THRU LAST BLOCK)
53

* *

* *

* *

390-392 I4,I6,I3

*

*

REPEAT OF ITEMS 96-98 FOR 99TH FLIGHT LINE ON THIS
TAPE

54
55
56
57

58
59

60
61

63
64
65

66
67
68
69
70
71

72
73
74
75

76
77
78
79
80
81

ITEM FORMAT
1 Il
2 14
3 16

4 16
5 F8.4
6 F8.4
7 F6.1
8 F7.1

A8
I5
F6.1

9
10
11

12 F4.1

13 F5.1

14 F6.1

15 F4.1

16 F5.1

17 F6.1

18 F4.1

AII-6

DESCRIPTION
AERIAL SYSTEM IDENTIFICATION CODE
FLIGHT LINE NUMBER
RECORD IDENTIFICATION NUMBER

GMT TIME OF DAY (HHMMSS)
LATITUDE TO FOUR DECIMAL PLACES IN DEGREESLONGITUDE TO FOUR DECIMAL PLACES IN DEGREES
TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS
RESIDUAL (IGRF REMOVED) MAGNETIC FIELD INTENSITY

TO ONE DECIMAL PLACE IN GAMMAS
SURFACE GEOLOGIC MAP UNIT CODE
QUALITY FLAG CODES
AVERAGED CONCENTRATION OF TERRESTRIAL POTASSIUM
(K-40) TO ONE DECIMAL PLACE IN PERCENT K
UNCERTAINTY IN TERRESTRIAL POTASSIUM TO ONE DECIMAL
PLACE IN PERCENT K
POTASSIUM STANDARD DEVIATION FROM THE MEAN TO ONE
DECIMAL PLACE AND ALGEBRAICALLY SIGNED
AVERAGED CONCENTRATION OF TERRESTRIAL URANIUM
(BI-214) TO ONE DECIMAL PLACE IN PPM EQUIVALENT UUNCERTAINTY IN TERRESTRIAL URANIUM TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U
URANIUM STANDARD DEVIATION FROM THE MEAN TO ONE
DECIMAL PLACE AND ALGEBRAICALLY SIGNED
AVERAGED CONCENTRATION OF TERRESTRIAL THORIUM
(TL-208) TO ONE DECIMAL PLACE IN PPM EQUIVALENT TH
UNCERTAINTY IN TERRESTRIAL THORIUM TO ONE DECIMAL
PLACE IN PPM EQUIVALENT TH

AII-7

Line
Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

l i

i

i

e

e



Character Number
123456789012345678901234567890123456789012345678901234567890123456789012

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

19 F5.1

20 F8.1

21 F6.1

22 F5.1

23 F4.1

24 F6.1

25 F5.1

26 F6.1

27 F5.1

28 F6.1

29 F5.1

2. Tape Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 49 of the Format Description Block
A4.l, and 1922 characters are produced. The remaining
6078 characters of this block are blanks.

If less than nine aerial systems are used, the space
allocated for additional systems is filled with 9's in
the format specified for each item using I and F fields,
and with zeros for A fields.

Similarly, if fewer than 99 flight lines exist, the
unused flight line information, 13 characters per flight
line, is filled with 9's through the 99th flight line.

3. Statistical Analysis Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 55 through 103 of the
Format Description Block A4.1. One logical record contains
160 characters. There are 50 such logical records per
8000 character physical record or block.

The data appearing in locations specified by lines 68,
74, 80, 86 and 90 of the Format Description Block A4.1
are 9's in the format specified in each case.

File 2: Statistical Analysis Summary

Block Size (Physical Record): 7000 characters
Logical Record (Data) : 140 characters

1. Format Description Block (Block 1)

The Format Description utilizes 4320 characters. The
remaining 2680 characters are blanks.

THORIUM STANDARD DEVIATION FROM THE MEAN TO ONE
DECIMAL PLACE AND ALGEBRAICALLY SIGNED
GROSS GAMMA (0.4-3.0 MEV) COUNT RATE TO ONE DECIMAL
PLACE IN COUNTS PER SECOND
UNCERTAINTY IN GROSS GAMMA COUNT RATE TO ONE DECIMAL
PLACE IN COUNTS PER SECOND
ATMOSPHERIC BI-214 4PI CORRECTION TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U
UNCERTAINTY IN ATMOSPHERIC BI-214 4PI CORRECTION
TO ONE DECIMAL PLACE IN PPM EQUIVALENT U
AVERAGED URANIUM-TO-THORIUM RATIO TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U PER PPM EQUIVALENT TH
URANIUM-TO-THORIUM RATIO STANDARD DEVIATION FROM THE
MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY SIGNED
AVERAGED URANIUM-TO-POTASSIUM RATIO TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U PER PERCENT K
URANIUM-TO-POTASSIUM RATIO STANDARD DEVIATION FROM
THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY SIGNED
SIGNED
AVERAGED THORIUM-TO-POTASSIUM RATIO TO ONE DECIMAL
PLACE IN PPM EQUIVALENT TH PER PERCENT K
THORIUM-TO-POTASSIUMERATIO STANDARD DEVIATION FROM
THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY
SIGNED

1
2
3
4
5

7 ITEM
8 1

9 2
10 3
11 4

12

Character Number

123456789012345678901234567890123456789012345678901234567890123456789012

05 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODE)

STATISTICAL ANALYSIS SUMMARY TAPE (OR FILE)

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK)

14
15
16
17 ITEM
18 1
19 2
20 3

FORMAT
BLOCK)

21
22
23

24 5
25
26 6
27 7
28 8
29
30 9

4

31
32
33
34
35
36 13 F6.1
37

10
11
12

FORMAT

A40
A20
14
16

DESCRIPTION
QUADRANGLE NAME AS PROJECT IDENTIFICATION
NAME OF SUBCONTRACTOR
APPROXIMATE DATE OF SURVEY (MONTH, YEAR)
NUMBER OF GEOLOGIC MAP UNITS USED FOR THIS
QUADRANGLE

FOR STATISTICAL ANALYSIS SUMMARY DATA RECORD (THIRD THRU LAST

FORMAT
A8
16
16

F6. 1

F6. 1

A3
16
F6. 1

F6. 1

A3
16
F6.1

AII-8

DESCRIPTION
SURFACE GEOLOGIC MAP UNIT IDENTIFYING CODE
TOTAL RECORDS FOR GEOLOGIC MAP UNIT
NUMBER OF POTASSIUM RECORDS COMPUTED FOR GEOLOGIC
UNIT
POTASSIUM CONCENTRATION MEAN TO ONE DECIMAL
PLACE IN PERCENT K
POTASSIUM CONCENTRATION STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PERCENT K
POTASSIUM CONCENTRATION DISTRIBUTION CODE
NUMBER OF URANIUM RECORDS COMPUTED FOR GEOLOGIC UNIT
URANIUM CONCENTRATION MEAN TO ONE DECIMAL PLACE
IN PPM EQUIVALENT U
URANIUM CONCENTRATION STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT U
URANIUM CONCENTRATION DISTRIBUTION CODE
NUMBER OF THORIUM RECORDS COMPUTED FOR GEOLOGIC UNIT
THORIUM CONCENTRATION MEAN TO ONE DECIMAL PLACE IN
PPM EQUIVALENT TH
THORIUM CONCENTRATION STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT TH

AII-9

Line
Number

LineNumber
Number



1234567890123456

14
15

A3
16

16 F6.1

17 F6.1

18
19

A3
16

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

21

22
23

F6. 1

A3
16

24 F6.1

25 F6.1

26 A3

Character Number
78901234567890123456789012345678901234567890123456789012

THORIUM CONCENTRATION DISTRIBUTION CODE
NUMBER OF URANIUM-TO-THORIUM RATIO RECORDS COMPUTER
FOR GEOLOGIC UNIT
URANIUM-TO-THORIUM RATIO MEAN TO ONE DECIMAL PLACE
IN PPM EQUIVALENT U PER PPM EQUIVALENT TH
URANIUM-TO-THORIUM RATIO STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT U PER PPM EQUIVALENT
TH
URANIUM-TO-THORIUM RATIO DISTRIBUTION CODE
NUMBER OF URANIUM-TO-POTASSIUM RATIO RECORDS
COMPUTED FOR GEOLOGIC UNIT
URANIUM-TO-POTASSIUM RATIO STANDARD DEVIATION TO ONE
IN PPM EQUIVALENT U PER PERCENT K
URANIUM-TO-POTASSIUM RATIO STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT U PER PERCENT K
URANIUM-TO-POTASSIUM RATIO DISTRIBUTION CODE
NUMBER OF THORIUM-TO-POTASSIUM RATIO RECORDS
COMPUTED FOR GEOLOGIC UNIT
THORIUM-TO-POTASSIUM RATIO MEAN TO ONE DECIMAL PLACE
IN PPM EQUIVALENT TH PER PERCENT K
THORIUM-TO-POTASSIUM RATIO STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT TH PER PERCENT K
THORIUM-TO-POTASSIUM RATIO DISTRIBUTION CODE

2. Tape Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 11 of the Format Description Block
A6.1, and 70 characters are produced. The remaining 6930
characters of this block are blanks.

3. Statistical Analysis Summary Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 18 through 60 of the
Format Description Block A6.1. One logical record con-
tains 140 characters. There are 50 such logical records
per 7000 character physical record or block.

Line
Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Line
Number

* *

* *

* *

25 495-499 (SAME)
26
27

*

*

*

REPEAT OF ITEMS 5-9 FOR 99TH FLIGHT LINE ON THIS
TAPE

28 FORMAT FOR MAGNETIC DATA RECORD (THIRD THRU LAST BLOCK)
29
30 ITEM
31 1
32 2
33 3
34 4
35 5
36 6
37 7
38 8
39 9
40 10
41A5. Magnetic Data Tapes

Block Size (Physical Record):
Logical Record (Data)

8000 characters
80 characters

1. Format Description Block (Block 1)

42
43
44
45
46
47

FORMAT
Ii
14
16
16
F8.4
F8. 4
F6.1
F5.1
A8
F7.1

11 F7.1

12 F7.1

13 F7.1

DESCRIPTION
AERIAL SYSTEM IDENTIFICATION CODE
FLIGHT LINE NUMBER
RECORD IDENTIFICATION NUMBER
GMT TIME OF DAY (HHMMSS)
LATITUDE TO FOUR DECIMAL PLACES IN DEGREES
LONGITUDE TO FOUR DECIMAL PLACES IN DEGREES
TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS
OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG
SURFACE GEOLOGIC MAP UNIT CODE
TOTAL MAGNETIC FIELD INTENSITY TO ONE DECIMAL PLACE
IN GAMMAS
RESIDUAL (IGRF REMOVED) MAGNETIC FIELD INTENSITY
TO ONE DECIMAL PLACE IN GAMMAS
DIURNAL MAGNETIC INTENSITY VARIATION TO ONE DECIMAL
PLACE IN GAMMAS
MAGNETIC DEPTH-TO-BASEMENT TO ONE DECIMAL PLACE
IN METERS (IF REQUIRED)

The Format Description utilizes 3384 characters. The
remaining 4616 characters are blanks.

All-10

20 F6.1

Character Number
123456789012345678901234567890123456789012345678901234567890123456789012

04 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES)

MAGNETIC DATA TAPE

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK)

ITEM FORMAT DESCRIPTION
1 A40 QUADRANGLE NAME AS PROJECT IDENTIFICATION
2 A20 NAME OF SUBCONTRACTOR
3 14 APPROXIMATE DATE OF SURVEY (MONTH, YEAR)
4 13 NUMBER OF FLIGHT LINES ON THIS TAPE
5 14 FIRST FLIGHT LINE ON THIS TAPE
6 16 FIRST RECORD NUMBER OF FIRST FLIGHT LINE
7 13 JULIAN DATE (DAY OF YEAR) FIRST FLIGHT LINE DATA WAS

COLLECTED
8 F8.4 LATITUDE OF GROUND BASE STATION TO FOUR DECIMAL

PLACES IN DEGREES FOR FIRST FLIGHT LINE
9 F8.4 LONGITUDE OF GROUND BASE STATION TO FOUR DECIMAL

PLACES IN DEGREES FOR FIRST FLIGHT LINE
10-14 (SAME) REPEAT OF ITEMS 5-9 FOR SECOND FLIGHT LINE ON THIS

TAPE

All-11



B. DESCRIPTION OF LISTINGS
2. Tape Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 25 of the Format Description Block
A5.1, and 2938 characters are produced. The remaining
5062 characters of this block are blanks.

If fewer than 99 flight lines exist, the unused flight
line information, 29 characters per flight line, is
filled with 9's through the 99th flight line in the
format indicated.

3. Magnetic Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 31 through 46 of the
Format Description Block A5.1. One logical record contains
B0 characters. There are 100 such logical records per
8FO ch&ractnr physical record or block.

If the magnetic depth-to-basement is not required, this
item is expressed as 99999.9.

Bl. Single record reduced data listings: include the following
information on Microfiche:

ITEM

REC
Lat
Long
RMag
Alt
GEO UNIT
A KUT

COS
BIAIR
GC
eTh
eU

K
eU:eTh
eU:K
eTh:K
TEMP
BP

82. Averaged record data listings: i
information on Microfiche:

ITEM

REC
GEO UNIT
AKUT

Long

Lat

RMag
COS
BIAIR
GC

AII-12

Sequential record number
Location Y in latitude
Location X in longitude
Residual magnetic field, gammas
Surface altitude
Geologic Type
A=Altitude; K=Potassium; U=Uranium
T=Thorium - Results of statistical
adequacy test
Cosmic c/
Airborne Bi, 4n data, c/s
Gross count, .4 MeV - 2.8 MeV

ppm
ppm

Ratio
RatioRatioOutside Air Temperature ( C)
Atmospheric Pressure (mm Hg)

nclude the following

DESCRIPTION

Sequential Record number
Geologic type
A=Altitude; K=Potassium; U=Uranium;
T=Thorium - Results of statistical
adequacy test
Longitude of X location of geologic
type
latitude of Y location of geologic
type
Residual magnetic field, gammas
Cosmic, 4n
Atmospheric Bi, 4nr, c/s
Gross count, c/s

AII-13

DESCRIPTION



ITEM DESCRIPTION

eTh eTh value, ppm
Rank eTh standard deviation rank

eU eU value, ppm
Rank eU standard deviation rank
K K value, %
Rank K standard deviation rank
eU/eTh Ratio value
Rank eU/eTh standard deviation rank

eU/K Ratio value
Rank eU/K standard deviation rank
eTh/K Ratio value
Rank eTh/K standard deviation rank

AII-14



1GLOAIA INI. INC. blNGL REC LISTING 1980
4 MAPLINE 240t1SMAkCK

RCN
3440

3441

3442
3443
3444

3445
3446

3447
3448
3449
3450

3451

3452
3453
3454
3455

3456
3457
3458
3459
3460
3461

3462
3463
3464
3405

3466
3467

34o8
3469
3470
3471

3472
3473
3474

3475
3476
3477
3478
3479
3480
3481

3482

3483
3484
3485

3486

3487
3488
3489

3490
3491

3492

3493
3494
3495

3496

(,EUUN IT
ZNA
ZNA
ZNA
ZNA
ZNA

ZNA

ZNA
ZNA

ZIA
ZNA

ZNA
ZNA

ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA
ZNA

ZNA
ZNA
ZNA
ZNA
TG
TG
TG

TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
rG
TG

MAPLINE 240
AKUT
0000
0010
0000
0000
0000
0010
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

NM 14-0

LAT
46.97981

4b.97991
46.97991
46.97991

4b.97991
46.97991
46.97991

46.97991

46.97991
46.97991

46.97991

46.97991
46.9799I
46.97991
46.97991
46.97991
46.97991

46.9800I
46.98001

46.98001

46.98001
46.98001

46.98001

46.98001
46.98001

46.98001

46.9800I

46.98001

46.9800I

46.98001
46.98001

46.9800I

46.98001
4o.9801I

46.98011

46.98011
46.98011

46.98011

46.98011

46.98011
46.98011

46.98011
46.98011

46.98011

46.98011
46.98011

46.98011

46.98011
46.98011
46.98021

46.98021
46.98021

46.98021

46.98021
46.98021

46.98021

46.9802I

BISMARCK
LONG RMAG COS

102.0285 -301.7 40
102.0276 -243.8 13
102.0267 -241.9 40
102.0259 -241.5 45
102.0250 -241.5 40
102.0242 -242.8 49
102.0233 -242.2 45
102.0224 -241.8 44
102.0216 -241.4 35
102.0207 -241.0 49
102.0199 -240.8 46
102.0190 -240.2 34
102.0181 -238.8 40
102.0173 -238.6 58
102.0164 -238.2 48
102.0155 -237.6 53
102.0147 -237.2 53
102.0138 -236.5 52
102.0130 -235.9 47
102.0121 -235.2 45
102.0112 -234.8 63
102.0104 -234.4 48
102.0095 -233.8 67
102.0086 -233.b 62
102.0078 -232.2 64
102.0069 -231.8 40
102.0061 -231.4 53
102.0052 -231.3 47
102.0043 -231.0 34
102.0035 -230.9 46
102.0026 -231.2 42
102.0017 -231.3 42
102.0009 -231.4 50
102.0000 -231.3 44
101.9992 -231.6 48
101.9983 -230.7 48
101.9974 -230.8 40
101.9966 -230.9 52
101.9957 -231.0 50
101.9948 -231.1 47
101.9940 -231.2 51
101.9931 -231.3 48
101.9923 -231.7 39
101.9914 -232.0 33
101.9905 -232.6 57
101.9897 -233.0 40
101.9888 -233.8 52
101.9980 -234.2 36
101.9871 -234.8 40
101.9862 -235.4 32
101.9854 -236.0 39
101.9845 -236.6 51
101.9836 -236.8 51
101.9828 -237.4 40
101.9819 -238.0 56
101.9811 -238.6 54
101.9802 -236.2 55

GC
2097
232

2185
2242
2319
2334
2388
2518
2656
2462
2319
2555
2343
2362
2764
2646
2260

2537
2623
2343
2637
2405
2761
2551
2626
2601

2837
2312
2287
2726
2186
2402
2395
2510
2330
2523
2433
2212
2424
2187
2231
2206
2372
1937
2384
1944
2146
2223
2281
2217
2348
2323
2618
2253
2390
2468
2259

bIAR
10.1
10.1
10.1
10.1
10.1

10.1
10.1

10.1

10.1
10.1

10.1

10.1
10.1

10.1
10.1
10.1
10.1
10.1
10.1
10.1

10.1
10.1
10.1
10.1
10.1

10.1
10.1
25.9
25.9
25.9
25.9
25.9
25.9
25.9
25.9
25.9
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
27.3
25.5
25.5
25.5
25.5
25.5
25.5
25.5
25.5
25.5
24.6
24.6
24.6

ALT
390
-61
322
311
301
300
297
312

332
347
370
380

367
365
363
352
330
317
314
325
355
399
400

364
332
309
316
304
306
310
304
320
339
340
324
315
303
297
293
284
300

322
313
332
368
362
391
405
409
402
406
396

352
336

325
317
317

TEMP
28.8

28.8
28.7
28.7
28.8
28.8
28.7
28.7

28.6
28.6
28.5
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.4
28.5
28.6
28.6
28.7
28.7
28.7
28.7
28.7
28.7
28.6
28.6
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5

28.5
28.5
28.b

F'TH EU K EU/ETI EU/K ETH/K
7.0 3.0 1.2 0.43 2.48 5.71
1.3 0.1 0.1 0.12 1.45 12.34
6.6 1.9 1.4 0.29 1.40 4.77
6.6 3.8 1.2 0.59 3.22 5.51
7.8 3.3 1.2 0.42 2.68 6.45
8.3 2.9 1.2 0.35 2.40 6.86
7.3 3.8 1.5 0.52 2.55 4.92
9.4 3.4 1.5 0.36 2.22 6.13
8.0 4.5 1.4 0.57 3.21 5.66
8.5 3.4 1.4 0.40 2.40 6.02
7.0 2.5 1.8 0.36 1.43 3.99
9.1 3.7 1.7 0.41 2.15 5.27
6.6 5.2 1.2 0.79 4.16 5.28
7.6 2.4 1.3 0.31 1.89 6.02
8.3 2.6 2.1 0.31 1.21 3.85
9.5 1.8 1.8 0.19 1.04 5.33
7.8 2.3 1.5 0.28 1.54 5.26
6.7 3.5 1.9 0.52 1.79 3.46
9.7 2.1 1.7 0.22 1.23 5.53
6.9 3.5 1.4 0.51 2.47 4.87
9.8 2.9 1.9 0.29 1.54 5.22
6.4 1.5 2.1 0.23 0.70 3.05
10.9 1.8 1.8 0.16 0.96 5.91
9.4 2.7 1.6 0.29 1.77 6.05
7.7 1.9 1.9 0.25 1.0i 4.03
9.8 2.4 1.8 0.24 1.31 5.42
7.7 2.9 2.1 0.37 1.37 3.66
6.4 1.3 1.8 0.21 0.76 3.67
6.3 2.1 1.9 0.33 1.07 3.25
9.7 3.9 1.7 0.41 2.37 5.94
6.6 3.8 1.6 0.57 2.33 4.05
7.7 1.2 1.8 0.15 0.67 4.39
5.5 3.8 1.8 0.69 2.13 3.07
8.1 2.1 1.8 0.26 1.17 4.60
6.6 2.9 1.6 0.44 1.84 4.19

11.7 1.1 2.0 0.09 0.56 5.88
8.3 2.1 2.0 0.25 1.03 4.11
5.0 2.1 1.7 0.43 1.27 2.99
9.2 3.2 1.7 0.34 1.83 5.32
8.1 2.2 1.5 0.27 1.44 5.27
8.4 1.9 1.5 0.23 1.26 5.49
8.1 1.7 1.7 0.21 0.98 4.65
8.5 0.9 1.9 0.10 0.46 4.38
8.4 1.8 1.2 0.22 1.50 6.80
8.4 3.0 1.6 0.35 1.80 5.11
6.6 1.6 1.5 0.25 1.08 4.36
7.4 3.1 1.6 0.42 1.97 4.69
7.4 2.4 1.6 0.33 1.50 4.54
8.7 3.3 1.5 0.38 2.16 5.63
7.3 2.8 1.7 0.39 1.65 4.27
7.8 2.2 2.0 0.28 1.10 3.90
7.4 2.1 1.9 0.28 1.10 3.93

10.8 1.6 2.0 0.14 0.79 5.50
10.2 1.7 1.4 0.17 1.19 7.15
7.7 3.c 1.7 0.47 2.17 4.60
8.7 1.1 1.8 0.13 0.63 4.94
7.0 2.9 1.5 0.41 1.90 4.60

KILN
3440
3441
3442

3443
3444

3445
3446
3447

3448
3449

3450

3451
3452

3453
3454
3455
3456
3457
34t8

3459
34b0
3461

3462

3463
3464

3465
3466

3407
3468

3469

3470
3471
3472

3473
3474
3475
3476

3477

3478
3479

3480

3481
3482

3483
3464

3485
3486

3487
3488

3489
3490
3491

3492
3493
3494
3495
349b

GFluNT11

2NA
ZNA
Z4A
ZNA
ZNA

ZNA
ZNA
ZNA

ZNA
ZNA
ZNA
ZNA

ZNA
ZNA

ZNA
ZNA
ZNA

ZNA
ZNA

ZNA
ZNA
ZNA
ZNA

Z.A
ZNA
ZNA
ZNA

ZNA

ZNA
ZNA
ZNA

TG

TG

TG

TG

T(,
TG

TG

TG
TG

TG

TG

rG
TG

TG

rG
TG

TG

TG

TG
TG

T(,
T'G

AIII-1

AI'IT
0(10
'(010
(000
0000
0000
0000
0000
0000
0000
000()
0000
0000
000(1
0000
0000
0000
0000
000G
0000
0000
0001
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
01(0 0
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
(10000
01000
0000
(000
0000
0000
0000
010 0
0000
00)0
00(10
0000
0000
001)

0000

NM 14-04 MAPuINE
91SMACK

GAf UNG MAC CUS
46.9798 102.0285 -301.1 40
46.9799 102.0276 -243.8 13
46.9799 102.0267 -241.9 40
46.9799 102.0259 -241.5 45
46.9799 102.025') -241.5 40
46.9799 102.0242 -242.6 49
46.9799 102.0231 -242.2 45

46.9799 102.0224 -241.6 44
46.9799 102.0216 -241.4 35
46.9799 102.0207 -241.0 49
46.9799 192.0199 -240.8 46
46.9799 102.0190 -240.2 34
46.9799 102.0181 -238.8 40

46.9799 102.0173 -238.6 58

49.9799 102.0164 -238.2 48
46.9799 102.0155 -237.6 53
46.9199 102.0147 -237.2 53
46.9800 102.0138 -236.5 52
46.9800 102.0130 -235.9 47
46.9800 102.0121 -235.2 45

46.9800 102.0112 -234.8 63
46.9800 102.0104 -234.4 48
46.9800 102.0095 -233.8 67
46.9800 102.0086 -233.6 b2
46.9800 102.0078 -232.2 64
46.9800 102.0069 -231.8 40
46.9800 102.0061 -231.4 53
46.9800 102.0052 -231.3 47
46.9800 102.0043 -231.0 34
46.9800 102.0035 -230.9 4b
46.9800 102.0026 -231.2 42
46.9800 102.0017 -231.3 42
46.9800 102.0009 -231.4 50
46.9801 102.0000 -231.3 44
46.9801 101.9992 -231.6 48

46.9801 101.9983 -230.7 48
46.9801 101.9974 -230.8 40
46.9801 101.9966 -230.9 52
46.9801 101.9957 -231.0 50
46.9801 101.9948 -231.1 47

46.9801 101.9940 -231.2 51
46.9801 101.9931 -231.3 48
46.9601 101.9923 -231.7 39

4o.9801 101.9914 -232.0 33
46.9801 101.9905 -232.6 57
46.9801 101.9897 -233.0 40
46.9601 101.9886 -233.8 52
46.9801 101.9880 -234.2 36
46.9801 101.9871 -234.8 40
4o.9802 101.9862 -235.4 32
46.9802 101.9854 -236.0 39
46.9802 101.9845 -236.6 51
46.9802 101.9836 -236.8 51
46.9802 101.9828 -237.4 40
49.9802 101.9819 -238.0 5b
4,.9802 101.9811 -238.6 54
49.9802 101.9802 -239.2 55

240
AAPLINE.

GC IAIR
2097 10.1
232 10.1

2185 10.1
2242 10.1
2319 10.1
2334 10.1
2388 10.1
2518 10.1
2656 10.1
2462 10.1
2319 10.1
2555 10.1
2343 10.1
2362 10.1
2764 10.1
2646 10.1
2260 10.1
2537 10.1
2623 10.1
2343 10.1
2637 10.1
2405 10.1
2761 10.1
2551 10.1
2626 10.1
2601 10.1
2837 10.1
2312 25.9
2287 25.9
2726 25.9
2186 25.9
2402 25.9
2395 25.9
2510 25.9
2330 25.9
2523 25.9
2433 27.3
2212 27.3
2424 27.3
2187 27.3
2231 27.3
2206 27.3
2372 27.3
1937 27.3
2384 27.3
1944 25.5
2146 25.5
2223 25.5
2281 25.5
2217 25.5
2348 25.5
2323 25.5
2618 25.5
2253 25.5
2390 24.6
2468 24.6
2259 24.6

AIII-2

690.9
685.3
684.8
683.8
685.3

684.3
686.3
683.8
684.8
683.3
684.3

683.3
683.3
684.3
684.3
682.8
684.3
684.3
683.8

683.8
683.3
683.3
684.3

683.3
683.3
683.8

683.3
682.8

683.3
682.8
682.8

680.7
682.8
682.3

682.3
682.3
682.8
682.3
681.2

682.8

681.7
681.7
680.7
681.7

681.7
683.3
682.3
681.2
681.2
681.2
582.3
691.2

681.2

682.6
681.7
682.3
681.2

240
ETH RANK

7.0+ 0

1.3- 2
6.6+ 0
6.4+ 0
7.1+ 0
7.8+ 1
8.0+ 1
8.2+ 1
b.2+ 1
8.1+ 1
7.9+ 1
7.8+ 1
7.8+ 1
7.9+ 1
8.1+ 1
8.2+ 1
8.1+ 1
8.1+ 1
8.2+ 1
8.2+ 1
8.5+ 1
8.6+ 1
8.9+ 1
9.0+ 1
8.b+ 1
8.4+ 1
7.9+ 1
7.6+ 0
7.5+ 0
7.4+ 0
7.3+ 0
7.2+ 0
7.3+ 0
7.6- 0
7.9- 0
8.3+ 0
8.2+ 0
8.0- 0
8.1+ 0
8.0+ 0
8.2+ 0
8.4+ 0
8.2+ 0
8.1+ 0
7.9- 0
7.7- 0
7.6- 0

7.6- 0
7.7- 0
7.9- 0
8.2+ 0
8.5+ 0
8.9+ 1
9.0+ 1
8.7+ 1
8.5+ 0
8.3+ 0

EU RANK
3.0+ 1
0.1- 3
1.9- 0
2.7+ 0
3.0+ 1
3.3+ 1
3.5+ 1
3.6+ 1
3.6+ 1
3.6+ 1
3.5+ 1
3.5+ 1
3.4+ 1
3.0+ 1
2.8+ 0
2.6+ 0
2.5+ 0
2.7+ 0
2.7+ 0
2.7+ 0
2.5+ 0
2.3+ 0
2.2- 0
2.2- 0
2.2- 0
2.2- 0
2.3+ 0
2.4+ 0
2.6+ 0
2.8+ 0
2.8+ 0
2.8+ 0
2.7+ 0
2.4+ 0
2.3- 0
2.2- 0
2.2- 0
2.2- 0
2.3- 0
2.2- 0
2.0- 1
1.8- 1
1.7- 1
1.9- 1
2.1- 0
2.3+ 0
2.6+ 1
2.7+ 1
2.7+ 1
2.6+ 0
2.3+ 0
2.2- 0
2.1- 0
2.1- 0
2.2- 0
2.1- 0
2.2- 0

K RANK EU/ETH RANK EU/K RANK
1.2- 0 0.43+ 0 2.48+ 2
0.1- 3 0.12- 2 1.45- 0
1.4- 0 0.29- 0 1.40- 0
1.1- 0 0.43+ 0 2.45+ 1
1.2- 0 0.42+ 0 2.48+ 2
1.3- 0 0.43+ 0 2.54+ 2
1.4- 0 0.44+ 0 2.58+ 2
1.4+ 0 0.43+ 0 2.47+ 2
1.5+ 0 0.44+ 0 2.41+ 1
1.5+ 0 0.45+ 0 2.37+ 1
1.5+ 0 0.45+ 0 2.30+ 1
1.5+ 0 0.45+ 0 2.28+ 1
1.6+ 0 0.44+ 0 2.18+ 1
1.6+ 0 0.38+ 0 1.91+ 0
1.7+ 0 0.35- 0 1.68+ 0
1.7+ 0 0.31- 0 1.50- 0
1.7+ 0 0.31- 0 1.47- 0
1.7+ 1 0.33- 0 1.56- 0
1.7+ 0 0.33- 0 1.56- 0
1.7+ 1 0.33- 0 1.54- 0
1.8+ 1 0.30- 0 1.41- 0
1.8+ 1 0.26- 1 1.25- 0
1.8+ 1 0.25- 1 1.21- 0
1.8+ 1 0.25- 1 1.21- 0
1.8+ 1 0.25- 1 1.19- 0
1.9+ 1 0.27- 0 1.21- 0
1.9+- 1 0.29- 0 1.24- 0
1.8+ 1 0.32- 0 1.30- 0
1.8+ 1 0.34- 0 1.41- 0
1.8+ 1 0.38+ 0 1.59- 0
1.7+ 0 0.39+ 0 1.65+ 0
1.7+ 0 0.38+ 0 1.61+ 0
1.7+ 0 0.37- 0 -1.56- 0
1.8+ 0 0.32+ 0 1.37+ 0
1.8+ 0 0.29- 0 1.26- 0
1.8+ 0 0.26- 0 1.19- 0
1.8+ 0 0.26- 0 1.19- 0
1.8+ 0 0.28- 0 1.27- 0
1.7- 0 0.28- 0 1.34- 0
1.7- 0 0.27- 0 1.30- 0
1.6- 0 0.24- 1 1.20- 0
1.6- 0 0.22- 1 1.12- 1
1.6- 1 0.21- 1 1.06- 1
1.b- 1 0.24- 1 1.21- 0
1.6- 1 0.27- 0 1.36+ 0
1.6- 1 0.31+ 0 1.50+ 0
1.6- 1 0.34+ 1 1.67+ 1
1.6- 1 0.35+ 1 1.66+ 1
1.7- 0 0.35+ 1 1.62+ 1
1.8+ 0 0.33+ 0 1.48+ 0
1.8+ 0 0.28- 0 1.30- 0
1.b+ 0 0.26- 0 1.23- 0
1.8+ 0 0.23- 1 1.16- 0
1.7- 0 0.24- 1 1.23- 0
1.7- 0 0.25- 0 1.32- 0
1.b- 1 0.25- 0 1.30- 0
1.6- 1 0.27- 0 1.36+ 0

ETH/K HANK

5.71+ 1
12.34+ 8
4.77+ 0
5.76+ 1
5.89+ 1
5.91+ 1
5.86+ 1
5.73+ 1
5.51+ 1
5.32+ 0
5.17+ 0
5.06+ 0
5.01+ 0
4.98+ 0
4.80+ 0
4.78+ 0
4.73+ 0
4.67+ 0
4.72+ 0
4.68+ 0
4.74+ 0
4.72+ 0
4.89+ 0
4.89+ 0
4.70+ 0
4.53+ 0
4.22- 0
4.09- 0
4.12- 0
4.21- 0
4.21- 0
4.18- 0
4.22- 0
4.33- 0
4.41- 0
4.55- 0
4.52- 0
4.52- 0
4.72+ 0
4.80+ 0
.O0+ 0

5.08+ 1
5.05+ 0
5.11+ 1
4.99+ 0
4.92+ 0
4.85+ 0
4.69+ 0
4.01- 0
4.51- 0
4.57- 0
4.73+ 0
5.00+ 0
5.22+ 1
5.24+ 1
5.25+ 1
5.11+ 1

1G;EJUAIA inTr. iC. AVE AE REC LISTING 1980
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GEUDATA INTERNATIONAL, iNC.
DALLAS, TEXAS

A< .0 0.75<4 0.90 1.05<C< 1.20 1.35<D< 1.50 1.65<E< 1.0 1.95<F< 2.10
2.25<G< 2.40 2.55<H< 2.70
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* 1II III HHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHH "HHHHHHHHHHHHHHHHMHHHHHHH HHH GGG..GGGGGGGGGGGGGGGG.. a GGGGGGGGGGGGGGGGGGGGGGGGGG G. .. -- .III HHHHHHHHHHHHHHHHH HHHHHHHHHH n HHHHH HHHHHHH HHHHHHHHHHHHHHHHHMHi H GGGG. GGGGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGG .-.. . -. e*.. 1III HHHHHHHHHHHHMHH HHHHHHHHHHHHHHHMHHHHHHHHHHHHHHHIHHHHHnHHHH HHHH4HH GGGGGGGGGGGG GGGGGGGGGGGGGGGGGG.--...... 1.......H 1 HHHHppHpH HH1H H MMNH H p H pHHpHp HM4HH HHH h HHHHHH HHHHH pHHHpGGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGG ......HHHHH HHHHHHHH yHHHH H H HHHHHHHH H H H1HHH H HH.HHHh4MHHHHHHHHH G GGGGGG GGGGGGGGGGGGGGGGGGGGG.HHHH H HHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHH HHHHHHH HHHHHHHHH HHHHHHHHHHHHHH GGGGGGG GGGGGG GGGGGGGGGGGGGGG .. ............ HHHHH HHHHHHHHHHHNHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGGGGGGGG CHCCHHGGGCGCGGGGGGGGGGGGGGGGHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHH GLGGGGG GGGGGCGG HHHHHHH GGGGGGG GGGGGGGGGGGGGHHHH HHHHHH HHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHH GGGGGG GGCC C HHHHHHHHHHHG GG GGGGGGGGGGGGGGGGGGGGGG.. .. .HHHHH HHXHH HHHXHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHH 'GGGG CGGGGGGGGG HHHHHHHHHHH GGGHHHHHHGHGGGGGGGGGGGGGG GGG GGGGGGS. .............. HHHHH HHH HHH GH HHHHHHH HHGHHHHHHHHHHHHHH HHH (GGGGGGGGCCCC HHHHHHHHHHHHHHH GGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGHHHHH II HHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHH GG GGGGGGGGGCCHCG HMHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGG GGGGGGGGGGGGGGGGG CGGGGGGGGGGGGGGGGGGG
. .... III 'HHH I II HHHHHHHHHHHHHHHHHHHHHHHCHHHHHHHHH HHHHHH LGGGGGGG GGG HHHHHHHHHH HHHHHHHHH GGGGGGGGG GGGGGGGGGGGGGGGGGGGGG GGG GGGGGGGGGGGGGGGGGG

.HHHH IIII HHHHHHMHHHHHHHHHHHHHHHH HHHHHHHHhH HG G G GHHHHHHHH CGGGGGGGGCCGGGC HHHHHHHMHHHHHHHHHHHHHHHHHHHHH GGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG........ M 11I HHHHHHHHHHHHHHHHHHHHHHH HHhHHHHHHH GG GGHHHHHHHCO GGGGG GG HHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGG GCGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG

* I HHIIII HHHHHHHHHHHHHHHHHHHHHHH HHHHHHH HHH HHHHH GGGGGGGGCCGGGG C HHHHHHHHHHHHHHHHHHHHHHHHHHHHHC GGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
*. . I"HHH.II1i l HHHHHHHHHHHHHHHHHHHHHHH HHHHHHHH HHHHHHH GG CC.CCCGGGGGGG HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH CGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG.... II. HHHHHHHHHHH HHHHHHHHHH HHHHHHHHH HHHHHHHH H iGGLGGGGG CGCC HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGCGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGII...1111 HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGHH,,GHGGGGG HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG... .I I HH HHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHGGHCHGHHHHHHHHHHHHHHHHHHHHHCGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG*.IIIIIII HH HHHHHHHHHHHHHHHHHHHHH HHHHHH HHHHHHHH HHHHHHHHHHHHHHHHHHHHHHH CHHCC GGGGGGGGGGGGGGGCGGGGGGGGGGGGGGGGGGGCGGGGGGGGCGGGGGGGGGG... 21..1. III I H HHHHH HHHHHHHHHHHHHHHHHHHHHHH HHHH HHHHHHHH HHHHHHHHNHHHHHHCGGGGGGGGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG.IIIIIII HHHhHHH HHHHHHHHHHHHHHHHH HHHHHHHHMHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCHHHHGGCGGGG GGGGGGGCGGGGGGGGGGGGGGGGGGGGGGGGGGCGGGGGGGGGGGGG........ IIIIIIIII HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHH GCGGGGG CGGGGCHHHHGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGG....... IIIIIIIII HHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH H HHHHHHHHHHHHHHHHHHCCCG GGG CHHHHH CCCC CCGGGGGGGCGGGGGGGGGG GGGGGG...... 1111111111 HHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHhhCCGG CC F CCGGGG HHHHHHHH GGGGGGG GGGGGGGGCGGG...... 1 III HHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHH GGC GGGG HHHHHHHHHH GGGGGGGGGGGGGGFFGG.. .... =IIIII HHHHHHHHHHHHHHHHHHHHN HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHH GG FFFFFFFFF GGGGG HHHHHHHHH CGGGGGGGGGGGGGFFFFFFFF FFF G...... IHHHHHFHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHH HH HHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHH GG FFFFFFFFF GGGGGG HHHHHHHHHHH GGGGGGGGGGGGFFFFFFFFFFFFFF C..... +HHHHHHHH HHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHH HHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHH GG FFFFFFFFF GGGGGG HHHHHHHHH GGGGGGGGGGG FFFFFFFEF FFF... HHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHH HHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHH CGG FFFFFFFFFF GGGGGGGHGHHHHHHHH GGGGGGGGGGCC C FFFFEEFF EEFFF........ + HHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHH HHHHHHHHHHH HHHHHHHHHHHHHHHHHHhHHHHH H GC FFFFFFFF CGGGGCGGHHHHHHHGGGGGGGGG+G FFF E DEE FF.... HHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHH HHHHHHH+HHH HHHHHHHHHHHHHH+HHHHHHHHHHHH CGGG FH'F CGGGGCGGG CCC+CCCCC+CFFS 000DD EE FF

HHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHH HHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHH CGGGGGGGG GGGGGG GG FF E D CCCC DD E[ FFHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHH HHHHHHHHHHHHHHH HHHHHHHH GC GGGGGGG CGGGGGGGGG FF E0 C AB CCC D E F
.. ... HHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHH HHHHHHHNHHHH HHHHHHHH GGGGGGGGGGGGGG CGGGGGGGGGGGGG FFF E C BH B CC D EE F. . HHHH HHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHH CGGGGGGGGGGGG GGGGGGGGGGGGG GG FF E C S B C D EE F...... HHHH HHHHHHHHHHHHHHHHHHHHHHHHHH HHHH HHHHHH HHH H HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGGG GGGGGGGGGGGGGGGGGG FF E DC B B CC 0 E FGG
... .HHHHHMHHHHHHHHHHHHHH HHHHHHHHH HHHHHH HH HHH HHHHHHHHHHHH HHHHHHH HHHHHHHHHHHHHHHHHG GGGG GGGG GGGGGGGGGGGGG GGG F E D CB B C CCD E F G

.... HHHHHHHHHHHHHHHHH HH HHHHHHHHHHHHHHHHHHHWHH HHHH H HH HHHH H HHHHHHHHHHHHHHHHH GGGG CCCGGGGGGGGGG GG F 0 CD S C 0 EE F GG
.. HIHH H HHHNHH HHH HHHHHH HHHHHHHNH H H H H H H NHH HH HHH HHHHHHH HH G FF5 C C 0 E F G HHUHUHH H HHyHlHHHpHHHH HHHq q p p CCCCCCCCCCCCCCCCC CCFF E 0 CS C 0 FF C H

..... IIIIIII HHHHHIIIIII HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHH HHHHHH GGGGGGGGG GGGG GGGGGGGGGGGG GGGG F E D DE FFF GG H
I II HHHHHH HH HH HHHHH HHHH HHHHHH GGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGG FF EEEE FFF CCCC

1...... iIIIIIIII I II IIIIIIIIjIfII H HHHH HHHNHHHH HHH HHH IHHHHHH G CCCCCCCCGGGGG CCGGGGGGGGG FFFFFFFF CCCCCCCC........ HIIHHIHNIH HHIIHIIHIII HHH HHHH HHHHHHHHHHpNH IIxIIIHGllIFFlGH HHHHHHHH CGGGGGGGGGGG GGCC CGGGGGGGGGGG GG FFFGGG GGGGGGG
.iiIuIIIIIVIIII IIIIIII I HHHHHHHH HHHHHHHHHHHHHHHHHHHHH IIIIIIIIIIllllll iI HHHHHHHHH GGGGGGGGGGGGGG CGGGGGGGGGGGGGGGGGGGCCC C GGGGGGC

.. .. .. x II IIIIIIIII IIIIIIIIf HHHHHHHHHHHHHHHHNHHHHHHHH HHHHH II I I 111111II HHHHHHHHH GGGGGGGGGGGGGG GGCC C CC C CGGGGGGG GGC C C C GGGGG
.IIIII II 111111 I1111111 HHHHHHHHHHH HHHH HHHHHHHHHHHHHHHI III C CCCCCCCCCCCCI1 HHCHHCCHH GGGGGGGGGGGGGG CGGGGGGG..... I... 1 IIIIIIIIIIIII1IIII1111 HHHHHHHHHHHH HHHHHH HHHHHHHHHHHHHMH HIII 1111 11111 111 HHHHHHHHHHC GGGGGGGGGGGGGG GGGG GGGG1....... 1. IIIIIIIIIIIIIIIIIIIIIIIII11 M HHHHHHHHHH HHHHHHHHHHHHHHHHNHHHHII IIIIIIII1I11IIT HMHHHHHHHH G C GGGGGGGGGGGGGGGGGGGGGGGGGGCGG

. . .... IIIIIIIIIIIIIIIIII 1 11 HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHH C GGGGGGGGGGGGGGGGGGGGGGG GG FF............... IIII IIIIIIIIIIIIIIHHHHHHHH HHHHHHHHHH HHHHHHHHHHHHH HHHHHHHHHHHHHH GGGGGGGGGGGGGGGGGGGG G FF E*..... . . . IIIIIIIII11 H HHHHHHHHHH HHHHHHHH HHHHHHHHHHHHHHHHHHHH1 HHHHHHHHHHHHHHH CHHHC GGGGGCCCCCGGGGCG....... IIIIIII IIIIIIIIIIII HHHHHHHHHH HHHHHHHHHHHHHHHHH HNH HHHHHH HH HHHHHHHHHHHCC C CCGGG GGGG G FE ED
... .I........... II I IIII II HHHHHMMHM HHHHHHHHHHHHHHHHHNHHHHHHMHHHHHHHMH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCHHH GGG GGG HHHHHHHHHH GF E C..... .II...IIIIIIIII II HHH HNHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHCHHHHHHHHHHHHHHFHHHHHHH HHHHHHHHHHHHH GGG GGG HHHHHHHHHHH GF E CV...............IIfIIII II III IIIII HHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGG GGG HHHHHHHHHHHH G F E

*I.... .II*I.I.I.I III I I I H H H N HHHHGHHHHHHHHHH HHMH H HHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHH HHCCCC CC CC

- . . ..II I 11I HHHHH HGHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHNHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGC GGG HHHHHHHHHHHH CH GG F
. .... .. IIIIIIIIIIIIIIIII HHHHHH G HHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GG GGG HHHHHHHHHHHH HHHCF SF.. HG+HHH HHH H HHHHHHHG 

G+GGG H HHHHHHHHHHHHH HHH GIHHH.XIIHIII H HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH.HHG HHHHH HHHHH CCC GGGGHHHHHHHHHHHHHG HH C F SH G
HHH-..HHHHH.H.H HHHHHH H HH HHI p HH NfHHHHHHH. H H H H H H HHHHHHH HH HHHHHHHHHHHHHHHHH HH GGG G GGGGGGGG HHHHHH HHHHHHHHHHHHHHHHHHHHHHHH HH HHHHHHHHHHHHHHH GGII.I.".*IIHHIIHIHIIHHHHHHH C H HHH H HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH H HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGGGGGG HHHHHHHHHHHHHHHCHCHH HHHHHHHHHHHHH F

"".. H HH HHHHH HHH HHHHHH HH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGGGGGG HHHHHHHHHHHHHHHHHHHHHHCCHHHHH GG

HHHHHHH HHHHHH H H HHHCHHN HHHnHHHHH HHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGGGGGG HHHHHHHHHHHHHHHHHHHHHH H GG HHH HHHHH HHHHHH H HHHHHHHHHHHH HHH H HH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGGGGGG HHHHHHHHHHHHHHHHHHHHHHH GGG

IIIIIIIIII HHHHC HHNHHHHHHHHHNHH HHHHHHH HHHHHHHHHHHHHHHHHHHHNHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGGGGGGNHHHHHHHHHHHHHHHCCCHF -

S+THHHHHH H H H H H HH H H H HHH H H HHHHHHHHHHHHH NHHHHHHH NHHHHHHHHHHHHH CCCGGGGGGGGGGH HHHH H HHHHH HHHHH
'* !IHIH IIHHHHIHHHHHHHHHHHHHH+N HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH CGGGGGGGGGGGGG CHHHHHHHHHHHHHHHHHH H HHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHH HhHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGGGGG GGG HHHHHHHHHHHHHHHHH HHHHH*H'.*..H HHHHHHHHHHHHHUHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGGGGG GGG HHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHH....... HHHIHIIIHIIIIH HHHHHHHHHHHHHHH HHHHHHH HHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHH HHHHHHHH HHHHHHHH HHH HHHHHHHHHHH GGGGG GGGG H HHHHHHHHHHHHHHHHHHHHHHHHHHHHH HCC H-HH

"-"--.- IH III III IIIII HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH H HHHHHHHHHHHHHHHHHIHHHHHHHHHHHHHHHH C GGGC C C GGGGHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHH HHHHHHHHHHHH

H-HHHHHHI II III IHII HHHHHH HHHHHH HHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHH CHHH CGGGGGHHHH HHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHH HHHHHHHHHHHHHHH

... ... IHH H HHH H H HH HHH GI I I HHHHHHHH H HHHH HHHHHHHHHHHHHHHHHHHH H HHH H HHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHH GG FFFFFFFFF G HH NHHHHHHHHHHHHHHHHHHHHHHHHH HHH HHH
*..IIII IIIIIIIIIIIiii IIIIIIIIII HHHHHHHHHHHHHH HHHHHHH HHHHHHH HHHHHHHHHH HH H HHHHHHHH HHHHHHHHHHHHHHHH H GG FFFFFFFFF G HH H HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

.. H HHHHNHHHHHNH HHHHNHlHHNIHIHHHHHHHHHHHNHHHHHHHHHHH HHHHHHHHHHH HHHHHHHHHHHHHHH GG FFFFFFFFF G HH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH- -.. I IHIIIIIIIII IIHIHIIHIIIIHIII HHHHHHHHH H HHHHHHHH HHHHHHHHHHHHHHHH HHHHHHHHHHH GG FFFFFFFFF GHH H HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH-*H H"Ie*I-.IIHII 1 9 17II IHIH HH H H HHHHHHHHHHHHHHHHHHHHH HHHH GGGC CC HH HHHHHHN HHH H H HHN H

--""""*-*-il1II1IIIIH H H H H H H H HHH H HNHHHHHHH GGGG GG HH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
...... HHHHHHH HHHH HHHHHHHH HHHHHHH HHHHHHHHHHHHHHHH GGGGGGG GGGGG NHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

-..... HHHHHHHHHHHH HHHHNHHHHHHHHHHHH HH HHHHHHHHHHHHHHHH GGGG GGGG HHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHH H
H....... HHHHHHHHHHHHH H HHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHH HHHGG GGGG HHHHH I HHHHHHHHHHHHHHHHHHHHHHHHHHH

INHHHHHHHHHHHHHHHHHHHHhHHHHHH HHH H G G G G H ~ II H HH H HHHHHH HH
....... HHHHHNHHHHHHHH H H HH.HHHMHHHHHHHHHH H G GGGG HHII HHHH H HHHHHH. .. .+IIIIII HHH HHHH+ HHHHHHHHHHH H H HHHHHH HH HHHHHHHHHHHH HHHHH HHHHHHHHHHHHHHHHHHHHH H H HH H HGGG GGGG H H I H H HH H H H H HHHHHHHHH H
.::...:.. IIIIIIIII HH HH H H HHHHHHHHHH +HHH HHHHHHHHHHHH HHH H HHHH H+HHHHHHHHHHHHHHHHHHHHHHHHHHHHH+HHH GGG GGGG HNH H+ HHHHHHH H HH HHHHHHHHHHHH..... N...II 11K1H 1 1HHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHH HHHHHHHHHH CGG CGGGG CHH I HHHHHHHHHHHHHH HHH HHHHHHHHH. .... VIIIIIII HIIHHHHHHHHHHHHHHH HHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHHHHHHCCHCHHHHHHNHGGGHHGGGG HH IHHHNHHHHHHHHHNHHHHNHHHHHNHHHNH

.. .. I,,, I IIII I HHHHH HHHHHH HHHHHHH HHH HHHHHHHHHHHHHH HH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHH GG G GGGGGG NMHH III HHHHHHHHHHHHHHHHHHHHHHH H0 HHHHHH H
.-...... 1111 H HHM H HHHHHH HH H HH H HHHHHHHHHH H H M HHHHHHHH N HHHHHHHHHH HH HH HH H HHHHHHHHHHHHHH H GGG G GGGGGGG HHH III I HHHHHHHHHHHHHHHHHHHHHHHHH HHH HH HX-- .IIIIIIII'II II II I H HH HNH H H H H NH H H H HHHH HH HN HHHHHHHHMHHHHHHHHHHH HH H H H HHHHHHHHHHHHHHH H G GGGGGGGGGHHHIIII HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH.. .II IIIIIHIIIHiHHHHHHHHHHHHH HHH HHHHHHHHHHH H HHHHHHHHH HHHHHHH HHHHHHHHHHHHHHH FGGGGGGGGG HHH IIII HHHHHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHIII 1 1HHHHHHHHHHHH HHHHHHHHHHH HHHHHHHHHHHH HHHHHHHHHHHHHH GGGGGGGGG HHH IIII HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHII I III IIIIP ,1IH HHH HHHHHHHHHH MHHHHHNHHH HH HHHHHHHHHHHHHHH HHHHHHHHHHHHHH GGGGGGGGGG HH IIII H HHHHHHHHHHHHHHHHHHHHHHHHHHH

....I IHIIIIHIHHHHHHHHHHHH HHHHHHHHHHHHH HHHHHHNHHHHHHHHHHGGGGGGG FFH F NH HHHHHHHHHHHHHHHHHHHHHHNHHHHHHHHHH

-*1e . .111 211H1HHH H HHHHHHHHHHHHHHHH HHHHHHHH HHHHHHHHHH HHHH HHHHHHHHHH GGGGGGGGGGG HHF IIIIC NHHHHHHHHH HHHHHHHHHHHHHHHHHHHHH
* .11-1 1HHHHNH H HHHHHHHHHHHHHHHHNHHHHHHH NH HHHHHHHHHHHHH HHHHHHH HH GGGG GGGGGG FHH III CH HHHHHHHHHHHHHHHHHHHHHHHHHHHH GGG----..- IIHIIII IIIH HHH HHHHHHHHHHHHHHHHHNHHNHHHHHHH HHHHHHHHHHHH HHHHHNNHNNNHH GCG FFFFF CIHIHHHNHHHHHHHHHHHHHHHNHHHNHH HHHNHH. ... .NIIIII 1 I 1II HHHH H HHHHHHHNHHHH H H H HH H H HHHHHHHHHXHH H HHHNHH GG H C GGGHHHF IIF I CHHHHHHHHHHHHHHHHHHHHNNHHHHHHH GGGGG

.... IIIIIIIII IIIIII HHHHHHN HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHN HNHHHH HHHHHHHHHGGGCFF CFF GIG HII HHHHHHHHHHHHHH HHHHHHHHHHHHHHHH GGGGGG-1.1NH.II.IIIIIII II I IIIIIIIIII HH H H HHHHH HHHHHHHHHHHHHHHHHHH H H HCHHHFHHHHHHFHHHHHHHHHHHHHH GGG FF EEE FF G HHHHHHHHHNHHHHHHHHHHHHHHHNNHHHHHHNGGGGG. I 
11  I III II II I HHHHHHH H HHHHHHHHHHMHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH GGG FF E EEFFF G H HHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHH

.,.".....IIfllIIIIIIIIIII HHH HH H H HH HH HHHH HHHH HHH NN HHNN CCC 1 C NH HHHH HNHHHHHHNHNHNHHHHHHHHHHHHHHHHHHHHHHH GGG FF E E EE FF G H HHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHH GIIpIH HHHHHHHHHHH HH HHH HHHHHHHHHHHHHHHGGFF EE D D EE F GNH H HHHHHHHHHHHHHHHHHHHHHHH H HHHHGHHH........ HIIIIIIIIIIIH HIIIIIHIIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH H GG F EE D DD EE F G H H HHHHHHHHHHHHHHHHHHHHHHH HHHHHH GG HH.HH IIIII II IIIII I IIIIIIIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHNHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH H GG F EE DCC DD E F G H HHHHHHHHHHHHHHHHH N HHHHHH G

. . . .. . . .HIII1 1HIHIH HHHHHHH HHHHHH HHHHH HHH H HHHHHHHHH H HHN HHHHHHHHHHHHHHHHHHHH HHHHHHHHH GG F CE D C DD EE F G HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHH G HN
............ .... IIISIIIIIIIII IIIIIIIIIT11HH1HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHNHHHHHHHH HHHHHHH GG F E D C DD E F G HHHHHHHHHHHHHHHHHHHHNHHHHHHHHH HHHHHHH.....-.. II IIII I! hhf 1 II HHHHHH HHH H H HHHHHH HHH H HM HHHHHHH H HHHHHHHHHHHHHHHHH HHHHHHHH GG F E DD CC DD E FF G HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHH........... ... I III IIII I I III IHIIIHIHI HHHHHHHH HHHHHH HHHHHHHHHHH HHH H HHHHHHHHH HHHHHHHHHHHHHH HHHHHHH GG F E D CCC D F G HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HH H... ...... .. .IIIIIIIIIIIIIIII1HHHHHHHHHHHHHHHHH HHHHHHHHHHHHH H HHHHHH H HHHHHHHHHHHHHHHH HHHHHH GG F E D C DD E F G HHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHNHHH.. IIIIIIIIIIII I IHIIHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH9HHHHH HHHH H HHHHHHHHHHHHHHHH HHHHHH G FC E D D NDD E F G HHHHH HNHHHHHHHHHHHHHHHHHNHHH HH............... IIIIIIIIIII I I IIIIHHHHN HHHHHHMHHHHHHNHHHHHHHHHHNHNHHHHHHHHHH HHHHHHHHHHHHHHHHH HHHHHH G F F DD D E F G HHHH HHHHHHHHHHHHHXHHHHHHHHHHGGGGGGGG... ...... IIIIIIIlI IIIIIII HHHHHHHHhHHHHHHNUHHHMHHHHHH HHHHH HHHH HHHHHHHHHH HHHHHH GH H CCCHH NH G HH HHHHHHHHHHH HHHGGGGGGGGG... .. HHIIHHIIIH +UHHHHN 

G 

fCCDIEII GGG H H H HHHHHNHGG GGHH
.. HH N HHHN'H HHHHHHHHHHHHHHHHHHHHH HHHHHHH G F E D CCC D E F GG HH HHHHHHHHHHHHHH H HHHHHH GGGGGGGGGGGGGGG

..............IIIIIIIIIIIII I IIIII HHHHHHNH H H HHHHNHHHMHHHNH NHHHHHHHHHH HHHHAH HHMHHG OD CCDE G U HHHNHHHNHHHHH GGGGGGHGG

............. ".1..................".. HHHHHHHHHHHHHHHHHH HHHHUHNH HHH HHH G HHMHHHHHHUHHHHHHHHH HHHHHHH H G FHHE DO CC D E F GCCHHHHHHHHHHHHHHH HHHHHH GGGGGGG ................... I.......................HHHHHHHHNHHHHH HH HHHHHHHHHHHHH HHHHHHH NHH G HHNHHHHHHHHHHHNHHHHHHHHHHHHHHHHHHH H CCC D CCCC ENFHHHHHHHHHHHHH H NHHHHHH GGGG.......H..H...+............................+HHHHHHHHHHHHHHHHHHHHH HHHHH HHHHHHHHHHHHHHHHHGGHHHHHNHHHHHHHHHHHHHHH HHHHHHHH NN H G F E DC CC CD E F GG HH HHHHHHHHHHHHHH H HHHH GGG...,...I.............................HHHHHHHNHHHHI+ HNHHH HHHHHHH+HHHHHHH H GH HHH+HHHHHHHHHHHHHHHHHH H G F E D CC C D E F CGCHHC HHHHHHHHHHHHHH GGG FF....:H .

......................... ............ I HUHHHHHHHHHH G HHHH HHH HH HHHH NHHHHHHHHHH GHGHH H NHHHHHHHHHHHHHHHHHHHH HHHHHH III H G F E D C BOC D E F GC NHH H HHHHHHHHHHHH HHHHGHFFFH........

GE ATA NIERNATIDNAL, INC.
iAU,AS, 'lEAS

e< J.3bU 0.450<6< U.540 0.630<C< 0.720 0.8l<D< 0.900 0.990<F< 1.080 1.170<F< 1.260
1.350<G< 1.440 1.530<H< 1.620 1.710<I< 1.800



I.. I. - -. VAL= 0.,2 ^ A*C K( U/TH 3 )LA ib.000000() LONG-102.00000000

......... "......0 CC CC CC DD EE DOD CCCCCCCCCCCCCC D p() ~DDDD G DUUDD DOODUDD D U E. D CCCCCCCCCCC D EE ODD (DDDDDDD DD CC . ...

................ C- CC CCCC DDDD DD CCCCCCCCCCCCC norDDo D o D)) LD0ODUODDD DO 0000DDD0D00 DO CCCCCCCCCCC DO DDDD DD0 DDDD D00 00DD CC...

. 0 CCCCCC DDDD DODD CCCCCCCCCCCCC ODDODL 0)'oL)00C0D0000D 000000U0 D) CCCCCCC C C 00 0DOD 0DDDDDD DD CC...
.............. DO C DODD D0D CCCCCCCCCCCCC :D000ODDUDDDD UDDODDDDODo 000 CCCCCCCCC CC D0D DDDDDDD00 C........

.DD0D DDDDD DDDD CCCCCCCCCCC CCCCCCCC DODL u0DD PD0)DDDD DDDD DDDD CCCCCCCCCCCCC DDDDD DD ..

.. . .... DDDD D0DDD DDDD CCCCCCCCC D DODODDDOD ODDDODD 0000000DDDDDDD CCCCCCCC DDDD D DDD CtC6CtC
... DDD DD0DDDD0 DD DDDDUDDU0 0 0D0[U D DDDL 0 oDDODDDODDDDDD ODoC CCC DDDDDDD D0D

............... DDDDDDDDDDD DDDDDD DDDDDDD0D00 DD 000UD0DD0UDDODODDOD DDDDDD0D0 UDDUD DDDDDDD ODD DD
............. ,. DDDDDoDDoDD 0D0 0DD0DD00DDDD0DDDODDO0DDD00DD000D0D00UD 000D0DDDDDDDDD0D)D0 DDDDDD DD DDD

............. 0. DD0DDDDDDD DDDD0D00 DDDDD DDDD C DDOODOODDDDD D OL DDDDDD D00D0 0DD D DDDD D CCC D0DD DDDD ODD
......... .. DD0 0000DD DDDD DDDDDDDDDDDD CCC 00DD000 ODODDDDD0 tr 00 0 000DDD EEE D0D DDD CCCCC DDD DD DOD EF

........ A A 00DD0DDDDDDDDDDDDDDDDDDDDDD DDDDD DDDD CCC 0D0000 DDDD000 0000DD0 0DD0D0D EEEE ODD DDDDD CCCCCC DDDD ODD DD
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.............. HH H HHHHHHHHHHHHHHHHHHHHHHHHH 17 III1 I II ~IIII IIIIIIII III IIII HH HHHHHHHHHHn k HHHMhh HH 11111111111 HHHHHHH hHHH 11II HHHHHHHHHHHHHH HHHHH GGGG GGGGG HHHHHHH. ... . .HHHHHHHHHHHHHHHHHHHHHHH HJ lHH IIIIIIII IIIII II H1111111 HHHH HHHHH H Hh HH HHHhHHHH 111111I 1 1 NH HHHH N H H H 1 1 HH HHMHHHHHH HHH H HHHHH GGG GGGG HHH HHHHHH.

. ..... H.HHHHHHHHHHHHHHHHHHHHH NH1 III11 1III 11 HHHHI1 1-HHHHHHHHHHHHHHHHHHHHH h b 11!I13 11111 HHHHH HH HHHHHHHHM NHHHHHH 4HHHHHH GGGG GGGGG HHHHHHHHH

HHHHHHHHHHHHHHH HHHHH HNH ItIiIIII11 HHHHHHH H li HHHHHHHHHHHHHH1HH1111IiI1l HHH HH1HHHHHH H H HHH HHHHHHH GGG GGGGG HHHHHH"HH........ GG HHHHHHHHHHHHHHHHH HHHHHHHH XH II I I I HNHN H NHHHHHHHHHHHHHHHHH 1111HHH14HHHHHHHHHHHHHHHHHH GGGGGGG HHHHHHHHH .. .. GHH HHHHHHHHHHHHHH HHH 
1111I11LI HHNHHHHHHHHHHHHHHN H G111GHHHGHGHH HHHHHHHGGGGHHHHHHHHH H0..0G G H10HHHHHHH HH HHHHII I II HHHHHH MH H n H HHHHHH H HHHHH H GGGGGGGGGGGGGGGGH HHHHHHHHH H.. ... ... GGGHGHHHHHHHHHHHHHHHHHHHHH21111111111HHHHHHHHHHHHHHHHHHH1HH G GGHHNHHH HGHHHGGHHHGGG HHHHHH II................ GGGGHHHHHHHHHHHHHHHHHHHHHHHH HH1111111GG1HHwHHH HHHHHHHHhHHHHHhHHHHHHHHHH GGGG GGGG GGCGGGGGGHH HHHHHHHHH I

. . . "GGGG HHHMHHHHHHHHHHHHHHHH IIIIIIII I HHHHHHHHHHHHHHHHHHHHHHH HHHHHMhHHHH HHHH GGGGG GGGGGGGGGGGGHHHHHHHHHHHHH
.GGG HHHHHHHHHHHHyHHHnHH H ]11 II11 1 HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHH 1 11IIII HHH GGGGGGGGGGGGGGG HHHHHH HH H HHH.... FF" GGGG HHHHHHHHHHHHHHHHHHHH1HH HIII11IIII HHHHHnHHH HHHHHHHHHHHHHHHMHH11HHH 11I HHH GGGG GGGGGGGGGGG HHHHHHHHHHHHH GGG HHH.FFF.GGGG HHHHHHHHHHHHHHHHHHHHHHHH IIIII1I II HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH11IJ I II HHH GGGG GGGGGGGGGGGG HHHHHHHHHHHHH GGGHGHH

....... FFF GGG HG H HHHMHHHHHHHHHHHHHHHH IIII111111111 HHHHHHH HHH HHHHHHHHHHHHHHHHHHHHHH111HHI HH GGGG F GGGGGGGGGGG HHHHHHHHHHHHH GGGGGG H. ...FFF GG HHH HH HHHHHHHHHHHHHHHHHHHHHHH11111I1I101 HHHHH HHHHHHHHHHHHHHHHHHH H HHHH 11 HHHHHHH GGGGG GGGGGGGGGGGG HHHHHHHHHHHH GGGGGGGGGG

. FFFG GGG HHH HHHHHHHHHHHHHHHHHHHHHHHHHH H1111 III1111I HH HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHHHHHHHHHHHH10 IHHHHHHHHN GGGGGGGGGGGGGGGGGG HHHHHH"HHHHM GGGGGGG........ F GGGH H HHH HHHHHHHN HHHNHH NHH 1 011IIIIII HH HHHHHHHHHHHHHHHHHHHH HH HHHHHHH HHHHHHHHHHHHHHHHHHHHH HH MHHH GGGGGG GGG GGGGGGG GGGGGGHNGHHHHH GGGGGGGGG.. GG HHHHH HHHHHHHHHHHHHHHHHH HHHH IHHH III1 III11 HHHHHHHH HHHHHHHHH HHHHH GGGGG G G GG G GGGGG H HHHHHHH G
.. e..... GG HHHHHHHHHHHHHHHH HHH H III I I I HIH HHHHHHHHHH HHHlf1HH hHH HHHHHHHHHHHHHHHHHHHHHHHHHHIHHH HHH N GGGGGGGGGGGG GGGGG HHHHHHHHHHH

... .GH HHH H HHHHHHH f0H1HHHHHHHHHH MHNHH IINIII HH HHNH GGGG H HHHHHHHH HHHHMHHHHHHHHHNN HNH GGGGGGGG G HHHHGGGGGGG HHHHHHHHHHHHH
G HH IIIIIIIII HHHHHHH HHHHHHHHHHHHH IIIIIIIIIIIIIIHHHHHHH HH GGGGGGGGGG HH HHHHHHHHHH NHHHHHH HHHHHHHHHH GGGGGGGGG HHHHHHHHHHHH

...... G HH IHII HHII HHHHHH HHHHHHHHHHHHHH HIIIIIIIIIIIIII HHHHHH GGGGGGGGGGGG H HHHH HHHHHHHHHHHH GGG GGGGGG HHHHHHHHHHHH GGGGGGGGGGG HHHHHHHHHHHHG....G HH I1 I H1H HHN" H HNHHHHHHHHHH1H II1111I III HHHIIHHHHH GGGGGGGGGGG HMHHHHH HHHH HHHHH GGGGGGGGGGGGGGGGGGG GGGGGG HHHHHHHHH GGGGGGGGGGG HHHHHHHHHHHHH
. . . G NM H

1
H HHHHHHHH IHNH NHHH IIII1II1II I HHHHHH GGGGGGGGGHNHHNHHHNHHHHHHHHHH GGGGGGGGGGGGGGGGGGGGGGGGGGGG HHH GGGGGGGGGGG HHHHHHHHHHHHH

... GG HH HH HHHHHHHHHHHH IIIIIIII11111I11 11 HHHHHH GGGGGGGGGGG HHHHHHHHHHHHHHH HNGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGGGGG HHHHHHHHHHHHHH
... N.....G HHHHHH HHHHHHHH HH 01111111IIII111 1 I HHHHH GGGGGGGGG HHHHHHHH HHHHHHHGH H GGGGG GGGGGGGGG GGGGGGGGGGGGGGGG HHHHH HH H GGG

..... G+ HHHHHH II HHH HHHHHHIHH I 01I1111IIIIII HHHHhhHH HGGHHHHHHHHNNHHHHHHHHH GGGG FFFFFFFFFF FFFF GGGGGGGGGG GGG HHH I NHH GGGGGGG. HHHHHHHH + IIIIIII H HHHHHHH +HHH1 IIIIIII IIIII + HHHH HG+HHHHHHHHHHHHH HHHHHHHHHGH +GGG FFFFFF FFFFFFFFFFFFFFF+FFFFFFFFF +GG HHH I II H GGGGG

........ HHHHHHHHHHHHHHH H HH11H11IIIIII1 I HHHHHH HHHHH~HHH 1111 111 HHHHHHHGHH HH HH HHH HHHN HHHHHHHHH GGGHHHHHHHHGGGFFFF EEEE FFFF EEEEEEEEEEEE FFFFF1FF GG G HHIJ JIHN G FFF
... HHHHHHHHHHHHHHHHHHIIlH111I1111II I HHHHHHHHHH TI111II111 HH HHHHH HHHHHHHHHHH HHHHHHHNMHHHHHGHHHHH GG FFF EE EEE EEE EEE FFFFFFFFFFFF GGG H I J J H GFFFF

........ HHH H HHHHHHHHHHHHHHHIIII I H HH HHHNH I.M 11111111111 HHH HHHHH HHHHHHHHHHHHHHHHHHHHHHHHHH H GEE EEE EGHHIH GG JFF FFFFFFF E FFFF GGG01 FJFFFFF GGG HHH I NH G FFFFF
.... HHHHHHHHHHHHHHHHHHHHH 1III1 HHHHH H HHHH 1110 1 II HHH HHHHHH MHHHHHHHHHHHHHHHHHHHHHH GGG FF EE EEEE EE DDDDDDDDD EEEE FFFFFFFFFF GGG H III H G FFFFFFFF

HHHH...HHHNH H 1101011H3HNHNHHH 11110011 HH HHHHHHHHNHHNHHHHHNHN 11G FF FFF FF 1G1 N IN 00

.. .... HH HHNHHHN HHHH HHH II 111 11 HHHHH G H HHHN " 1111111 HHH HHHHH HHHHH HHN H HHHHNHH HHH """"N NGG NHGHGHH GGG FF EE EEEEEEEE EDDDDDD FDDD EEEEF FFFFFFFFGGG H H G FF F......... HHH H N XHHHH H H HHHII HHHH HHHN 011111001111 HHNHHH H HHHHHHHHHHHHHHHHHHHHGG GG FF EE EEE EEE EEEE FFF G G H H GG FFF....HHNHNNHN HH H H H NHHH 0111111HH11 GGG HHH NH 1HNH H NHHHHNHH NHH HHHHHHHHHHHHHH NHGGGGGGG HGGGG FF1 L EEL EE LEEDDFD EEEEEGGC GGG J GGG FFFFFFFFF....... H H HHNHHHH H0HHHHHHHHHHHIIHHHHHHH GGGG H HHH 110 illI HHHHHHHHHHHHHHH HHHHHHHH GGGGGGGGGGG GGGGGGG FFFFFFFFFFFF EE DDDDDDDDD EEE FFFFF GGGGG FFFFFFFF
........ HHHHHHHHHHHHHHHHhHhHHHHHHHHHHHHHHHH MNNH1HH1HHHH H10HHH H GGGG GHHHHHI H HHH H H HHHHHHHHNNHH HHHGGGG GGGGGGGGGGGGILEEE OD DDD EEE FFFFF FF H H GFFFFFFFF '
........"HHHHHHHHHHHHHHHHHHHHH"HH1H011H 0 H H HHHHHHHH1HHH HHHNHHHHHH HHHH HN H GGGGGGGGGGGGGG GGGG F LE E ELOGGGGGGFGGGGGGGG FF EEE DD1EEEN FFFFFF FFGFF FFFFFFFFFF......... HHHHHHHHHHHHHHH HH HHHHH1H1 HHHH HHHHG HHHH 1 H HH H H HHH H HHHHH G G GG FFF EEEEEEEEEEE FFFFFFFFFFF EEEEEEEEEE FFFFFFFH HHH HHHHHHHH HHHHH GGGGG 10 HHHHHHH HHHHHHHHHHNHGHGG G H 1101 HH H H HNHHHHHHHHHHH01 G G HH FFH E HH E EEE EEE F F L1 GGGGGGGGGGG 0HHH 1H HHHHH HHHHH HH HHH GGGG G GGGG HHH HH FFFFFFF

........ HHH HHH HHH G G HG I II HHH H H HHH H H H NNGGGG GGG HHHH HE EL DDGGG DFF FFF FFFF FFF EEEEEEFF EEEEEEEE FFFFFFFF

.H...N HHHHHH GGGGGHHH H HHHHH G G GGG N 101111 I HHH HH NHNHHHHH HHGG 0111 GGG1 GGGGHHH I H GGFFFFF EL ODDODOD LEEKEEEEEEEEEEEEEEE0E FFFFFFFFF

.N.... HHHHHHHHH HNHHHH HHHHNHGGGGGGGGGGGG HHHH GGGGGGGGG HH III HHHHHHHHHHHHHHHHHHHHMH GGGGGGGGGGGGGG HHHH 11 HHH GG FFFFFFFFFFFF GGG FFF EEEEEEEEEEEEEEEE FFFFF..... G HHHHHHHHHHHHHHHH GGGGGGG G GGGGGGGG HHH III HHHHHHHHHHHHHHHHHHHH GGG GGGGGGG HHHHH I1FII FH GG FFFFFFFFF GGGGGGGG FFF EEEEEEEEEEEEE FFFF........ G H"G G GGGHHH GGGGGNGGGGGGGGGGG HH HHHHHHHHHHHHHHHHHHH GGGGGGGGHHHHHH III1 "HHHCGGG GGGGGGGGGGG FFF EEEEEEEEEEEFFFF
.............. GGG GG C HNHHHHHHHHHH HHH GG.1(G0GGGGGGGGGGGGGG HH11HHH110 III0H0 H GG LEE GGGGGGGGFF

......... GGG GG 1HHHH HCHHHHHHHHHHHHH G GCGFFFFFFGGG 01H1H1H1 HHH0H010H0 FF1' GGGGGGGGGGGG GGGGGGGGGF FEELE EFFFFFFFFF..... HHHH..H.N....N GG 01010101GGG N HNH NHHHH 01HH 10101H010H01010H1H10HHH H 1 HHHHHH HHNHHHHHH HH 1HG1 00101FGG0HHHHHH HHHNNH HHHHHH1H1 GGGGGGGGG GGGGGFFFF GGGGLLEEEEELFF

.. .. .. .G GGGHGGGGGGGGHHHH 10HHHHHH0HHHHH NHHHHHHHHH0 1 HHH HH HHHHHHHH H GHFFFFFFFFF GGHHHHHHHHHH 010101010101 HHHH HHHHHHHHHHHHHH EGGGGGGGGGGGGGGGGGG CGGGGGGGGG
................ H GGGGG FF GGGGGGGGG HH II HHHHHH HHH HHHHH H G FFFFFFFFFF GG HHHHHHHHHHH HHHHHHHHHHHHHHHHHH H GGGGGGGGGGGGGGGG

........ H.N.0. GGGGG FFF GGG H IIIIIII HHHH HHH HH G FFFFFFF FF GGG HHHHHHH HHH GGGGGG N HHH HHHHH 0H1HH1HFHHHHF' 000HF1HHHHEGGGLG

. G...............N GGGGG010F010G 00101I010101101010101 NN III GHH HH4HHHHHHHHGHHHHF010101 001010101010 HHNHGGG 1GGGG NH 01H 1 IFFFF HF HH 01001010101010 HFFHLE HEEHHHLLEGGGGFF

. . . . . . . . GGGGG FFFFF00 1G HH IIIIIIIII 111111 0 HHH G HH H HHHH HHHHHH0 HH G FFFFFF FF GG HHHHHH HHH GGGGGGGGG HHH III HHHHH HHHH0 1HHHHHH E HHHHHHH GGGGG
.0...... .. H GGGGGG FFFFFFF GG HH II IIIIIIIIIIIIIII HHH GG HHH HHHHHHHHHHHHHHH HH G FFFFFFF 0 FF G HHHHHH HHH GGGGGGGGGG HHH 111I HHHHH HHHH HHHHHH GGGGG

.. H 0GGGGGGG F FFFFFFFF GG HH NIIIII IIIIIII HH H GGGHHHHHHHHHHHHHH NHH G FFFFF F 10G10 HHHHH HHHH GGGGGGGGG HHH 1111 G HH HHHH FFHIHIFIGGGGGG
............... HH 1111GGGGGGGG0 1FFFFFFFFF 01GG H H HI NNHHIII HhHHH G H HH HHHHHH HHHHHH G FFFFFFFFF GG 011 HHHHHH HHH H GGGGGGGG HHHH IIII I HHHHHHHH HHHH IIIIIH01GGGGG0

......... G.0....101GGGGGGGG1F0 F F010101010 H" II HHHIIIII M IHHGGNGGGHH HHG NH G FFFFFFFFF 0101 H HGGHHHH GGG NHGGGG HHHH IIIHNNNHHHH H 1 1I1111III0II G GGG GG
.. 0...01..HH1G0G1GG G0GGGG G FGG GFFF0H10I0010G0GGGGG0GFFHHH GHEHGNGGGGNN H 0 FFFFFFFFF 01GG HHHHHHHHHHH GGGGGGGG H4HH IIIH HHH HH H H 01 0100IIIIIIIIIIIIII II HHH GGGGG

............... 011H0HG1G0GG1GG GG FF' 010101 NH +1G G1 H GGG+GGGGGGGGGGGGGGGG HG+ GG FFFFFF 010 HHHHHHHHH 01GGGG010101 HHH II+ HHHH HHHHF H
010101010101....GGGGGGGGGGGGGGGGGGGGG1111GGG1 01H 1 HH GGGGGGGGGGGGGG GGGGGGGGGGGGG 01 H H HHHHH01 1 H III HHHHH H NNIIIIIIINNIIIII I HHHH 01001GGGG. .. 0.0.. .00101NH1GGG1GGGGG111111 1 GGGG G11G11GG FF F GG HNH 01 FFHHHHFGG G GGGGGGGGGGGGGF11FFFF F0101GGG G11GGGGGG1010 1HH0 HHH III H HHHH HHH IIIIIIIIIIIIIII I H HH H 0 1GGG

........ ... 11 H XHG GGGGGGGGGG G GGGGGG FFFF FFFF FFGG GG G HH HHHHH H GGGGG G GG FF F G GGGGGGGGG GFFFFFFFG H HHHHHHHHH I IIIIIII III IIIII1I1 HIHHHH C GGG FFH I1 HNGGCGGGG

............ H G GGGGG 0 G 0101 NH 1FF GGG HHHH HH G HH HHHHNH HNFFFFFFF H0FFFFFFFFFFGGFF GGGG GG 01 GGGHHF F01GG0GGGGG111HHHHHHHHHHHH -- HHHNIIIII II HHHHHHH 0101GGG 0
.. .H GGI 1GGGGGGGGGGG1HH1GG G111111 F GFF GG HHHHHHHHHH GGG GGHHHH G GGGGGG

1...1.H.HHHHHHG GHGHGHG HHGGG G GG GCGGE F G G GHH H HHHHHG G HHHHHHHHHHH GG FFFF~F GGGGGGG GG G GG GGGG H HHHHHHHHIIIIIIIIHHH GG F

.I.H G GG GG GF G 1 1 1 1 HH N GGG 01 rFFFFFF FFFGG G GGGG H G GHH HHHHHHHHH0110101 G HH IHIHI IIIIII HHIH GGGGGGGG
. ..HXH Ii GGGGGGH GGGGGGGGGGGGGHH1GGGGFGGGGGGG1HHHHHHHHGGHHHGGGG11010G01010101FFFFFFF0GGGGG1GGG G GG HHHHHHHHHHHHHHH IIGGGG HHHHHN i1HHHH HNH N G GGG G

H. ...... HHJJ HHHHHH H1 "GGG "GGGGGGGGGGGG HHHGGG HGG GG G GGG G HHHHF F G H yHHHHHH HGG N HGGGGGGGGG G FF FFF GGGGGGGGG GGG G FG GGGGH H HH H H HHI I I HHII I I II I I II H HH G G

NH 0101010101010101 GG GG FFFFFFFFFFF 0101 N 1011 G 1G0 HHHHHH G10 GGGGGGGHGNHH GGGGGFF GGG HHHH F GHHG HHHHHHHHHHHG010101010101010101lH 1HHHHHNHI II III III I GGG

....... HIHHHHHH GGGGGGGGGGGGG GGGG GGG F HHHHNGGG HHHHHHHH GGG HGGGGGHGG F11FF01GGGGG0101GGG00101GGGHHHHHHHHHHHHHHHGGGHGGIHHHH IIIII HINHH H H 0GGGGG

...... HII HHHHGGGGGG F GGGGH4HNN H HH NHH GG1040C0G100 G01111GC NHHNFF + 0101 GGG GGG010 HHHHHNH+HH010010 NNHHH NHH 1HHHHHHHNHNH HHHHHH I I IIII+IIII HHHH NNGGGGGGGGGG

..... H H H HHHHHH H0HHH H GGGGGGGGGGGGG GGGGGG0HHHHHHHHHHHH GGG FNH FFFF GGGGGGGGGGGGGGG0001110 N HHHHHHHHHHNGHHH HHHH NNGHNGIGHIIIIIII HHHH GGGG
........ GG HGG HHHHH00 HHH00 HHHH1 HH1HHH H GGGGGGGGGGHF H0H010H0HH1HH HHHHH10HHHH GGG FFFFFGGGGGGGGGGGGGGGGG GGGGG0H1HHHHH0H HH0HHHHHHH GGGGGG HHG HHNGN GH HIIIIH NHHHHNGG GGG GGG

........ GHGHGGG " H"HHHHHHH HHH H HHHH GGGGGGH G HH HHHNHH HHH HHHGHHHHHGHHHH HHHH G GG G F GFG GGGGGGGGGGGGGGG GGGG HHH 11 H11 HHHHHHHHHHH M HHGGG GG GGGGG HMHHHHIIIIIII IIIIH HHHGGGGGG GG

....... .01 01H HH1 H HH01101101HHHHHHH G G GHH GGGFG01G H HHHHH 01010100G1101010G0GGGG GGGGG1GGGGH HHHH HHHHHHHHHIFFIIIFIII01 GH H NGGGGGG01 71G
...... HHHH HHHHHH HHH0101010010101010010101010110101010 FGGGGGGGH 01H0H H 010101HHFFF H GGFF FFF0101GGGGGGGGG1 HHHHHHHH GG H III IIII H NHHH

........ HH11 NH 00100 1001 H1011 1 0 "U H GGGGGGGH HH HHHH GGGG G HHHH G GG FFFFF 0G G GGGGGGGGGGG HHH II1 1 1 H HHHHHHHH IGGGGGGGGGGGHHH IIIII O HH H HH 010101 G

..... H HH HHH GGGG HHHHH HHHH G FIGIGGGGGGGGGI HHHHHHHGGGGGGGG HHH II HCHGG

....... GGGGGG HHHHH GGGGE F 01101HHHH01001HHHHGGGGGGGGGFGFF GGGGGGGGGGGGGGGGGGGG0HHH01 H HHHHHHH GGGGGGGGGGGGGGGHIIII HHHH01010101HHGGGG
0......GGGGGGGG G HGGHHHHGG H 0101HHHHHH 01 010GGG GGG F F F GGGG GGGGGGGG110IG0 H H HHHHHHHI GGGGGGGGGGGGGGGGFFFFHH IIIIII HHHH GGG

........ GGGGGGGGGGGGGGHH HHHHHHHH 311HX GGGGGGGGGGGGGGGGGGGG FGFGGGGGGGGGGGGGHHHHHIIII ~ HHHHHHH I+HRGGGGFFGGGGGGGGG HHH IIIIHIIIIIIIHHHH GGG

.... G G NGGG HG HH FXHF FHHHHH H HHH GGGGGGGFGGG GGGGG GGG GGGG GGGG HH IIIIIII H HHHHHHHH HHM G GGGGHFFFF IIEEIIIGIHHHHNG
........ HGGGGGG1 HHH HH HHHHH1HHHHHH1HHHHHH0HH0GGGGG1GGGGG GGGGG GGFFFFF F G GGGGGGGG0GG GG H HHI0III0I IHHHH HHHHHH H GFFFFFFF GGG HIIIIII H HH 010101 G71

. .... GGGGGGGG GGGGGG GG HHHHHH HH HHH H HHHHH"H"HHXHHHU H"HGGGGGGGGGGGGGGGGGGGGGGGHGG GI HHHH IH G FFFF G H I II HHHH G

. . . . . . G G G G G G G G G G N H H H H HH 1 0 1G G G G G GG0 GGG GG01 0 1 0G01 0 1 0G G G GG01 0 1 0 1 0 1G10 1 0 1 0 1 0 1 0 1 0 1 0 1"FGFE F"IMHFF F 010101IHDHHH.0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 HH HHHH HH F F 1 'G01 0 1 0 1 0 1 01G0101F FFFFFFF F 010101G GGNH HH HH HNHH HIIGGIGIGG GIBH N N 010101H HGH
...... GGGGGG GGGG H H H0H00HH0 HHH0H1010100101GG 01 00111HHHHHGGGGGGGGGGGGGGG FFFF

1
0101010101 0101 F HHHH 0 HHIIIGI HHHGHHHHH GHH GG 11F11GGGG H 1 III HNH 0110 G

... 0..GGGGGGGGGGGGGGG1HHH01HH01H1HH0101HFHHGGGGFFC010GGHHHH Il H GGGG GGGGGGGGGGGG F FF FFFF G GHHHH III "I HH GHG G IHGGG G HI IoFF . C IFI II HHHH.KG
.. + GGG HUHHHHHHHHHHHHHH010GHNGGGGGGG HHHH I101GGGGGGG10GG F 00 GFF F FG GHGIGHHHGHHHHNH HHHhHMHXGGIGIIGG H I IIIIF I EIF+G HHHHH 0101 GG

.. ... " G GGG G GGGGGGG HH H HHN H + H H GG GG GG GG HH H G G G G G G G GG . G G F FFFF GGGGG+ GGGGGG +GG H H H H H H H G GGG H H +HIIIII H H HHIH+ H GGCF F F F EEE FF G GGGI GGIII HHHH I IH.. . . G G G G G C G GG H H , H H H " H HH G GG G G G G H N G G G G G G G G G C G G CG G G G G

....... 0GGGGGGG G1H10HHHHHHH1HH0 H010101 F I H H1 GGGGGG GGG FFFF GGGG0101010101 010101 HH G 010101 IHIHGHHGHGGHHGHHHH HH GGGHGGEE E G H H H010101011011H
....... 01GGG1 0HHH1H01HHHHHHHH HH1 01010101010101 HGGG G G G GH01GG 01 FFFFF F FF1' 0101010101H1H01H G GG F GG 01001GG HHHHHHNHN HHN HH HH H GGG FG E I G HHHH 010101010101010100HHH H
.. ... 101I F GG G " HHHHHHHHHHH HHHHH HHH HHF HG GGGG G'GH H H H 010101 F FFHF FFF 01 GGGGG010 00110 0 HHHH I HNHHH GHHHHHHHH GGGGGGHHGHHHE C D G HHHH HHH 010101010101H 1 1HHH 0

. ... G11FF HGGHHHHHH NHH NH HH HHHHHHNHGGG GF GHGGG 0101 HFFFFFGGGG10010110101101011010G011010 HHH GGG HHNHHHHHHN H H GGGGGGHHGHHH G1G D CHG 0HH1010010111 H
.. ....11G HHH.FHHHHHHHGGG H 4H HHHHHH HHHHHHH GGGGGGHH GGGG FFFFFFFFFFFHHGGGGGGGHHHHNH 001 H1000110011101100 01HHHH 010101H H HHHH HHI HHHH HG0GG 10111H G GGHH HCHH 01 G 1G H0

....... H . F 0GGG1GG G H HHHHHHH HHHH GGG HHHH HHNH GG F FFF FFGG
........ NH FFF, GGGGHGHH HH HHH HHH HH HHH G F01F01F010G0101H HHH HHGI F FF1' G0 0 GGG 1 HHH GGGGGGHH001H1HHH HGGHHH HGGGGGG GGGGGGGHH100101101GH H D 1 C E 0 1GG 0

. ... ... F NF NGGGG HHHHHHHH H HH 0101HH 010101010 HHHH H GGGGG GFFG HF 01 F FF 0101010101010101010101010101010H HHH 1 H HH HHHH GGGGGGG HHH GGGGGG1GG0HII00110100110IHG 01
.... . FFF H HHHHHG HGHHH 01HHGGGGGGGGG HHHHNHN HHH 010101GGGG G GHG HG GGG F F010101 01010101010101GG0101010101H01010101FHHHHHHHH 010101010101010101010101 GHIHH CC EIGGHH G 010H

... .. GG F GG GG G G HHH HHH NHHNH GGGGGGGG HHNHNHH N HHH'IN 010101GGGGGGG G GG F FFF 101 0101GG01111II HHHG 00H G HNHH HHHNNHH 0 1GGGGGGGG GGGGG G HH 11iDC D NEIIN 0100101H
. . 010101.1010101 GGG HHH H HHHHHHH 0100110G GGGHGGGGGGHH GH HH GGGGGGG0101GG NHHF FHH FII II FFF 1IFF HGGGHHHHH" G G G FFFFFFFHHN HHHHH GGGGGGGGGG1G 1GGGGGG HN IHGH DD1 EE IH 0100101HH

........ GGG GGGG HG HHHHH HH GGGG01 G H HHHH 010GGGGGGGGG1HGG 010101HH FFFFFFFF1111F GGJJJJ01J11MNG0XHH0NHH H H HGG 01010101010101010101G0 GG G H HI J 1 D EGHH H HH. II
" 0.1..... 0G GG G HHH H HHHHHHH GGGGGG GGGGGGG H HHH GGGGGGGGGG GGGHHHH013 GGG110100 FF 11101FF FGG G H H G NHHNFF H HHHH G G 0101010101 101010101HHNI N G 1 1EE NGGGHH H01011

...... G. GG H.. .. H H UHHHN H HHHHHHN GGGGGGGGHH 0GGGGGGGGGGGGGGGGGIGGGG1K0K1H0 GGGGGG G G0GGHHHGGGGGGGN 1110HNH N 011H HIIN010 H G E I GGG HH HH 010101

.... 1... 0101GGG G 'GINNH H H HHHH HHH HG HGGGGG H 011110GGG 0000
01
11110G1110 0GGGG G0GGGGGGGGGGGGGGGGGG NH H11111 HNHG NGGGGGG 01H FHHHH01H101 HH GG1 GGG G11 HH HH 01

..... GGGGGGGG HN 11 HH HHN N GGGG HH'HHN HNHH GG 01010101 0GGGGGGGGGG 0011GGGGGGGGGGGG1100011111 N 1 H11011 I HHHG HGGGGGGG 101HH FFHH FH010101H 1GG IIHHH GG HH H............. GGGG1G HHUN HHH HH HH HHU HUH GGGGHGG 01010101FF GGGG~ 01010101010101GGGGGGGG IIIOI III N'IGH GGGGGG N HH 0101 FHHFHFHH010 HH I H1 GGG HHH001010......GGGG HH 01010101 0101010GG10101 HNGGG HHHHH HHHH GGGGGGGGG H III III HNHNHGGGGG 0101 H FF1'HHFF HH0110 HHH II HH01 GGGGG 01
................ GGGGGG H H 101HHHH H NHHNHHHHIHHN 01010101 01010101010101010101010101 F 010101010 GGGGGGG IIGGG 11HNI HNHHGG NHG0101GFF1'HFFFFFF HFFHH01 N I 11111 GGHHGG 010

0101010101.. GGGG 010101010101 0101HGGG FFFFFF GGG 01 H HHHHF 01010101HHHHHH GGGGGGGGGGGIIIII HHGN GGG HHH II0011 F1' FIIFFFIF0 111 H1 GGGGGG 010. :.. .. G... G HHHHHHHHH NHHH 11 GGGU1  011100 01E04.0 0GGG G H HH HH +HH 0HH GHHHG HH GGGGGGGGGG 1111 HHGGNGGGGGGG N HH 10 1' FFFIIE F0 H 11 GGGGGGGGG 010
010101010101010101 G HNHNHHHHHHH HNHN HH I 'I 0111000 011001100001100 GFGFF 0H10101010H1HHHH HHHHH HGGGGGGGG H H HHN HNH GG GGGGGGGFF 001F HHHH 0 I EF 0 H H GGGGGGGGG

.. ......... ' F GGG NHHHHHHH HHHHHHHNGG 010010010010010 01010 HH0101010H1HH HHHH H GGGGGGH G HH IH G GGG HHHHH 000 F 00 F D FII 010 HHHGGGGGGGGGGG
. . F......FFF GGGG H 'I HUU H HHHH HHHHHHHHHH GGGGG 0110 0100110 0101G HHH1G0 F F . F 011010101 HHHHHHGGGG 1 G HHHHH GGGGGI HHHHHHH 1 F1' 101001 L 0 0 NNHHN GGGGGGGNHH

............ FF F 010010010 HNHH NHHH HH H GGGGGGG 01 GGH GGG 1 H10101II FFFF1'FF
' 1'1 111 ' 1  

101101 HHHHHHHGGGHG HHH 01010 HN H 001H1101HHHHHHNG CBII CI DL FI 0101 HHHHGGGGGGNN....... F....0.0.0101010101GGGGNHHHHHH NH HH1H10H HG0GGGGFGFGFGGGGGG GGF FHHFFFIINFFI 010101 HHHNHHHNHHHNHHHGGG10101G1H101H0101010101H0101 NHIIIK F 0101 NHNHHNGGGGGH
........... FF FF'F 010101010101GG HHH HHHHHH0 GGGGGGGGGGGG GGGGGGG 011001 HHH FF IIFIFIIIIII I II 1FF H1011 HH HHHHGGGNNNH F GGGGGG 01001000 010101010101 0101H OCSBI CD EI FI 0101 H N NGGGH

.... ..... 01010101 G GGGGGG H HHHHMMH *. H G 0010GGGGGGGGGGGGGGGGGGFFFF FF FGGGGG F HHF IIF M I 01HH01 H H H GGGGHH FFH FHFN G 0100110110 01010101001H 010H I1HGFEDCB IIIC 0 IK 7' 01 NHHH HGG I
......... FFF F 01G00 GGGGGG GIH NHG G HHHHHHH H 0111111100HIN N GGGG0GGGG 1GGGGGGGGG HG HI 1011 

' 1 ' '  1 1 ' 
II JJJJJJ

' ' 1 ' ' 1
FFFF II 010101 GGGG HN'IH FNFHH G 0110001100 0101101101 01 H I CC 0 K FF 010101 HHHN 1GG 10

.............................. H....... HGGGGGG HHHHHH 0HH1H GGGGGGGGGGGGGGGGGGGG HHH NHHH100110H1NH 0011 FF'FFFF F JFFFFFFFJFFFIIFHH 010101NHHH NHH 01001100110 010101010101 HHHH IIII0IFEDCC I0 III FF 001 HH G 11
......... 0.......N.........-.a.....H..101GGG01 HHWHMHI0H0101GGGGGGGGG 001GFG GGGGGGFHFHHr FIIII FJr J FFFI1 F I00H10GG HFNNFH NHN 1100011 10 1 01010101010101H I JJ IIH F DO EL F 01 HH GG

01010101.. 101010101.................HHFF G GG GGGGGGGG G G GG GHHHHHHHHH0HH1G000JJ1KFKKKKKKKKKKFFF1 J1 IHH0GG FFF EEEEEEEE E F GG H IH0110 0101011 0JII 10 H I I 1'IE1 H1 GG ..."

GE AA INTENATINAL, INC.
ALAS, FXAS

A 2.4 2.40<14< 2.5 2.72<C< 2.88 3.04<D< 3.20 3.36<E< 3.52 3.68<F< 3.84

4.00<G< 4.1b 4.32<1< 4.48 4.64<I< 4.80 4.9b<J< 5.12 5.28<K< 5.44



'hLL 1NI 't'AL= 40.0U bISFAkCK ( HMAG ) LAT 4b.00000000 LONG-102.00000000

... EEEEE:F GG N I1 11111! H G 'F E 0 CCCCCCC CCCCCCCCCCCCCCCCCCCCCCC CChCCC 00 EE FF GGGGGGGGGGGG GGGGHHH HH H........
.... . FF GG NH IIP1111111H N GG F E CCCCCC CCCCCCCCCCCCCCCCCCCCCCC CCCCCC DG EEE FFF GGGGo0GG0GGGGGGGGGGGGGGGGGGGGGGG HNH HHHH H GGGG ....... ..FF GG NH I111111 NH G F E D CCCCC CCCCCCCCCCCCCCCCCCCCCCCC CCCCCC DODD EEEE FF

1
F I GIGGGG GGGGGGGCGCGGGGGGGGGGGGGGGGGG HHHHHHHHHHHH GGGGGGGGGGGGGGG

.. . . F G G HNH Ii1 h GG FF EE CCCC CCCCCCCCCCCCCCCCCCCCC CCCCCC DDOD EFE FFEF GGGGGGGG ,GGGGGGGGGGG HNHHHHHHNHHHHHH GGGGGGGGGGGGGGGGGGG ...
............... F FGG H NNH G FF EE D CCCC CCCCCCCCCCCCCCCCCCCCCC CCCCCC DDD E FF GGGGFFFFFGGGGGGGG GG HHHHHHHH GGGGGGGGGGGGGGGGGGGGGGG .....

.......... FF GG CHH HH H GG IF EE0 0 CCCC CCCCCCCCCCCCCCCCCCCCC CCCCC DOD HEF FFFE GGG FFFFFFFFFFGGGGGG G HGGGGGGGGGGGGGGGGGGGGGG FFF

............... FFF GGG HH HHHHH GG FF EE DD CCCCC CCCCCCCCCCCCCCCCCCC CCCCC ODDD EE FFF GGGG F FFFFFFFFFFFFFFFF F GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG FFFFFF

............... FFF GG H HNHHHHH G F E 00CCCCC CCCCCCCCCCCCCCCCCC CCCCC 000 EEE FFF GGGG FFFFFFFFFFFFFFFFFFF GGGGGGGGGGGGCG GGGGGGGGGGGGGGGGGGGGGGGGG FFFFFFF

............... FFF GG HH HHHH N G F EE DO CCCCC CCCCCCCCCCCCCCCC CCCCC DUD FEEE FFFF GGGG FFFFFFFFFFFFFFFFFFFFFFFFFFGDGD G CG GGGGGGGG GGFFFFFFFFF
.... FFFF GGG HHHHHHHH GG F EE D CCCCC CCCCCCCCCCCCCCCC CCCCC 0 FEE FFFF GGGGG IFF'FFFFFFFFF G GGGGGGGGGGGGG GGGGGG FFFFFFFFFFF

............... FFFF GG HHHHHHHH G F E DD CCCCC CCCCCCCCCCCCCCCC CCCC DDD EFE FFFF GGGG FFFFFE FFFFF G GGGGGGGGGGGGGGGGGGFFF FFFFFFFFFF
.. FFFFFF FFFF GG HHHHHH G F E DDD CCCCC CCCCCCCCCCCCCCCC CCCC DDDE EF FFFF GGGG FFFF FFFFFFFP FGGGGGGGGGGGGGGGGGG FFFFFFFFFFF

....... FFFFFF FFFF GG HHHHHHH G F EE DDD CCCCCC CCCCCCCCCCCCCCCCCC CCCC ODD FEE FFIF GGG FFFF EEEEEEEEEFFFFFFF FFGGGGGFGGFGG FFFFF
..... FFFFFF FFFFF GG HHHHH G E DDD CCCCCC CCCCCCCCCCCCCCCCCCC CCCC D0 EE FFF GGG IFIFFFF E EEEEEEEEEEEEFFFFFFGGFFFFFFFFFFFFFFE
....... FFFFF FFFFF GG HHHHHH G FF E DODD CCCCCC CCCCCCCCCCCCCCCCCCCCC CCCCC DO EEE FFFFFF GG FFFFFF EEEEEEEEKEEEEE FFFFFFFFFFFFFFF FFFFFFFFFFFFFFFE EEE

....... FFFFF FFFF GG HHHHHH G FF E ODD CCCCCC CCCCCCCCCCCCCCCCCCCCCCC CCCCC DD EEL FFFFF G FFFFF EEEEEEEEEEEEEEEEEE EFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF EEEEEEEE

....... FFFFF FFFF G HHHHHH G F E ODD CCCCCC CCCCCCCCCCCCCCCCCCCCCCCC CCCCC DOD EEE FFFFF G FFFFF EEEEEE EEKEEEEEEEEEE FFFFFFFFFFFFFFFFFFFFFFFFFFFFF EEEEEEEE

....... FFFFF FFFF GG HHHHHG G F EE DOD CCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCC ODD EEE FFF FF FFFFF F EEEEEEEE EEEEEEEEE F FFFFFFFFF FFFFFFFFFFFFFFFEEEEEEEEE
...... FFFFF FFFF GG HHHHHHHHHH GG F E DD CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCC DDD EEE FFFFF FEEF FFFFEFF F EEEEEE EEEEEEEEEEE EEFFFFFFFFFFFFFFF EEEEEEEEE

....... FFFFF FFFF GG HHHHHHHH G F EE DD CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCC DDD FEE FFF FF FFFFEFF FFFFFFFF FFFFFEEEE EEEEEKEEFFFFFFFFFEFFFFE EEEEEEEEEEEEE

.... FFFFF E FFFF GG H HN G F EE DD CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCC DD EEEEE FFF FFFFFFFFFFFFFFF FFFF EEE KEEEEEEEEEEEEEEEEEEEEE DDDDFED

....... FFFF EE FFFF G HH H G F E DO CCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCC DDDD EEEE EE FFFFFFFFFFFFFFFFFFFGGG FFF EE E E EEEEEEEEEEEEE EEEEEEEE000DDDDDDD00
...... FFFF EKE FFF G NH H G F EE DOD CCCCCCCCC CCCCCCC CCCCCCCCCCCCCCCC DDD EEEEEEEE EFF FFFFFFFF GGGG FF E EEEEEEE E EEE DDDDDDDDODDDDDD
....... FFFF EEE FFF G NH H G F EE DD CCCCCCC CCCCCC CCCCCCCCCCCCCCCC DODD EEEEEEEEEEEE FFFFFF GGG G G FF EEE EE EEEEEEEEEEEEE ODDDDDDDDDDDDDDDDDD
....... FFFF EEEE FFF G HH HH GG F EE DD CCCCC CCCCCCCCCC CCCCCCCCCCCCCCCC DDDD EEFEFEEEEEEEEEE FFFFFF GG GH G FF EEEEEEEDDEEEEEEEEEEEE DDDDODDDDODDDDDD
....... FFFF EEEE FFF C NH HH G F EE DOD CCCCCCCCCCCCCCC CCCCCCCCCCCCCCCC DDDD EEEEEEEEEEEE EEE FFFFF GGHHHHHH G FF EEEEEEE DODD KDEEEEEEEEEE 0DDDDDDDDDDDDDDDD

...... ".FFFF EEEEEE FFF GG HH NH G F EE DDD CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC DODD E.EEEEEEEEEE FFF GG HH HH G FF EEEEEE00000E E DDDDDDD DDDODODD
..... FFFF EEEEEE FFF GG HNH H G F EE ODDD CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 00000 EEEEEEE FFF GG HHNHNH G F EEEEE DDODDDDDDDDD EFDEEDD00000 000000

...... FFFFF EEEEEEE FFF GG HHHHHHHHHH G FF EE DD0 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC DDDDD EEEEEEEEEEE FFF GG H H G FF EEEE D0DDD DDDDDDDD DDDDDDD

....... FFFF EEEEEEEE FF GD HHHHHHH G F EEE DDD CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC D0D00 DEEEEFFE FFF GG H 1III II HH GG FFF EEE DDDDD DDDDDD DDDDDDDD DDDDDDDD
.. F+ EEEEEEEEF FFF GG GG FF EEE DDDD CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC DDDDD FEEFEEE FF G H II JJJJ I1 HH GG F EE DDDDD DDE0 F DDDDDDDD0000DDDDDDD

EEEEEEEEE FFF GGGG+GGGGGG FF EE DD CCC+CCCCCCC +CCCCCCCC DDDDDDD + EEEEEE FF GG H + J KKK JJ I HH G FF EE D+DD DDDD EEE+E DODDDDD00DDDDDDDD
.EEEEEEEFEKEEE FFF GGGGGGGG FF EE DD CCCCCCCC CCCCC DDDDDD DDDD EEE F G HH I J K LL KK J I H GD F E DD CCC DD EEFEEEE DDDDDDDDDDDD

EEEEEEFEEEEEEEEEE FFFF FF EE DDDD CCCCCC B CCC DDDD DDDDDDD0 EEE FF G HH IJ K L L J I H G E DD0 CCCC DDD EEEEEEEEEE DDDD00000
....EEEEEEEEEEEEEEEEEEE FFFFFFFFFFFFFF EE DDD CCCCC BBB8 BBHHHbbHB CCC DDDDDDD DODDDDDDDo EEE F G H J L NNNM LK JI HG F DD CCCCCCC DDD EEEEEEFEEEEEEE DDDDD E
....EEEEEEEEEEEEEEEEEEEE FFFFFFFFFFF EFE DDDD CCCCC BBRBBBBBBBBBBBBBBBBBBBRB CCC DDDDDDDD DDDODDooDODODDDD EEEE F GG H IJ LM NNNNNNNNN ML KJ IN GF EDDO CCCCCCC DDDD EEEEEEEEEEEE DDDDDD E
.EEEEEEEEEEEEEEEEEE FFFFFFFF EEE DDD0 CCCCCC BBBBBBBBBBBBHBBBBBBBBHBHB CCC DDDDDDODDDDD 0 0D0DD0DDDDDD0 EEEE F G H I KL NNNNNNN H K I G EDDD CCCCCCC DDD EEEEEEEEEEEEE DDDDDDD
.EEEEEEEEEEEFEEEEEEEEE EEE DD CCCCCC BBBBNBBBHBBBBBBBBBBBRHHBRMH CCC DODDDDDDDDDDDO D0000DDDDDD EEE FF GG HI JK M NNNNNNN bK J HG EDDDD CCCCCC DDD EEEEEEEE DDDDDDDD
.EEEEEEEEEEEEEEEEEEEEE EE D0 CCCCC BBBRBRHRHB BBBBBBBBBBNBBNBRBB CCC DDDDDDDDDDDDDD DDDDDDDDDDD F EE F G H JK LM NNNNNN L J HG E DD CCCCCC DDDDD E 00000DDD0000
.EEE EEEEEEEEEEEEEEEE EE DD0 CCCC BBNBBBBBBbBBMHBNBBBB CCC DDDDDDDDDDDDD DDDDDDDODDD EEE FF GG IJ LMM NNNNN ML K IN FE D0D CCCC DDDDDD DDDDDDDDDDDD
...EEEEEEEEEEEEEEEEEEEEEEEE EEEEE 0DD CCCC BBBBBBBBBBBBBBBHB BBb CCC DD00DDDD000 DDDDDDDDDDD EE F G HI Kb N NNNNNN N K IH FE DDD CC DDDDDDD DDDDDDDDD
..EEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEFE ODD CCC SBBBBBBBBBBBBBBBBBBNBB BBB CCCC DDDDD D 0 0D0DDDDDDDDDD E FF G I KLL MM NN M L J H FE DDD CCCCCCCCC DDDDDDDDDD DDDDDDDDDD
.EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE D0 CCCC BBBBBBBBBBHBBBHHBBBB NBHBH CCC DDDDDD DDDDDDDD EE FF G I J K LL MM L K J I GF EDDDD CCCCCCCCCCCCCCC DDDDDDDDDD D0DDDD0DDDD
..EEEEEEEEEEE EEEEEEEEEEE DDDD CCCCC HBBBNHBBBBRBHSBBRBHHBBB BNNBR CCCC D ODDDDDDDDD EKE FF G H I J K L K JJ I HG FE D0 CCCCCCCCCCCCCCCCCCCCCC DDDDDDDDDDDDDDDDDD
..EEEEEEEE EEEEEF DDD CCCCC BHBBBBBBBBBBHBBHBBBBNBB BBBBB CCCC 000D0DDDDD EE F GG NH II JJ J I H GF E D CCCCCCC CCCCCCCCCCCCC D0DDDD0D DD
..EEEEEEE EEEEEE DDDDD CCCCCC NBBBHHBRBBBBBBBBBBBBBBBBBBBBBBB CCCCC 0 0DDDDDDDDDD EEEE FF GG H I 11 NH G F D CCCCCC CCC DDDDD DDD
..EEEEEEE EEEEE DDDDDD CCCCCC CC BBBBBNBBBBHHBHBBSBHBBHBBBBBBB CCCCCC CDDDDDDDD DDD EEKEEEE FF CG NH HHHH G F E D CCCCCC HBBBBBBB8BBBBBBBBBB CC DDDD DDD

.EEEEEEE EEEE DDDDD CCCCCC BBBB BBN8N88BbBtBBBB8BRB8 CCCCCCC DDDDDDDDD0DDDD0D00 EEE F C GGG F E D CCCCCC BHBBBBBBBBB8BBBBBBBBB CC DDD 00D
..EEEEEEE F EEE DDD0 CCCCCCC BBB 88NBH8BBB88HBB8 CCCCCCC DDDDDDDDDDDDDDDDDDDD D FEE F G GGG F 0 CCCCCC BBBBBBRBBBBBBBBBBBB CC D0 0000

. EEEEEEE FF FEE 0DDDD CCCCCC BBBB 88BBBBBBH B85BBBN CCCCCCC O0000DDDDDDDDDDDDD K F DGG F EE 0 CCCC C C CCBBBBBBBBBBBB CCC D0DD0
.. EEEEEE FFF EKE 0DD00 CCCCCC BBbB 6BBB8BBBBBB8H CCCCCCC DODDDDoDDDDDDDDDDDDD D E F FFFF E D CCCCC BBBBBBB BBB CC DDD

... EEEEEE FFFF EKE 0000 CCCCC 88DCC CBBB BBBBBbBBBBBBBB CCCCCCC DDDDDDDDDDDD ED 0DDDDDDDD E FFFFFEFFF EE D CCCC 8 BBBBBBBBBBBB CC DD
EE.EE FFFFFF EEEE 00DD CCCCC CBBB8 B BBBBBBBB BB CCCCCCC D0D0DDD D EEEE 0DDDDDDDD EEEE00 0 E F E DCCCC CCBBB8 85 CC DDD EEE

........ E FFFFFF FEE 0D CCCCCC BBBB BBB8BB8BBCCCBB9BB CCCCCCC DDDDDDD DDDDDDDD E E 00000FDDDD EE EE DD CCCC B8BBBCCB 89C CC 0DDDD EEE
.K....... FFFFFFFFFF EEEE 000 CCCCCC 8B 888BBBBNBBBB CCCCCC DL)DD0DDDDDDDD EEE 0000000 00 FE EEEEEEE 00 CCCCC BB89BBBBBBBBBSBB9BB CCC 0000 EE

. .... E. FFFFFFFFFFFFF EKE DDD CCCCCC B B98CBBCBCB CCCCCC 0DD000000 DDDDDDD000EEE000000 EEEEEEE DD CCCCCCCC C C BBBBBBBB BBB CCC 00000 EEE
.FFFFF FFF EKE DD CCCCC 8B CCCCCC 00000000 E EEEEEEEEEE 0000 EEEEE 0DD CCCCCCCCCCCC CCCC 000D EE

................. FFF FFF EE DDD CCCCCCCCCCCC DDDDDDDD E FEEEEEEEEEEEEEEE DDDDD CCCCCCCCCCCCC CCCCC D00 EE o

............ KE FF G FFF EE D0 CCCCC CCCC CCCCCC 000D000 EEEEEEEEEEEEEEEEEEEEEEE DDDDDD CCCCCCCCCCCCCCCCCCCCC DD E F
........... F DGG FEF FE DDOD CCCCC CCCCCCCCC CCCCCC DDDDDDD EKEEEEEEEEEEEEEEEEEEEE D DDDDDDDDD CC COCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 0 EE

..FFF GGGGGGG FF EE DODD CCCCC CCCCCCCCC CCCCC 0DDDDDDDD EEEEEEEEEEEEEEEEEEEEEEEE DDDDDDDDDDDD CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC D0 EE '
............. F GGGGCGGGGG FFF EE DD CCCCC CCCCCCCC CCCCC DDDDDDDD EEEEEEEEEEEEEEEEEEEEEEE DDDDDDDDD CCCCCCCCCCCCCCCCCCCCCCCC DD E
............... :mGGGGGGGGGGG FFF+EE DOD CCCC B CCCCCCCC CCCCCC DDDDDD 0 EEEEEEEEEEEEEEEEEEEEEEEEFE DDDDDDDODD CCCC D
............ G G FF EE D0 CCCC 8 CCCCCCC CCCCCC DDDDD 0 EEEEFEEEEEEEEEEEEEEEEEE DDDDDDDD0DD0 0 0D0

.........G HG FF EE DOD CCCCC BBB CCCCCCCC CCCCC DDDDDDD0 EEEEFEEE EEEEEEEEEEEF D 0DDDDDDD
... .+. . HHHHH C FF EE DD0 CCCCC BBBB C CCCCCC D000DD EEEEEEFEEEEEEEELEEEEEEEEE EEDDDDDDD0

.............. HHHN HHHHHH GG FF +EE DD CCCC BBBBBB8+ + CCCCC DDDD + EEEEEEEEEEEEEEEEEEEEEEEEE+E DDDDDDDD DD0 + DDDD

.............. J11. HH G F EE D CCCCC BBBBBBBBB B88BBCCCC DOD EEEEE EEEFEEEEEEEEEEEEEEEE ODDDDDDODDDDDDODDODDODODODOODD DDOOD DDDDDD
............ ) III H VG F E D CCCCC HBBB B BM8HBBBBBBHR 8B CCCC DDD EEEEEEEEEEEEEEEEEEEEEEEEEEE ODODDODDDDDDDODDOODDDDDDDDDDDODD ODDDOODDODDDD

............ H II I HIII H G F E 00 CCCC BBBBBB B B BBBBBBBBSBBBB B CCCC DD EEEEEEEE EE EEEEEEEEEEEEEEEEEE DDDFDEDEDDDDDDDDDDDDDDDDDD000 DDDDDDDDDDDDDDD CC-C
.. HH .III JJJJ III H G F EE D0 CCCC BBBBMB8BB BBB8BBBBHBBBBBBBBBB 8BB CCCC DDD EEEEEEEE EEEE EEEEEEEEEEEEEEEEEEEE DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD CCCCC 0

....... HHH I JJJJJ II H C F EE DD CCCC BB8BBBBBBBBBBHBBBBMH8BBMB C CCC DOD EEEEEEEE EFEEEEEFEEE DDDDDDDDDDDDEDEEEDDDDDDDDDDDDDDD DD C
........ HHH III JJJ II H C F FE DD CCCC CBBBBBBBBBBBBBBBBBBHBBBBBB CCC DD EEEEEEEE EEEEEEEEEEEEEEEEEE DDEDEDDDDDDDDDDDDDDD DODD CCCCC
....... HHHNNNH III J III H G F EE D CCC C CCCC[ BBBBBB NBBBBBB8BBBBBBBBBBB CCC DDD EEEEEE FEEEEEEEEEEEEEEEEEEE D0D000DDDDDDDDDDDDODD CCCCCC
........ HHH III 11 H C FF EE D CCCCC CBBBBBBBMBMHNbBBBBBBBBBBBBBBB CCC DDD EEEEEEEE EEEEEEEEEEEEEEEE EEEEE0000DDDDDDDDDD00 D CCCCCCC

.... HHHH III 111I1 H G F E0DD CCCCC CCCCC C BBBBBBBBBBBBBBBBBBBBBBBB CCC DDD FEFEEE EEEEEEEEEEEEEEEEEEEEEEE EEEEEEEEEE E0DDDDDDDDDDD OD CCCCCC
.... HHHGG II1 GGII NH C F EF DD CCCCCC CCCCCCCCCCCC BB8BBBBBBBHBBBBBBBHBBBRBBBB CCC 0DDD EEEEEE EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEDDDDDDDDDDDD DD CCCCCC

....... HHHHH GIGIIII H G EEDD CCCC CCCCCC CCCCC BBBBBBB BBBBBBBBBBBBBBBBBBBBBB CCCCDDDDDDD EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE DEEDDDDDDD ODD CCC
....... HHHHHHNGN F FFN C FEKE D CCCCCCCCCCCCCCCCCCCCCCCCC BBBBBBBBBHSBNBBBBBBBBB CCC DDDD EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE DDDDDDDDD DDD CCCCCCC
........ NHHHNH HHFFHDHH GG FEFE DD CCCCCCCCCCCCCCC CCCCCCCCCC BBBBBBBBB88BBBBBBBBBBBBBB CCC DODD EEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEEEEEE EEE EEEEEEEEEEEE 0DDDD0DDDD 00 CCCCCC
.. H..... NH GGGGG FEFE DD CCCCCCCCCC CCCC BBHBB88BBBBBHBBB8BBBBBHBB CCCC DODDDDD EEEEEEEEEEE E EEE EEEEEEEEEE EEEEEEEKEEEEE ODDDDDDDDDDODDDD
....... NH GGGGGGGG FTFEE 0DD CCCC CCCC 8BBBB C8BBB8BBHB8BBB8 CCC DDDDDDD EEEEEEEEEE EEEFEEEEEEEEEEE ED000000D00DDD00DD

..... I NH GC FFFF EKE 0DDDD CCC BCBCBMB8B8B8BBBBCBBBBB8B CCCC ODDDDDDDDDD EEEEEEEEEEE EEEEEEEEEEEEEEEEEE DDDDDDDDDDDDD DOD

.... II NH C FFF EEEE 0000000DDDD0 CCC CCCBCBBCBBBBBBBBHBBBEB CCCC DDDDDDDDDDDDDD EEEEEEEEEEE EEEEEEEEEEEEEEEEE ED DDDDDDDD 000DD
....... 11N H G FFFF EEEEE 0000 0 CCCC C B8BBNB88NHCCBHHHBMBBBBBBB CCC DDD0DDDDDDDDDD0 EEEEEEELEEEE EEFEEEEEEEEEEEEEEEEEEE DDDDDDDDD DDDDD
....... II H GG FFF EEEE DD0 CCCC 888B8 CCCC DDDDDDDE0000000 EFEEEEEEE FFFFFFF ELEEEEEEEEEEEEEEEE DDDDDDDD DDDO DDDD
........ I HH GG FFF EEEEE DDDDD CCCCC CCCCC DDDDDDDDDD00 0EEEEEEEEEE FFFFFFFFFFFFFFFFFFFFFF EEEEEEEEEEEEEEEEEEEE DDDDDDDDDDDDD
....... 11 NH GG FF1 EEEEE DDDDD CCCCCCC C CCCCCC DDDDDDDOODDD EEEEEE FFFFFFFFFFFFFFFFFFFFFF FFFF EEEEEEEEEEEEEEEEEE DDEDDDDEDDDD

.II H GG FF KEEE 0DDDDD CCCCCCCC CCCCCCCCCCC CCCCCCC DDDDDDDD EDD E EEEEEFEE FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF EEEEEEEEEEEEEEE DDODDDODDDDD
....... 1. GG FF EEEE 0DDD CCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCC 00000000DDDDDDDD E EE E FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF EEEEEEEEEEEEEEEEE DD DDEE

....... I HH GG FF EEEE 0DDDD CC 00D000 CCCCCCCCCC 00000000DDDDDDDE FFFFFFFFFFFFFFFFFF FFFFF EEEEEEEEEEEEEEEEEEEE 0

........ II NH GG FF EEEE 0DDDD CCCCCCCCC 00000 K 000 CCCCCCC 00DDDD EEEEFEE FFFFFFFFFFGFF GFFF EEFEEEEEEEEEEEEEEEEEEEE

....... II H GG FFF E DDDDD CCCCCCCCCCCCCCCCC DODD EKE EEK 0 CCCCC 0EDDDDDDD EEEEEE FFFFFFFFFFFF GGGGG FFFF EEEEEEEEEEEEEEEEEEE EEE
....... I NH CGG FF KEEE 0DDDDD CCCCCCCCCCCCCCCCCC DOD EE FF FEF FE 00 CCCC DDDDDD EEE FF FFFFFFFFFFF GGGGGCGGGGG FFF EEEEEEEEEEEEEEE KEEEEEEEE

....... J II NH CG FF EEEE DDDDD CCCCCCCC CCCCC 0 DD EE FF GGGG FFF FE D DDDDDD EEEEEE FFFFFFFFFFF DGGGGGGGGGGGG FFF EEEEEEEEEEE EEEEE
..... J I GG FF F EEEEE DDDDD CCCCCC CCC D E FF GG GG FF FE D DDDDDD EEEEF FFFFFFFFFFFFFFFFFF GGGGGGGG GGGGG FFF EEEEEEEE F FFEEE

....... J 1 NH GG FFF EEEEE DDDDD CCCCCC CCC DOD EE FF GG GG F EE 0 C DDDDDD EEE FFFFFFFFFFFFFFFF GGGGGGG GGGGGG FFFF EEEEEEEEE FFF EE
..3. II NH CG FF EEEEE DDDDDD CCCCCC CCC DD EE FF GG GG F E D CC 0DDDDDD EEEE FFFFFFFFFFFFFFFFFFF GGGGGGGGGG 6C6+ F1 EEEEFF FFFFF

....... JJ I NH FFF FEEEEEE DDDDD CCCCCCC CCC D EE FF GG G F F 0 CCCCCCC 0DDDDD EEEE FFFFFFFFFFFFFFFF GGGGG GGGGGG FFF EEEEE FFFFF
..... II HH GG FFF EE0EE DDDDD CCCCCCC CCC 0DD EE FF CC GD F D CCCCCCCC DDDDD0 EEE FFFFFFFFFFFFFFFFFGDDDFF GGGGGG FF1 CEEEEEEE FFFFFFF

....... +J II NH GG FF EEEEEE + DDDDD CCCCCCC CC ODD FE FF CC GG E F 0 CCCCCCCC DDDDD 0 EEE FFFFFFFFFFFFFFFFFFF GGGGGGGGG GGGGGG FF EEEE+E FFFFFFFFF

....... JJ II HH G FFF EEEEEE DDDDDD CCCCCC +C DO FE FF GG CE G F+ K DO CCCCCCCC DDDDD +EEEE FFFFFFFFFFFFFFFFFF+ FGGGGGGGG EGEGG+ FF EEEEEE FFFFFFF
....... II NH G FFF FEEEEE DDDDD CCCCCC CCDO EEK F DCCDFFCC0CCCCCCCCC DDDDD EEEEEE FFFFFFFFFFFFFFFFFFFF GGGGGGGGGGGG FFF E EEEEE FFFFFFF

.JJ II H GG 1FF EEEEE 0DDDDD CCCCCCC CC000 EEFFFFFFFFCE 0 CCCCCCCCC DDD0 EEEEE FFFFFFFFFFFFFFFFFFFFFF G FFFF EEE EEEEEEEEE FFFFFF

.III HH GG FFFF FEEEEE DDDDD CCCCCC CC D EF E EEE D DFLE CCC CCCCCC D0DDE0 EEEE FFFFFFFFFFFFFFFFFFFFFFFFFFFFF FFF EEEEE EEELEEE FF . F
..... II NH C FE EEEEE 0DDDDD CCCCCC CC DD EEE EEEEE DOD CC CCCCC DDDDD EEEEEE FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF FFFFFF EEEFEKEEEEEEE EEEEEEEEEE F

....... III NH GGFFFFF FEEEE 0DDD CCCCC CCC D EEEEEE DODD CCC 8 CCC DDDDD EEEEEE FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFEFFFFFFFFFFF EEEEEEEEEE EEEEEEEEE FFF

....... II NHH GGG FF1 FEFEEEE DDDDD CCCCC CCC DD EEE DD CCCC BB CCCC DDDD EEEEEE FFFFFFFFFFFFF FFFFFFFFFFFFFF EEL EEEEEEEEEEEEEEEEEEE EE FEEF
III NH GGG FF EEEEEE DDD CCCCCC CC DO EEEE DD CCCCC BBBBB CCCC DDDD EEEEEE FFFFFFFFF EE EEEEEEEEEEEEEEEEEEEE EE FE

....... CCI HHHCGGG FFFF EEEEE DDOD CCCCC CC DD E 0D CCCC BBBB CCCC DDDDD EEEEEE FF EEEEEEEEEEEEEEEEEEEEE EEEEE

....... III ICHHH GGGG FFFF EEEF DDD CCCCCC CC DDD D CCCC 8BBBBB CCCC DDDDDD EEEEEE EEEEEEEE EEEEEEEEEEEEEEE
...1 II HH GGGG FFFF EE 0DDDD CCCCCCC CC CC0 00 CC NBBHBN8BB C CCCC DDDDDD EEL Y .E EEEE EEEEEEEEEEEEEEE EEEEEEEEEEE

....... J III NH H GGGG FFFF EE DDDD CCCC CCC CC 000 00C CC BIBBMMBBBBHB CCCCC DDDDDD0000 EEEEEEEEEE EKEEEEEEEEEEE E EEEEEEEEEEE

........ JJ II HHH GGGG FFFF EEEE DDD CC CCCC CCC 0000000 0 CC BBBBBBBBBBBBB CCCCC DDDDD EEEELE EEEEEEEEEEEEEEE EEEEE EEEEEEEEE EEEEE EEEEEEEEEEE
..JJ II HHH CGGGG FFF FEE 0DD CCCCCC CCC DDDDDDDDDO CCC NBBbNbRBBBBRB CCCCC 0DDDD000 EEEF EEEEEEEEEEEEEEEEEEEEEEEEEEDDDDDDD EEEE FEEEEEEEFE

........ JJ II HHN GGGG FFF EEE DDD CCCCCC CCCC CCC N NB MNBBBBNBNB B CCCCC 00DDD000 EEEEEEEEEEEEEEEEEEEEEELEEEEEEEEEEEEEEEEEEE DDDDDDDD EEEEEEEEE EEEEEEEEEEEE
......... III HHNH GGGG FFFF EKE DDD CCCCC CCCCCC CCCC HBBBBBB8BBB B CCCCC 000000DD0 EEE.EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE DDDDDDDDD0DD EEEEEEEEEEEEEEEEEEEE

....... J II HHNHF GGGG FFFF FEEE 0DD CCCC CCCCCCCCCCCCCC BBBBBBBBBBNB CCCCC 000 DD00000K EEEEEEEE 0DD DDDDDD0DDDDDDDD EEEEEEEEEEEEEEEEEEEEEEEEEE
..... III HHH GGGG FFF EKE D CCC CC8N5BHBBB NBPBB CCCCCCC DDDDD00D ELEE 0000000 00000000DDDDDDDD EEEEEEEEEFEEEEEEE

............ I HHN D GGGG FFFF EEE DD CCC BBNb88A8888M6BBBBB8B CCCCCCC DDODDDDODO 00000 DDDDDDDD EEEEEEEEEEEEEEEE
......... I HHH GGGG FFF EEEE DDD CCCCC BM88NMNBHBBB MHRPBBNBBBB CCCCCC CDDC UDDDDDDDDDODDDDODDDDD 00000 00000000DDDDDD EEEELEEEEEEEE

.NNHH GGGGD FFF EE DDD CCCCC BBBBPBB B BHBB RNHHBBBBBBl [ CCCCCCCCCCCCC D D D D D DDDDDDDDDODDDDDDDDDDDDDDCCCCCCCCC0DDD00 EEEEEEEEEEEEEEEE
HHNHHH GGGG FFF EEE ODD CCCCC BBHBBBBBBB R8BBFRHBMBNB8M CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC DDDDDDDDDDD CCCCCCCCCCCCCCCCCCC 0000D0 EEEEEEEEEEEKEE

........ HHHHHH GGGG FF FEE DOD CCCCC B8N8HMMRH8A b8RbH8H bBBHNbBR CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCC DDDDDD EEEEEEE

HHHHHH GGGGG FF1 EEE 000 CCC CC BBBBMBBBBBBBBMMMHMN HNBNDCMM N CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 000000 EEEE
......... HHNHH GGGGG IF EKE DOD CCC CC 8Bb~b888M88Bp8M8M BNBhBHRHBBM8HBN CCCCCCCCC CCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCC 000000 EEEE

.......................HH..MH ""GGG FF EEE DDD CCCCC 8BB Bb BBBBB 6 1 R F9RP 6bBBB BBBBR R8H R H8b 8 BPPBB 8EPN bB BBRHB8CCCCAC CCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC DDDDDDEEEEE...NHHHHH DGGG F EE D CCCCC BBBBABBBBBHBBB H8BBSANHBBBBBHBBBBMBBH8 RBHBHHHNB BNBNBBbb CCCCCCCCCCCCCC CCCCCCCCCCCC CCCCCCCCCCCCCCCCCCC DDDDDD EEE
............ HHHNHH DG FFEEE 00 CCCCC 8NNHBBB8BHBBBBBHNH8NH8BBBENNNHBN88M8BMBBHMBP'H8BBBHBNBBBBNBBMBH8BBBIN CCCCCCCCCCCCCCC8CCCCCCCCC DDD E

.................... GD IF FE 00 CCCCC 8BB8B8H B8H888HM88RBNN8HNNN88H8NMNM8H8N8M88HHMRBBBNHB888t8U8BB88b8BBBHB 88888888 CCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCC 00000000...

..................... G FF FE 00 CCCCC HHBBBBBMBMBBB HBBMNMHMMNBBNBBBNBBBHHMMBMHHHb8BBBNBHMBB NNMMMHb'HBHHBF8RHBSBBBBNN CCCCC CCCCCCCCCCC CCCCCCCCCCCCCCCCCCCC 00000000...

.... . GG FE DD CCCCCC C B RBBBBbHNHHi HBSH8BBh+HBFBNHHBPBHBHBMMHRHdbNHBbhb bbBI)HHB BbHBT bBBBBHB CCCCCCCCC CCCCCCCCCCCCCCCCCC DDDDDD........

........ +..........................+G FF FE DOD CCCCCC BBBBNBBBB BNNHMHBB MMBHRHNBH BBBB NBH8NHMNH hBNNNBHNRBBBBNBBB BBB CCCC+CCCCCCCC DDD......

................. FF.E DD0 CCCCCC +BHHNBFbN HB88BBBHR+MbbHNBHBMNBHMNHB + MMHN+bM 8HHNbBHBBBB+BBBB BB+B81BB CCCCCCCCCC DD........

............................--.. F.....-GGYFFE D CCCCCC BbBPHt lBdAHBHR98FdRH9HBRbNP A AAA AA BBHtbbB9bbBBBBBBBBBB BBBBBBBBBBBB CCCCCCCCC 0......

GEJDATA INTERNATIONAL, INC.
is LLAS, TEXAS

< -UO. -560.<8< -520. -480.C< -440. -400.<D -360. -320.<E< -280. -240.<F< -200.

-1b0.<G< -120. -80.<H< -40. 0.<< 40. 80.<J< 120. 160.<K< 200.

240.<L< 200. 320.<M< 3b0. 400.<N< 440.



(Bibliography Cont'd.)

N.T.M.S., 1954, National Topogra
Quadrangle; U.S. Geol.
Scale 1:250,000.

Andrews, D.A., 1936, Suggested Fort Union-Lance Correlations in Montana
and the Dakotas; Wash. Acad. Sci. Journ., Vol. 26, pp. 387-
389.

Ballard, W.W., 1969, Red River Formation of Northeast Montana and North-
west North Dakota; U.S. Geol. Surv. Bull. No. 906-B, pp. 40-
57.

Collins, S.G., 1954, Geology of the Dakota Badlands; So. Dak. Geol.
Surv. Rep. No. 17, pp. 26-42.

Carlson, C.G., and Freer, T.F., 1975, Geology of Benson and Pierce
Counties, North Dakota; No. Dak. Geol. Surv. Bull. No. 59-4,
pp. 18-29.

Carlson, C.G., and Anderson, S.B., 1965, Sedimentary and Tectonic History
of North Dakota Part of the Williston Basin; Amer. Assoc. Pet.
Geol. Bull. Vol. 49, 11, pp. 1846-1863.

Darton, N.H., 1909, Geology of the Central Great Plains; U.S. Geol.
Surv. Prof. Paper No. 32, pp. 351-373.

Fenneman, N.M., 1928, Physiographic Divisions of the United States;
Amer. Assoc. Geol. Ann., Vol. 24, pp. 460-520.

phic Map Series, Bismarck, North Dakota
Surv. NL14-4, Ltd. Rev. 1976, Map,

Randich, P.G., 1979, Geology and Ground Water Studies of Grant and Souix
Counties, North Dakota; No. Dak. Geol. Surv. Bull. No. 67-
Pt.III, pp. 1-41.

Vine, J.D., 1962, Geology of Uranium in Coaly Carbonaceous
Geol. Surv. Prof. Paper 356-D, pp. 113-170.

Rocks; U.S.

Walker, G.W., and Osterwald, F.W., 1963, Geology of Uranium-Bearing
Veins in Conterminous United States; U.S. Geol. Surv. Prof.
Paper No. 455-A, pp. 16-46.

Wilson, R.D., et.al., 1951, Composition and Properties of the Pierre
Shale and Equivalent Rocks, Northern Great Plains Region; U.S.
Geol. Surv. Prof. Paper No. 106-B, pp. 10-32, 78-112.

Zeller, G.D., and Schopf, E., 1959, Core Drilling for Uranium Ores,
Harding and Butte Counties, South Dakota, and Bowman County,
North Dakota; No. Dak. Geol. Surv. Bull. No. 1055-C, pp. 31-
42.

I., 1967, Geology of Epigenetic Uranium Deposits in Sandstones
of the United States; U.S. Geol. Surv. Prof. Paper No. 538,
pp. 68-96.

Frye, C.I., 1969, Stratigraphy of the Hell Creek Formation in the Dakotas;
No. Dak. Geol. Surv. Bull. No. 54, pp. 92-111.

Hancock, E.T., 1922, New Salem Lignite Field, North Dakota; U.S. Geol.
Surv. Bull. No. 726, pp. 7-16.

Lemke, R.W., and Kaye, C.D., 1953, Geologic Map of Bonbells Quadrangle,
North Dakota; U.S. Geol. Surv. Open File Map, Scale 1:48,000.

Lemke, R.W., 1960, Geology of the Souris River Area, North Dakota; U.S.
Geol. Surv. Prof. Paper No. 325, pp. 38-55.

Lloyd, E.R., 1914, Cannonball Lignite Field, Morton County, North Dakota;
U.S. Geol. Surv. Bull. 541, pp. 24-37.

Martel Laboratories, Inc., 1980, Geology of the Bismarck Quadrangle;
Prepared in accordance with Specification No. 1125-C for the
U.S. Dept. of Energy, Map, Scale 1:250,000.

BIBLIOGRAPHY

Finch, W.



I



17* .O t'Pti'I,'l4 Ifl ?\" '((' rl V. ',h "d \ rip ,: -y",
, 1 r(?f ' i 4' #.74}t~L '. S '$j4t/ IIS(~" Ii'ts{ ii#-\$Jnr'T'' { ) i'% 4. T'~ /A;' 't YJ)/It7t~('~' i ht'~syY$'4n~g~~b tttt rf~F~r~V 4~h$9( j ?%I 'O'tt ~Y

11 'l ' VjJ~1' t.. C",, tAr~ ' "'. r 4t ~' )i'(fpyr % _i S >~

pa P'' k(s 11

T' E~'r'. ,Y 4"' ri)(1' 4 t " '' P f h (4 k ' f l ' ,tx 'S y% ~ IK '~ ,
tI1 'r ill~ @ '1 .. A ,k

!x , { ^;! C r{{,, y;v$';q , .1 rr~;~ h ls J

. F7 lvv // h2 4 ; ! -Vt y ~,,

~ . At 1 .A 4 t1 . ' z

J"_ t4 $ J 2 $< K t V Y qe v5i. r .'"!' ,"a3

9' I (~ 'j kI & 4 '/ A \~ f 31Y E + dr,1, o

,. } , y "P , 1 t';, ! " I> g ̂
4at 1/ yg

4  
4"/ '4 t ci~t ,, ,h 44 )

i:' J }ti!' r " .. ~ ~ i ' f'~"f~ ; ' t :&. rrr 9v Y vf,;
{m I '' ",~4 .W t ~ . & .4 "N "add !' ,' r( ' -

t
l A -'A S

k-
M  

A~>~ '&~;fj 5i
7 

'. '/yy 'tr fr' frr , .a' yif4'!'
,11t tl l1 If Sr " C 5 F a l ' x-'U ,"':rt to ' !,;K4

4
$V '1. ,,vt A.~ "\ Y 3

7W n1 ' 54 T t r'. --1~7 ' } ' c'.& %r, f'
*Y' Mxl < r -9 dM;p 4 , 'e « _d r'

7~ 'ItrllJ , ' V " "
n_ t. 'N4}t, "' r ,~ ~ ~ V~r4 L 4 / tb- , '~3Y

\''tri kr1'e , r rLY r2..' 4t ""'.' I 'II E, t4M 'rU f i''4
I. 14" n1 \1.1 't9tt$ ~ w %~' rrx ~~i t4 o -4'',r A t~i ' I '~i tdi / i

,, A%'?)$$ " A 4 IV ' p"

1 . . . 4  
% 2 , + , . . " ' . : .. t y ' f l hYp4 s y ; 'vru

P 9 Ii, ''{ i" r,' I ' d3P ' ' ,'"'t ,!IhJ' 1 ' rQy t4
9

i~ c~~

t>Y i4 4 d t~ '" ,.. -1 ,A ' 42.tly~P M A (t4 l " L" E".'v '

r 

', AUP A. r t' 14 ' 14"4 I "- I -% 4 b { 
4 
A > ~ ~ f k " I H ~

'' r} "7 ;i"s$i St 'i ft , Ii" ' t 1 ,. r^ ? 'i
4

''/~ M

Ir 4, 'kI p4 44 ~y '1}f p . ! vM ' & . 4M ,,,1t y us;"' t t 4 A "

4' ' "' ,\t4 ""4 44-' 4'''

i"1 -" "!:,% 1 ( ' !.) ,,:,4 '4 \ '> 3 ,f ~ l$ c , v l '
' [ d R , 7 ra>j111(4 - '71 -'.7. '1 4 ' , - ' J' 4'4 " 4 4 P l ' 2',U t 41 44 . '( " 4 4

5- ' Q ~ " ' ) A 444t + ~ ", ~ ~ ' % V t "t~~'' ' : ) ~ 4 ( ~ ' 
4 

i t ~ ~ 4 . 4 A 1 h W s 2 %~+>,'' ' / t . V' r J ~ K~/ - 4:7

4'-'r 4, r h4 ki Y's t P" r>' ('- 6 RA; e r'~~ 4."--'11"'4-\" "'" 'J!4,.~

44~~~~~~~~~~~~ ""4 
7 4

,'. 4'< ' .' -44 '4> '-' i W" W'

%1 h dV'i/N4 4-4C ' , o"+i ' i ' ry , : ; r ! <) + " , 
4 

p , : " ' N ', C~ " 4 " ' a4 i 4 " , ,

A ! 44) " 4fT al y ,~y x 4 2' r -' 0 ~'4 I V "'~

C>144t 14

4;33"'A

I "

iYS i A l ' .i + 1' yl s 'S
, t '+ ^t 4*S :/,J '4J

'S i( lN/, ' 'Ik&Q'' 4' !
''ii { '41! - ?,

, ~44 - IR

iti?')4#,y A ht;1 ,;t4'i 4S)

}7 ,t1= q~ r . ~c.P ~ t" -SA A- f "-' "e #'

2 4
) 5'4;' fl x:,' : j 0 '

. ~ 4

!54Vt"1 r* 4;uV' 'f,'4P'fl"'3) I 1


