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ABSTRACT 

The PesuLts of anaLyses of the aiPboPne gamma Padiation and total 

magnetic field survey flown foP the Pegion identified as the 

San AngeLo NationaL TopogPaphic Map NH14-1 is pPesented in this PepoPt. 

The airboPne data gathePed is Peduced by gPound computeP facilities to 

yield pPofiLe plots of the basic uPanium, thorium and potassium· equiva

lent gamma Padiation intensities, Patios of these intensities, aiPcPaft 

al.#tuiiR above the e=th 's sUJ?face, totaL gamma Pay and eaPth 's magnetic 

fieLd intenaity, oorPelated as a fun.c#rm of geologic units. The 

distl'ibution of data within each geoLogic unit,' foP aU suroeyed map 

lines and tie lines, has been calcuLated and is included. TWo sets of 

pPofiled data foP each line aPe incLuded, with one set dispLaying the 

above-cited data. The second set includes onLy flight lfne magnetic 

fieLd, tempePature, pPessuPe, altitude data pLus magnetic fieLd data as 

measuPed at a base station. A genePal description of the aPea, in

cLuding descriptions of the val'ious geoLogic units and the coPresponding 

a.iPboPne data, is incLuded also. 

/ 
I 

TABLE OF CONTENTS 

ABSTRACT 

SECTION 

I. INIHUUULIJUN 

II. 

ITI. 

IV. 

A. Survey Area 
B. Summary of Map Location, Geology and Physiography 

FLIGHT OPERATIONS 

A. Survey Time Summary 
B. Line Coordinate Location 
C. Test Line Results 
0. Magnetic Diurnal Correction - Base Station 
E. Altitude and Ground S[ler?d Summary 

GEOLOGY OF THE SURVEYED AREA 

A. Location and General Physiography 
B. Geology 
C. Description of Geologic Map Units 
D. Radioactive Mineral Prospects in the Surveyed AreiJ 

RESULTS OF DATA ANALYSIS 

"A. Description of Stacked Data Profile>' 

B. 
r.. 
D. 
E. 

L 1·1ultivariable Radiometric Profiles 
2. Residual Magnetic Field Profiles 

Single and Average Record Listings 
St~tistical Presentotion of Data by Geologic Type 
Frequency Distribution of Data of each Geologic Type 
Data Interpretation 

L 
2. 
3. 

Analysis of Geologic Histograms 
Discussion of Anomalies 
Summary and Recommendations 

F. National Gamma Ray ~lap Series 
G.· Line Printer Contours 
H. Stacked Data Profiles and Geologic Histograms 

PAGE 

I-1 
I-1 

II-1 

II-1 
H-1 
II-1 
II-1 
II-1 

III-1 

I II -1 
III-1 
I I I- 2 
I II- 7 

IV-1 

IV-1 

IV-1 
IV-1 

IV-2 
IV-2 
IV-2 
IV-2 

IV-2 
IV-2 
IV-16 

IV-17 
IV-17 
IV-19 



I 

(Table of Contents Cont'd.) 

SECTION 

V. GEODATA DATA ACQUISITION AND PROCESSING 

A. Data Acquisition System 
B. Data Processing 

1. Data Reduction 
2. Description of Data Processing 
3. Data Presentation 
4. Statistical Analysis Procedures 

APPENDICES 

I. PRODUCTION SUMMARY 

A. Production Summary Table 
B. Test Line Results Table 
C. Diurnal Corrections Table 
D. Explanatory Notes 
E. Speed and Altitude Tables and Histograms 

I I. TAPE FORMAT STATE~1ENTS 

Ill. COMPUTER LISTINGS 

IV. LINE PRINTER CONTOURS 

BIBLIOGRAPHY 

ii 

PAGE 

V-1 

V-1 
V-6 

V-6 
V-10 
V-14 
V-15 

AI-l 

AI-l 
AI-2 
AI-3 
AI-4 
AI-5 

LIST OF FIGURES 

FIGURE 

1.1 Survey Index Map 

1.2 Geologic Base Map 

I I.l NTt1S Showing Flight Line Location 

IV. ( 1 6) National Gamma flay Map Se!"ic~ 

V.1 Survey Aircraft 

V.2 System Block Diagram 

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

V.4 Data Reduction Flow Chart 

LIST OF TAGLES 

TASLE 

IV.(l-6) Geologic Unit Aver~ge Value as a Function nf 
l·lap Line 

IV.7 

IV.S 

IV.9 

IV.10 

IV .11 

V.l 

Mean (X) and Standard Deviation (o) for Each 
Geologic Type 

Geologic Units with Apparent Significant Vari
ations from Unimodal Distributions, Based on the 
Analysis :of the eTh Histo9rams 

Summnry of Anomalies 

Radioactivity Anomalies pel' Geologic MilfJ Unil 

Statistical Summary of Radioactivity Anomalies 
per Geologic Period(s} 

Data Reduction Parameters and Constants for 
N540S 

iii 

/ 

PAGE 

I-2 

I-3 

II-2 

lV-18 

V-2 

V-3 

V-5 

V-12 

PAGE 

IV-(3-8) 

IV-9 
·;-·· 

IV-10 

IV-11 

IV-12 

IV-13 

V-11 



z ·0 
1

-u w
 

(f) 

.• 
.. 

z 0 -
.

.... 
(.) 
::::> 
0 0 0:: 
.... z -



SECTION I. 

INTRODUCTION 

A. SURVEY AREA 

Geodata International, Inc., Dallas, Texas, conducted an airborne 
gamma ray and total magnetic field survey for the San Angelo National 
Topographic Map Sheet as outlined in Figure I.1. This survey was 
performed from a fixed-wing ai rcraft, using a computer-controlled, 
lu1 !JO:: •vol umc •·ad iation detector ~y~tcm to dotoct the ~amma r~rli;,. 
t ion flux emanating from the surface materials. Each map line WdS 

flown in an east-west direction with line lengths of 118.0 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.l. 

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 San Angelo National Topographic Map Sheet (N.T.M.S., 1954) 
represents d JJOr'tion of westcentral Texas. The area i 5 bounded by 
latitudes 31ooo• to 32°00 1 north, longitudes 100000' to 102ooo• 
west. The map area includes all, or part of, the following counties: 
Coke, Concho, Crockett, Glasscock, Irion, Menard, Midland, Reagan, 
Runnels, Schleicher, Sterling, Tom Green and Upton. (Figure I.2) 

The map sheet area is located within the Central Texas, Edwards 
Plateau and High Plains sections of the Great Plains topographic 
province. Each section appears to have a discrete age and type of 
exposed rock associated with it. 

lhe San Angelo map area is included within lhe Midland Basin 
portion of the Permian Salt Basin. The former structural element 
began control of sedimentation for the region during the Pennsyl
vanian per1od, and Wd~ ~ui.J~e4uer~Lly I.Jur ·i et.l uy Cretaceous and 
Cenozoic deposition. 
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SECTION II. 

FLIGHT OPERATIONS 

A. SURVEY TIME SUMMARY 

The San Angelo map sheet was flown bet1~een March 30 and April 4, 
1980. A detailed list of dates flown and lines flown on those 
dates, as well as average altitude and speed for those dates, 
a f!f!ed r ~ i 11 Afii·"";·,J i X 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 navi~ator 
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. TCST 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 
1 n Appehdi x 1. C. 

E. ALTITUDE AND GROUND SPEED SUt1MARY 

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 II I. 

GEOLOGY OF THE SURVEYED AREA 

A. LOCATION and GENERAL PHYSIOGRAPHY 

The aerial radiometric and magnetic survey was conducted over a 
rortion ot weStcentral ·1exas. Thl:! Sarr Arryl:!lu Nallurral TuiJuyraphic 
Map sheet area (N.T.M.S., 1954) is-delimited by latitudes 31000' to 
32000' north, longitudes 100°00' to 102000' west. The survey area 
includes all or part of the counties of Coke, Concho, Crockett, 
Glasscock, Irion, Menard, Midland, Reagan, Runnels, Schleicher 
Sterling, Tom Green, and Upton. ' 

According to Fennman (1931), the San Angelo map sheet area is 
located within the Central Texas, Edwards Plateau and High Plains 
sections of the Great Plains topographic province. The Central 
Texas section is characterized as a plateau in maturity and later 
stages of erosion. The rocks associated with the region are 
typically Permian in age, and have a Quaternary rock cover. The 
Edwards Plateau region is described as a young plateau with a 
mature margin of moderate to strong relief, and it exposes Cretaceous
aged limestones and dolomite. The High Plains section is marked by 
broad, intervalley remnants of smooth, fluviatile plains, and 
Pleistocene-aged rocks predominate. The Colorado and Concho rivers 
flow through the map sheet area. 

B. GEOLOGY 

The structural and depositional history of the San Angelo map sheet 
area (Figure I.2) has been reported by Sellards et.al. (1932), 
Sellards and Baker (1934), Conselman (1960) and McGowen et.al. 
(1979), and these data are summarized in the following. 

Paleozoic Era 

The oldest exposed rock in_ the San Angelo region in westcentral 
Texas is the Leuders Format1on (unit Pl) of Perrrrian age. This 
predominantly shaley unit was provided clastics from a land mass to 
the east-southeast. The Llanoria land mass is presumed to have 
uplifted several times during the Paleozoic. 

The region in which the San Angelo map area is included was sub
jected· to relatively mild dowm1arping during the Middle Pennsyl
vanian. A basin was formed as an antecedent to the Permian Salt 
Basin, and continued to subside throughout the Permian period. 

Within the basin and presumably synchronous with basin formation, 
the relatively localized Pecos ~nrl RPngnn rr[llifts were fanned, The 
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former uplift or platform divides the southern Permian Basin into 
two subbasins. The eastern subbasin, termed the Midland Basin, 
includes the map sheet area. 

Along with Leuders Formation deposition, chemical sedimentation 
occurred in the partially restricted basin throughout the Permian. 
A localized halt in subsidence of the Midland Basin produced an 
unconformable -surface in some areas at the close of the Permian. 

The Mesozoic Era initially saw little change of structural features 
in the survey area. The continent continued to emerge. There was, 
however, renewed subsidence over those uplifted portions of the 
basin during the Upper Triassic to produce the Dockum Group~ 

The Penrrian Basin was then peripherally filled, receiving sediment 
from the east, south, and west. Lowlands to the east and west were 
transversed chiefly by meandering streams. Higher gradient streams 
with flashy discharge existed over the southern part of the· basin. 
Chief sediment sources were Paleozoic sedimentary rocks (McGowen 
et.al., 1979). 

By Late Mesozoic, Pal eo zoic structura 1 features were covered by 
Cretaceous sedimentation during encroachment of the Late Cretaceous 
sea. Subsequent regression meant the relative removal of these 
sediments over the High Plains region of Texas. The streams 
reversed their flow direction to flow gulfward. The approximate 
present-day order· ur land forms in the region become established. 

Cenozoic Era 

·The history of the Cenozoic Era records a series of transgressions 
and regressions of the sea. Facies relationships are reportedly 
quite complicated due·to relatively abrupt lateral as well as 
vertical change in sediment type. The J1redominant environment of 
deposition for Cenozoic-aged deposits was terrestrial, and included 
lacustrine, fluviatile, colluvial, and aeolian deposition. Struc
tural element£ 1n the Midlitnrl Rnsin 1·egion are purtly obscured by 
evaporite solution resulting from Cenozoic surface drainage (McGowen 
et.al., 1979). 

C. DESCRIPTION of GEOLOGIC MAP UNITS 

The following brief descriptions of the outcropping units in the 
San Angelo map sheet aren are given, based on descriptions from 
Henderson (1928), Page and Adams (1940) and the Army Map Service 
(1974). Thicknesses are reported where known. 
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Cenozoic Era 

Quaternary 

Qal: Alluvium 

Floodplain deposits. The unit includes low terrace deposits near 
floodplain level, localized deposits- of bedrock in the stream 
channels and localized deposits of well-cemented, limestone- and 
chert couule-conglomel'ate. 

r 

Qs: Windblown Sand 

Comprised of sand and silt which form sheets. It locally includes 
cover sand. 

Qau: Quaternary Deposits, Undivided 

Undistinguishable deposits of alluvium and unit Qao in dissected 
areas. Includes caliche locally covered by silt in gently sloping 
areas. 

Qc,Qcc: Caliche and Gravel Deposits 

I~ the eastern portion of the map, the unit Qc forms partly allu
~lated flats above the level of fluviatile terraces. The deposit 
1s [lnr~ly stream cut, mostly soil covered, In the western portion, 
the un1t_Qcc represents caliche devoid of covering materials. 
Total th1ckness of both units is no greater than 15 feet. 

Qu: Pleistocene Surficial Deposits, Undivided 

In the ea~tern portion of the map, the unit is comprised of sand, 
clay, cal1che and gravel. It may include older terrace remnants 
lag_gravel, residual soil and colluvium commonly cemented by ' 
cal1~he. In the central and western portions of the map, the unit 
cons1~ts of brown and greyish-brown silty sand and sandy silt 
depos1ted as broad, gently sloping sheets produced mainly by 

'sheetwash action. 

Qt: Fluvintile Terrace Deposits 

The u~it contains gravel, sand and silt clastics. The gravel is 
compr1sed of pebbles and cobbles of chert, quartzite, igneous rock, 
metamorphic rock and caliche. Toward the upper limit of the unit 
abraded Gryphaea fossils predominate. The sand constituent is ' 
characterized as a quartz sand with cross-bedded to massive 
lenti~ular beds. The unit is reddish-brown, pink, grey to light
grey 1n color. 
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Qp: Playa Deposits 

Comprised of light-grey clay and silt. In shallow depressions, the 
unit is typically covered by a th i rr deposit of Recent sediment of 
Wisconsonian age. 

Qs3: Seymour Formation 

The unit predominantly consists of limestone pebbles, reworked from 
Cretaceous outcrops, that ar·l:! arryular· Lu rrrud~rately well-;·ou11d~d. 
The deposits have a caliche cement and are elongate in the direc
tion of slope and wedge-shaped in cross-section; deposited by high
gradient streams. The thickness ranges from 5 to 40 feet. Probably 
equivalent to the unit Qao. 

Qao: Quaternary Deposits 

This unit is predominantly comprised of boulders, cobbles, and 
pebbles of Cretaceous limestone and chert. Locally overlain by 
brown silt. 

Qta: Tahoka Formation 

Lacustrine clay, silt, sand, and gravel, locally calcareous and 
selenitic. The clay and silt subunits are sandy and indistinctly 
bedded to massive and weakly cuh~rent. Var·ious shades of light
grey and bluish-grey in color. The sand is characteristically a 
fine- to coarse-grained quartz sand, and it is indistinctly bedded 
to massive. It is friable, grey in color, and grades to a gravel 
at the margins of the deposits. Molluscan and vertebrate fossils 
are present in the unit. Up to 25 feet thick. 

Qcs: Windblown Cover Sand 

Contains fine- to medium-grained quartz. The unit is silty, 
calcareous, massive, contains caliche nodules, and is greyish-red 
in color. It has a distinct soil profile. Maximum thickness is 
iipproximatcl.Y 15 feet; feathers out locally. 

Tertiary 

To: Ogallala Formation 

Comprised of fluviatile sand, silt, clay, and gravel capped by 
caliche. The sand is a fine- to medium-grained, quartz sand which 
are moderately silty and calcareous. The upper portion of the sand 
unit is clayey with clay balls; it is indistinctly bedded to 
massive, cross-bedded, unconsolidated to weakly cohesive, with 
localized quartzite lenses. Various shades of grey and red. The 
silt and clay constituents are associated with caliche nodules; 
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the subunits are reddish-brown, dusky red, and pink in color. The 
gravel is not present throughout the formation. Where present, it 
is predominantly quartz with some quartzite, sandstone, limestone, 
chert, igneous rock, metamorphic rock, and weathered Gryphaea 
in intraformational channel deposits and in basal conglomerate. 
The caliche is sandy, hard, and pisolitic at the top of the sequence. 
Fossil plants and vertebrates are scarce. t·1aximum thickness is 50 
feet. 

Mesozoic Era 

Cretaceous 

Kbu: Buda Limestone 

The limestone is aphanitic, compact, nodular, and bears many 
fragments of molluscs. Marly intcrbcd~ are present. Grey to 
yellowish-grey in color. The basal beds are typically a marly, 
nodular limestone and thin, yellow marl with scarce Budaiceras 
fossils. The remaining lower portion of the unit is 80 feet thick. 

Ks: Segovia Formation 

The unit is comprised of cherty limestone and dolomite. The 
limP.stone is miliolid, shell fragment and rudistid-bearing and 
light-grey in color. The dolomite is massive to thin-bedded, 
porous, and medium brownish-grey in color. The lower portion of 
the unit contains miJiolid limestone and marl, and marly limestone; 
it is light yellowish-grey in color, and contains Exogyra texana 
and oxytropi doceri d ammonite foss i 1 s. The uppermost beds i"nc 1 ude 
one or more thick limestone units, each forming a prominent ledge 
or "caprock". Maximum thickness of the unit is 300 feet. Along 
with the unit Kft, unit Ks is included in the Edwards Group. 

Kft: Fort Terrett Formation 

This unit contains cherty limestone and dolomite. In the upper 
portion, the limestone is in part porcellaneous, aphanitic, in part 
miliolirl, ~hP.ll fragment, rudistid-bcarinq, and light- to dark-grey 
in color. The dolomite is a medium brownish-grey. In the lower 
portion, the limestone is argillaceous with thin shale interbeds; 
it is nodular and irregularly bedded to thick-bedded. Light-grey, 
greyish-yellow, and yellowish-brown in color. Marine megafossils 
are present. Thickness ·of the unit ranges from 120 to 140 feet. 

Ka: AntlP.rs Sand 

Consists of sand, sandstone, conglomerate, siltstone, and localized 
quartzite. The sand, sandstone, and quartzite are characterized as 
fine- to coarse-grained quartz, locally argillaceous, poorly 
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bedded, moderately indurated to friable, and white, brown, light
grey, greyish-yellow, and pale purple in color. The basal conglom
erate is comprised of white and pink quartz, black chert, and clay 
pebbles, with intcrbed~ of coarse sand, ferruginous to slightly 
calcareous. The siltstone is thin-bedded, and grey and pink in 
color. The thickness ranges from 90 to 100 feet. 

Triassic 

Tr·d: DociiUm Group 

The unit contains terrestrial deposits of sandstone, clay, shale 
and conglomerate. The sandstone is fine- to coarse-grained quartz, 
micaceous, silty, thin-bedded to massive, cross-bedded and well
indurated. Greenish-grey and brownish-red in color. The clay is 
sandy, silty, and reddish-brown in co 1 or. The sha 1 e is sandy, 
locally calcareous, indistinctly bedded, and various shades of red, 
green, grey and yellow. Conglomerate containing various colored 
chert pebbles is common in the lower part. The basal conglomerate 
a 1 so contains quartz, sands tone s 1 abs and petrified wood. ~1ax imum 
thickness is 150 to 200 feet. · 

Paleozoic Era 

Permian 

Pq: Quartermaster Formation 

Interbedded shale, siltstone, sandstone, gypsum and dolomite; 
various shades of red. The shale is silty, evenly bedded, with 
beds 2 to 4 inches thick; locally massive. The siltstone is sandy, 
well-indurated and red to orangish-red in color. The sandstone is 
silty, fine-grained, with frosted grains. A few gypsum and dolo
mite beds, 1 to 4 feet thick, are present. Maximum thickness is 
450 feet. 

Pwh: Whitehorse Sandstone and Cloud Chief Gypsum, Undivided 

Th1 s un1t 1 s compusl:!d u r ~arrd~ Lurr~, sand, sha 1 e, 1 oca 1 congl om
erate, gypsum, selenite, and dolomite interbedded. The sand and 
sa~dstone are fine-grained quartz, silty, locally gypsiferous, 
th1 n-bedded to mass iv·e, fr1abl e; orange-brown to var·i ous shades of 
red, mottled greyish-green. The shale is sandy in part, indis
tinctly bedded to massive, and red in color. The gypsum and 
selenite are thin-bedded to massive, in part banded with beds up to 
12 feet thick. White and pink in color. The dolomite occurs as 
thin, discontinuous beds associated with gypsum; grey in color. 
Marine megafossils are scarce. Maximum thickness for the unit is 
difficult to determine, due to the width of the outcrop, but it is 
presumably 850 to goo feet in thickness. 
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Pb: Blaine Formation 

Comprised of shale, sandstone, gypsum, selenite and dolomite inter
bedded. The shale is silty and in part calcareous, selenitic, in 
part very thin-bedded, predominantly indistinctly bedded to massive, 
and various shades of grey; green and red. The sandstone is fine
grained quartz, silty, locally cross-bedded, moderately indurated, 
and red, yellow, brown and orange in color. The gypsum and sele
nite arc thin-bedded to massive, contorted, and white, bluish-grey 
gnd-pink in color. The dolomite is locally calcitic and a.rgilla
ceous, sand s~arce, locally oolitic, and beds a few inches to 3 
feet in uni~s up to 10 feet thick; it is various shades of grey, 
streaked w1th purple, pink and white. Asphaltite is recorded 
within the unit. Marine megafossils are rare. Thickness ranges 
from 150-175 feet. 

Psa: San Angelo Formation 

Deltaic sandstone, shale and conglomerate. The sandstone is 
composed of fine-grained quartz particles, and is thin-bedded to 
massive, cross-bedded, friable, and red, grey, yellow, brown in 
color. The shale is sandy in part, indistinctly bedded, and red 
and bluish-green in color. The conglomerate consists of dolomite 
and siliceous pebbles associated with sandstone. The upper contact 
of thP. formation is locally indefinite. Thickness ranges from 125 
to 200 feet. 

Pcf: Clear Fork Group 

Shale and dolomite. The shale is the predominant constituent; it 
is sandy in part, and alternating red and bluish-green in color. 
The dolomite is thin-bedded to massive. Thickness of the unit is 
approximately 750 feet. Includes the Arroyo, Vale, and Choza 
formations. 

Pl : Leuders Formation 

The unit is comprised of limestone and shale, which alternate in 
units of 1 to ~ fPPt in thir.knP~s. ThP. shRlP. is the ~redominant 
constituent; it is calcareous and grey in color. The limestone is 
argillaceous, moderately hard to soft, and weathers to a very· 
light-grey to white color. The uppermost portion of the formation· 
is exposed only in the ea!;ternmost portion of the Concho River 
basin. 

D. RADIOACTIVE MINERAL .PROSPECTS in the SURVEYED AREA 

The Southern Interstate Nuclear Board (.1969) reports epigenic 
. uranium mineralization from the lower members of _th& Triassic-aged 
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Dockum Group (unit Trd) in the Midland Basin area. The deposits 
occur in red-bed channel sandstone units of approximately fifty 
feet in thickness: 

Finch (1967) records uranium deposits in the sanrlstonP. constituent 
of th~ Clea~ For~ Group (unit Pcf). The unit contains plant 
mater1 a 1 wh1 ch m1 ght have served as an i ntri ns i c reductant for 
uranyl ion concentration. 

The vanad1um oxysalts carnotite, tyuyamunite and metalyuydmunite 
iire recorr.!9(i (5ol.!1:h .. rn Tn1:Ftr<t~te NnrlP~r Rn~rrt, lQfiQ) frnm llptnn 
County. The mi ner·a 1 s occur· in 1 imes tone, sha 1 e and sand from a 
slush pit. 

111-ts 



en 
-(/) 

eJ 
~
 

<
t 

z <
t 

z 
<

( 
1

-
0 

<t 
0 

I-
LL 
0 

0 
en 

w
 

1
-...J 

·
(f) 

:::> 
(/) 

w
 

a:: 

... 



·"'·....:_ .. ;. ~-.: .· 

SECTION IV. 

RESULTS OF DATA ~NALYSIS 

A. DESCRIPTION OF STACKED DATA PROFILES 

1. Multivariable Radiometric Stacked Data Profiles 

Thoco profilet iri pr9sinterl ~t ~ hnri7nntal scale of 1:500,000, 
The vertical scales are: 

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

TL(20BTR.)* 7.15 c/s 1 ppm/eTh 1.5 ppm/div; 

BI(214 Bi)* 

K (40 K)* 

BiAir 

.5 

.25 

5. 

ppm/divi 

%/div; 

C/S/div. 

13.52 C/S 1 ppm/eU 

98.06 C/S 1%K 

. 5 seconds averaged 

Residual Magnetic Field 20 gammas/div. (See Sec.V.B.1) 

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

Bi/TL 

Bi/K 

TL/K 

Geology Strip: 

.05 /div. 

.4 /div. 

.75 /div. 

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 Profi 1 es .· 

Altitude: 100 feet/div. 

Temperature: 1 °C/div. 

Pressure: 3 mm of Hg/div. 

·aase Magnetic Field: 10 gaminas/div. 

Residual Magnetic Field: 10 gammas/div. 

IV•1 

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

All profiles appear in Section IV.H. 

B. SINGLE AND AVERAGE RECORD LISTINGS 

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

C. STATISTICAL PRESENTATION OF DATA BY GEOLOGIC TYPE 

Tables IV.(l-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 DlSTRIBUTON 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 a[)pear ·in Section IV.H.2. 

E. DATA INTERPRETATION 

1. Analysis of Geologic .Histograms 

2. 

The radioactivity data is shown in histogram form with parts 
per million or percent plotted against number of events . 
(Appendix 1). The histograms for 200 T.9. and 4°K wer·e exannned 
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. 

Discussion of Anom~lies 

Introduction 

The 2oaT.9., 21 4 Bi, .and 214.Bif2° 8 Tt (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 aeologic map unit in Table 
IV.10; Table IV.lO is statistically summarized in Table IV.11. 
Only positive anomalies were·examined for 20_8 Tt and 214Bi,_but 
both positive and negative values were stud1ed for the rat1o 
an01ila ly. 
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Table IV.S Geologic Unit Average Value as a Function of Map Line 
fur·· ..U/K (Tim;,~ 1000) . . 

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

Function of.~1ap Line 
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Table IV.7 Mean (X) and Standard Deviation (o) for Each Geologic Type. 
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GEOL I 
UNIT · : 

llAL 
ljS 
!<AU 
IJC: 
tiCC nu 
QT 
•.JP 
•JOJ 
IJAO 
(iTA 
llCS 
T.U 
K tiiJ 
KS 
KFT 
Kll 
T~D 
PQ 
PIIIJ1 
PloiH 
p~ 

PSA 
PC:r 
Pl. 
t.IN!( 

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

Geologic Unit No. Events 
20oT.t Recommended 
Split (equivalent 
ppm) 

Qal 7888 none 
Qs 362 none 
Qau 12310 none 
Qc 7003 none 
Qcc 327 none 
Qu 640 none 
Qt 872 none 
Qp 244 63,70,82,91 
Qs3 592 none 
Qao. 1332 none 
Qcs 12579 54 
To 409 none 
Kbu 3871 69 
Ks 15565 none 
Kft 13178 none 
Ka 2696 none 
Pq 297 none 
Pwh 1139 none 
Pb 381 none 
Psa "965 none 
Pcf 1862 none 

*Recommended Splits on the Histograms are Given Only Where Such Splits 
Appe~r t.n hP. Obvious. 
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TABLE IV.ll Statistical Summary of Radioactivity Anomalies per Geologic Period(s) 

Geologic Unit 

Quaternary 
·No. of units w/anomalies 

No. of anomalies 

Tertiary 
No. of. units w/anomalies 
No. of .anomalies 

Cretaceous 
No. of units w/anomalies 
No. of anomalies 

Permian 
No. of units w/anomalies 
No. of ano111alies 

Total Sample 
No. of units w/anomalies 
No. of Anomalies · 

( ... )_ denotes negative anomaly 

4 
9 

0 
0 

3 
43 

2 
2 

9 
54 

IV-13 

5 
16 

0 
0 

3 
33 

2 
3 

10 
52 

9 
81 (3) 

4 
85 

4 
8 (1) 

18 
175 (4) 

Quaternary Geologic Units: Qal ,Qao,Qau,Qc,Qcs,Qs,Qs3,Qt,Qu 

2 0 8 T l!. Anoma 1 i es 

Approximately seventeen percent of all the 208 Tl!. anomalies 
recorded in the San Angelo map sheet area are found in the 
Quaternary units Qs, Qau, Qao and Qal. The Quaternary units 
comprise roughly 30% of the map sheet area. Given that the 
thorium ion is relatively insoluble in most surface waters and 
i~ 1·o1·cly conccntNtcd through chomicJl prodpitiltion, the~P 
anomalies are probably not economically significant. 

21"8i and 21 "Bi/ 20 8Tl!. Anomalies 

Roughly thirty-one percent of the 214Bi anomalies and forty-
six percent of the positive ratio anomalies are reported from 
the Quaternary units. There are six loci of coincident 214Bi 
and ratio anomalies within the units: ML120, stations 355B-
3563 (Qal), 3568-3573 (Qau), 3578-3583 (Qal), 3593 (Qal); 
ML260, stations 4510-4520 (Qcs); ML440, station 3568 (Qal). 
Three negative ratio anomalies (75% of all the negative ratio 
anomalies recorded) occur in units Qcs and Qc. Both Quaternary
aged anomalous types may be a function of intraunit changes in 
lithology, especially since the units appear to diverge from a 
unimodal geochemical distribution (Table IV.D). 

Tertiary Geologic Unit: To 

21 'Bi/ 20 BT .11. Anomaly 

There is one positive ratio anomaly in the unit To, comprising 
one-half of a percent of all recorded positive ratio anomalies 
in the map sheet area. It is not considered to be signifi
cant. 

Cretaceous Geologic Units: Ka,Kbu,Kft,Ks 

20 BT.9, Anomalies 

Approxim.1tely eighty- percent of the 208TJI. anomalies are 
reported from the Cretaceous units, with the exception of the 
unit Kbu. Outcropping Cretaceous units make up roughly 60% of 
the map sheet area. 

2 1 4B i and 2 0 ·aT .11. Anoma 1 i es 

Sixty-three percent of the 214Bi anomalies and forty-eight 
percent of the positive ratio anomalies occur in the Creta
ceous units. ·there are ten voints of geographir.al r.ninr.idence 
between 214Bi anomalies and ratio anomalies: ML80, stations. 

TV-14 

3466-3471 (Kbu); ML100, stations 4196-4206 (Kft), 4826-4831 
(Ks); ML200, station 3065 (Kft); ML220, station 5439 (Kft) · 
ML320, station 2816 (Ks); ML360, station 3211 (Ks); TL514o' 
stat~ons 5462-5467 (Kft); TL5160, station 2101 (Ks); TL5180, 
sta~10n 292~ (Ks). T~e Cretaceous units are predominantly 
mar1ne chem1cal depos1ts. Where units are homogenous in 
character, radioactive ions may have epigenetically accumu
laterl. 

Perm1an u~01091C Un1tS: PD,PCT,PSa,PWn 

208 TJI. Anomaly 

Approximately four percent of the 208 TJI, anomalies are found in 
the units Pcf and Pwh. These anomalies are not considered to 
be economically significant. 

214 Bi and 214 Bi/208 TJ1. Anomalies 

Roughly six percent of the 214 Bi anomalies and four percent of 
the positive ratio anomalies are recorded over the Permian 
units. One negative ratio anomaly is found in the unit Psa. 
There is one point of coincident 214 Bi and ratio anomalies: 
ML340, stations 6841-6846 (Pcf). These anomalous values are 
presumably not economically significant._ · 

Trends 

. 20 BTl!, Anomalies 

The 208 Tl!. anomalies in the San Angelo map sheet area do not 
appear to be delimited into discrete clusters or groups. They 
are, for the most part, absent from the eastern portion of the 
w.ap. In the ~Jestern and central regions, the anomalies trend 
in a northeasterly direction. 

2 1 4 B i A noma 1 i es 

The 214 Bi anomalies are absent from the central portion of the 
map area. 

214 Bi/208 TJI, Anomalies 

There appears to be no specific pattern to the distribution of 
the rat~o anomalies in the map sheet area, with the exception 
of the 1ncreased concentration of anomalies in the south
western corner of the map. All three anomalous types are 
scarce to absent in the unit Qcs around the location of many 
sma 11 , 1 nterm1ttent 1 akes·. · 
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Relationship between Radioactivity Anomalies and Cultural 
Features in the Surveyed Area 

Cultural features which may affect the radioactivity data 
recorded in the San Angelo map sheet area include the city of 
San Angelo and the towns of Miles, Bronte, Robert Lee, Ster
ling City, Big Lake and Rankin. Major bodies of water include 
the Nasworth and Big lakes and the San Angelo and Twin Buttes 
reservoirs. 1 he co 1 oraoo ana t,oncno rivers dra 1 n th!! IIICIJ.I 
area, as well as do many intermittent creeks. -

There is one positive ratio "anomaly" reported over the E.V. 
Spence Reservoir at t4L420, stations 6205-6210. This "anomaly" 
is presumed to be the product of fluctuating water level in 
the reservoir. 

Relationship between Radioactivity Anomalies and Known Radio
active Mineral Deposits 

The Triassic-aged Dockum Group (unit Trd) is known to contain 
uranium deposits. The limited exposure of the Dockum Group in 
the northernmost portion of the San Angelo map sheet area 
contains no anomalous occurrences, however. A review of the 
radiometric profiles illustrates no high values for 21 "Bi in 
the unit Trd. 

3. Summary and Recommendations 

The majority of 208T~. 214 Bi, and ratio anomalies reported 
from the San Angelo map sheet area are recorded over the · 
exposed Cretaceous units and, to a lesser extent, over the 

·Quaternary units. Of the Cretaceous units, Ks and Kft have 
both the greatest number of anomalous values and the greatest 
number of coincident anomalies. 

According to the Southern Interstate Nuclear Board (1g69), 
control on uranium .miner~li~ation for the reqion is sedi
mentologic. It is suggested that the anomalous values for the 
Cretaceous units may be a function of· facies changes within 
the units. Where the intraunit lit~ology is relatively 
uniform, epigenetic concentrations of uranyl ions may have 
occurred. 
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F. NATIONAL GAM~IA RAY MAP SERIES (NGRMS) 

The geologic base has been photograph1cally screened Lu 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: 

* 208 n 
" C I'; 1:11 

* 40 K 
* 214 Bi/2o8H Ratio 
* 214 Bi/ 4°K Ratio 
* 208 H/4oK Ratio 

The six NGRMS sheets are presented in Figures IV. (1-6) of this 
report at a scale of 1:500,0DO 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 1a and 2a greater 
than the mean value for that geologic type where a values are 
determined for each geologic type based on all flight line data 
from the area, as is discussed further 1n Sect1on V.B.4. Two dots 
indicate values between 2a and 3a, and three dots show values 
greater than 30 • Dots below the line indicate the variable values 
which are less than the mean value by 1, 2 or 3a in the same 
manner. 

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, respect
ively}. 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) 1W' dia. by 4" thick Nai(TR.) 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 4n 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 2n solid angle. 

Each crystal detector has an estimated volume of 415.5 cubic 
inches, resulting in ·a total volume for the entire 4n system of 
3324 cubic inches. The estimated volume to velocity ratio for this 
sytem 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 137Cs 662 
keV photopeak was 10.7%, where each individual. crystal was 9.-0% or 
better. Automatic digital gain calibr~tion for the eight detector 

l 1 array and the single detector system was accomplished by stabili-
zing on the "°K pholupedk. Udld. · 

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 (LOT),_ and the other to record only 
the computer tabulated results (COT). 

V-1 

,-:- ........... ,. __ _ 

V-2 

"' . ' 

' 
:-. 

.-

...., 
4-

"' ,_ 
u ,_ 

<.: 
>, 
QJ 

> ,_ 
:::> 

(./) 

> 
QJ ,_ 
:::> 
0> 

u. 

~~ 

~~ 

E 

"' ,_ 
0> 

4 "' "' "' w w4~ Z> ~ 0 ~i~ 
;! 8 .><: 
4 u o. 

0 
c;; 
E 
QJ ...., 
"' >, 

(./) 

N 

> 
QJ ,_ 
:::> 
0> 

iii 
;:;:: 

~~~ 
0~~ 

~ "' ;:! 

~! 

V-3 



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 2rr spectral data every nine seconds. This 2rr data is 
necessary to determine the amount of atmospheric 214 Bi radiation in 
the 4n spectral data. A third segment of the computer's core 
gathers and sums the total 2rr and 4n 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 
conditions 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 ot the uOAS 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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B. DATA PROCESSING 

1. Data Reduction 

The field data tapes produced by the data acquisition system 
(Section V.A) contain the 4n and 2n qamma 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, eTh, eU and K counting rates. 

Isotope Energ,l Interval (MeV) 

Cosmic 3.0 to 6.0 
zo•T.t 2.410 to 2.796 
2 t• Bi 1. nnl tn 1.860 

•oK 1. 357 to 1.556 

Due to the occurrence of Compton scatter at all gamma ray 
energy intervals, a 4 x 4 matrix method approach is used to 
"spectrally strip" the group summed counting rates into their 
individual counting rat~!:: 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 + 1.0TL +fBI + O.OK = MTL 

where MTL is the channel group sum count; 

and the coefficients, which are known as Compton coefficients, 
for each variable represent the responses of the data gatheriny 
system to each isotope over the entire energy spectrum. 

Similarly, equations can be written for the energy interval 
group sums for MCOS, t~BI and t~K. as shown below in matrix 
notation by 
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where 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, Bl, 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 
Tll 
Bll 
K1 

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

The next step in the data processing involves the subtraction 
of the background counts present onboard 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 
11 '13i contamination. The background count~, denoted as BTl, 
B and B , used in this work are listed in Table V.l. During 
t"~ proce~si ng, 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.l. 
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After the backgrounds have been subtracted from the live time 
corrected photopeak counts, thus 

Tll Tll BH 

BIT Bll BBi 

KT K1 BK 

The resulting counting rates for TL1 and Kf represent the 
counts contributed only by the sources below the aircraft on 
the earth's surface. In the case of BTT, an additional source 
of 214 Bi radiation, which is caused by atmospheric 21 'Bi, 
BlAIR, is still eminent. 

The 2n detector system data is used to determine the magnitude 
of the BlAIR to be subtracted. Since the predominate variable 
source affecting the 2n detector is the atmospheric 21 'Bi, it 
is possible to utilize most of the 2n spectrum in the BlAIR 
determination, and thereby produce some improvement in the 
statistical error. The energy interval used for the 2n 
crystal is between 1.05 to 2.79 MeV. Within this interval, 
the aircraft's background, B7 , and its Compton coefficient, 
c7 , have been determined fro~ the high altitude data. (See 
Talll e V. 1) . 

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

where 

and, 

BlAIR = (1 - k~G(x)) [VC - c2 . COS1 - b, - i~VALM] 
n ~H 

G(x) 

G(x) is the relationship between the 4n and 2n 
solid angles, the channel group sums and 
the number of detectors in the detector arrays; 

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

COS1 is the 4n cosmic count, greater than 3.0 MeV, 
C/~, 

RVALM 
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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 2n crystal. The values used in 
this work are listed in Table V.1. 

m·. liTT and liT have already been defined as the 4n 
reduced data counting rates, c/s. 

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

BISUR liTT - BlAIR 

Briefly summarizing, TIT, BlSUR and liT are the counting rates 
as measured at the height of the aircraft. All interfering 
counts from cosmic, backgrounds and atmospheric 214 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: 

and 

where 

TLS TIT. e -IJ 1 ( 4 o o - £__ x) 
p 

0 

e-IJ2(•oo _£__ x) BIS BlSUR Po 

KS liT. 

GC( gross count) 

s 

e-p 3 (4oo _£__ x) 
Po 

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

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

is the gross count background, 
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TLS,BIS,KS 

p 

X 

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 
r.nefficients; 

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.e). The magnetic heading correc
tions for the aircraft and its equipment used in this survey 
were determined by flying a predetermined path at a survey 
altitude in fir·st an east to west direction, then in a west to 
east direction. The same procedure is used on a north to 
south path; Based on the data obtai ned. 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 Geomag
netic Reference 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 Tech
nical Information Service Report #PB2fi~40J. 

The system-sensitivities at 400 feet used ~:: thiS survey ar!! 
shown in Table V.1. 

2. Description of the Data Processing 

The processing flow chart representative of the work ·performed 
in this sur¥ey 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, 41T and 21T spectral 
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1/\lll[ ·v-1. 0/\T/\ REDUCTION P/\RIIt·1ETERS ANO COf1STANT5 N540S - 1980 
·~=--=-:.: .. - ·---

c(ist·11~~1g'~l:'cr I(iN ____ I 
AIRCRAFT UACKGROUNDS 

- 1Ja1ue ·r·· 

Detector Parameter Window (CPS) Parameter Value 
--

BK Potassium 29.98 c 0.2069 
errestrial 

(4:~) UBi Uranium 9.40 b 0.1651 
-

BH Thorium 5.83 a 0.2202 

BGC Gross 286.69 - -
Atmospheric B . Uranium 8.33 c21T 0.2232 (2n) 21T 

-- -- .. -·-· 

DERIVED STRIPPING COEFFICIENTS AND RATIOS 

Coefficient Value Coefficient Value 
c-· 

a 0.2755 kl 0.030 
8 0.4058 kz 0.0 
y 0.8595 k'3 0.0 
f 0.0693 s 17.5 
g 0.0156 - -

--
t---· 

LINEAR ABSORPTION COEFFICIENTS tiAGNETIC HEADING COP-RECTION 
Value Correct1on 

Radio Element Parameter ( xlo- 3 per ft.) Flight Direction (ga1110as) 

Potassium Ill 2.448 West to East +3.56 

Uranium \.12 1.329 East to West -3.56 

Thorium \.13 1.899 North to South -1.0 

Gross 114 1.430 South to North +1.0 
... - --· 

SYSTEM SENSITIVITIES 
RADIOELEMENT AT 400 FEET 

Potassium 98.01:i 
(cps/%K) 
Uranium 13.52 
(cps/ppm eU) -
Thorium 7.15 
(cps/ppm eTh) 
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data and the trailer record sums for each flight line. The 
purpose of the REFORH program is to sum the raw spectral data 
{LOT) 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 

FUNCTION 

Produces energy group sums and EOFL spectra. 

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

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

DOPTAP Single record processing with latitude/ 
longitude positioning, IGRF and single point 
statistical adequacy computations, a·nd magnetic 
heading corrections. 

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

VARPLT Produces radiometric and magnetic stacked 
profile plot tapes. 

HISTO,MERGE, 
and SORT1 Preliminary programs to prepare/sort data as 

a function of geologic type for the entire 
area. 

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

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

FICHE 

CUSTOHER 

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

Produces all customer required tapes. 
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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 night base and sufficient geog,·aph
ical and 15' location information ha~ heen shown. The flight 
line pattern has been superpositioned onto these created base 
maps, where the standard deviation levels for each independent 
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 
variables 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 { 20 aT~ from 232 Th decay series) 
3. eU ( 2 1" Bi from 23 au decay series) 
4. K {"°K from natural ~otassium) 
5. BlAIR (atmospheric 2 "Bi) 
6. Residual magnetic field 
7~ Gross count (greater than 400 keV) 
8. eU/eTh { 21 "Bi/ 20 aT~) ratio 
9. eU/K {21 "Bi/"°K) ratio 

10. eTh/K { 20 aT~/"°K) ratio 
11. Geologic data, including aircraft flight p6th 

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. Kes1dual magnet1c f1eld 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. 
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4. 

* 

* 

* 

* 

* 

* 

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 function of flight line; including the atmospheric 
z 1. lli . 

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. 

Statistical Analysis Procedures 

It is necessary to exclude from the statistical analysis all 
variables which have too low a counting rate to be statisti
cally valid, and data which were obtained at altitudes above 
1,000 feet. To this end, a statistical adequacy test was run 
on ~11 data for each data record. If a given value of T!, 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 stanuard 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 listin~s appear under 
the heading AKUT for altitude, "°K, 21 "Bi and oar~, 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 test:; u:;cd to reject data were a:> follow:;: 

(1)· TIT < 1. 5 j_nw -TIT 1.5oT 

(2) BISUR < 1.5 jsiw - BISUR 1.5oB 

(3) TI < 1. 5 JKw - liT 1.5oK 
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where the "w" subscript refers to the respective window 
counting rates from the raw data and Ttl, BISUR and KI have 
previously been defined. If any of the above inequalities 
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 aT, aB, 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 recor·ds 1 i stings. 

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: 

~-1 r·~ x?- NX2l 
l=J 1 J 

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 x1 is the mean value of the variable for 
the geologic type. Values from the entire survey of the area 
are used in these computations. 
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APPENDIX II 

TAPE FO~~T STATEMENTS 

• 

A. DESCRIPTI~N OF DATA TAPES 

Al. General 

A2. 

Line 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

All data taReS 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 for each of the tape types is as 
follows: 

Block Number 

1 
2 
3 
4 

EOF 

·Description 

Format Description 
Tape Identification 
First Data Block 
Second Data Block 

Last Data Block 

Raw Spectral Data Tapes 

Block Size (Physical Record): 6600 characters 
Logical Record, Data 1100 characters 

1. Format Description Block (Block 1) 

The Format Desc~iption utilizes 4248 chara~t~rs. The 
remaining 2352 characters· of this block are blanks. 

Chiu·ac ler NUinbef 
123456789012345678901234567890123456789.012345678901234567890123456789012 

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

RAW SPECTRAL DATA TAPE 

FORMAT FOR TAPE IDENTIFICAI'ION BLOCK (SECOND BLOCK ON TAPE) 

ITEM . FORMAT. 
1 A40 
2 A20 
3 !4 

DESCRIPTION 
QUADRANGLE NAME AS PROJECT lDENTIFICATION 
NAME OF SUBCONTRACTOR 
APPROXJMAT~ DATE OF SURVEY "(MONTH, VEAR) 

AI I -1 

Line Character Number 
Number 1234567890123456789012.14567890123456789012345678901234567890123456789012 

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 
sn 
51 
52 
53 
54 
55 
56 
57 
58 
59 

4 11 
5 A20 
6 13 
7 F6. 3 · 

8 F6.3 

9 I3 
10 13 
11 I 3 
12 14 
13 I6 
14 13 

15-17 14,!6,I3 

* * 
* * 

* 

AERIAL SYSTEM IDENTIFICATION CODE 
AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER 
BFEC CALIBRATION REPORT NUMBER 
4PI SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL 
PLACES IN SECONDS 
2PI SYSTEM DATA COLLECTION INTERVAL TOTIIR[[ DECIMAL 
PLACES IN SECONDS 
NUMBER OF CHANNELS {0-3 MEV) FOR 4Pl SYSTEM 
NUMBER OF CHANNELS ·(o_-3 MEV) FOR 2PI 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 WAS 
COLLECTED 
REPEAT OF ITEMS 12-14. FOR SECOND FLIGHT LINE ON THIS 
TAPE 

* 
* 
* 

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

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

ITEM FORMAT 
1 11 
2 14 
3 16 
4 I6 
5 F8.4 
6 F8.4 
7 F6. 1 
8 F7 .1 

9 AS 
10 . I4 
11 F4. 1 

"12 F5. I 
n F5.3 

14 14 

15 I4 
16 I4 
* * 
•J,. •k 

* * 
270 I4 

DESCRIPTION 
AERIAL SYSTH1 IDENTIFICATION CODE 
FLIGHT LINE NU~1BER 
RECORD IDENTIFICATION NUMBER 
GMT TIME OF DAY (HHMMSS) 
LATITUD[ TO rOIJR DECIMAL i'LACES IN DEGREES 
LONGITUDE TO FOUR DECIMAL PLACES IN DEGREES 
TERRAIN CLEARANCE TO ONE DECI~IAL- PLACE IN METERS 
TOTAL MAGNETIC F-IELu INTENSITY TO ONE DECIMAL PLACE 
IN GAMI4AS 
SURFACE GEOLOGIC MAP UNIT CODE 
QUALITY FLAG CODES 
OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE IN 
DEGREES CELSIUS 
UUIS!UI:. All{ f'f{f.SSUH£ TO ONE DECIMAL PLACE IN MMHG 
LIVE TIME COUNTING PERIOD TO THREE DECIMAL PLACES IN 
SECONDS . 
SUHMED RAW OUTPUT FROM COSMIC CHANNELS (3-6 ~1EV) IN 
COUNTS 
RAW OUTPUT FROM CHANNEL 1 IN COUNTS 
RAW OUTPUT FROM CHANNEL 2 IN COUNTS 

* .. 
* 

RAI~ OUTPUT FROM CHANNEL 256 IN COUNTS 
2352 BLANK CHARACTERS 

A-1.1- 2 



-

• 

2. Tape Identification Block (Biock 2) 

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 f1 i ght 1 i nes 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 2n data logical record is recorded after the corres
ponding 4n data collection intervals at a frequency 
dependent on the 2n system data collection interval. For 
example, if the 4n data collection interval is 1 second 
and the 2n 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 2n 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 2n 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 13B characters 

1. Format Descripttpn· Block (Block 1) 

The Format Descr1pt1on util·izes 6768 characters. The 
r~naining 132 characters of this block are blanks. 

line Character Number 
Number ·12345678901234567890123456789012345678901234567890123456789C123456789012 

1 02 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES; 
2 
3 SINGLE RECORD REDUCED DATA TAPE 
4 
5 FORMAT'FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK) 
6 
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line r: :larue ter NU111ber 
Number 1234 56 78901234 56 78901 ?~_56 7o90 1234 56 7890123456 78901234 56 78901234 56 789012 

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 

ITEM FORMAT 
1 A40 
2 A20 
3 14 
4 11 

5 11 
6 A20 

7 F6.1 

8 F6.1 

9 F6 .1 

10 16 
11 F6.3 

12 F6. 3 

13 13 

14 13 

15-24 (SAME} 
* * 
* 
* 

* 
* 

85-94 (SAME) 
95 13 
96 14 
97 16 
98 13 

99-101 14,!-6,13 

* * 
* 
* 

* 
* 

DESCRIPTION 
QUADRANGLE NAMl AS PROJECT IDENTIFICATION 
NAME OF SUBCONTRACTOR 

_ APPROXIM.l\TF. DATE OF SURVEY (MONTH, YEAR} 
NUMBER OF AERIAL SYSTEMS USED TO.COLLECT DATA FOR 
THIS QUADRANGLE 
AEP.IAL 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 SYSlEM 
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
TERRESTRIAL URANIUM (Bl-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 
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 

* 
* 
* 

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 

* 
* 

390-392 I4 ,I6,I3 REPEAT OF ITEMS 96-98 FOR 99TH FLIGHT LINE ON THIS 
TAPE 

FORMAT FOR SINGLE RECORD REDUCED D/J.TA REC0RD (THIRD THRIJ iR.T B~UCK) 

ITEM FORMAT . DESCRIPTION . 
1 11 AERIAL SYSTEM IDENTIFICATION CODE 
2 I4 · FLIGHT LINE NUMBER 
3 I6 RECORD IDENTIFICATION NUMBER· 
4 I6 GMT TIME OF DAY (HHMt4SSj 
5 F8.4 LATITUDE TO FOUR DECIMAL i'~.~CES IN DEGRf:ES 
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Line Cha rae ter 1lumber 
Number 123456789012345678901234567890123456789012345678901234567890123456789012 

60 
61 
62 
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 

6 
7 
8 

9 
10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

2. 

F8.4 
F6 .l 
F7.l 

A8 
I4 
F6.l 

F4. l 

F6. l 

F4. l 

F6.1 

F4 .l 

F6.l 

F6.1 

F6.1 

FB.l 

F6.l 

F5.l 

F4 .l 

F4. 1 

F5.l 

LONGITUDE ~0 FOUR DECIMAL PLACES IN DEGREES 
~ERRAIN 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-POTASSIIJM RATIO TO ONE DECIMAL PLACE IN 
PPM EQUIVALENT U PER PERCENT K 
THOR!Ut~-TO-POTASSIUM RATIO TO ONE DECIMAL PLAC~ 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 SErQND 
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 
OUTSIDE AIR TE~1PERATURE TO ONE DECIMAL PLACE IN 
DEGREES CELSIUS . 
OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG 

Tape Identification Block (Block 2) 

The information and fonnat for this block are indicated 
in lines 8 through 49 of the Format Description Block 
A3.1, and 1922 characters dl"e pr·oduced. The remaining 
4970 characters of thi~ block arP. blanks. 

If less than nine aerial systems are used, the space 
a 11 ocated for addition a 1 systems is fi 11 ed with 9' 5 in 
the f?rmat specified for each item using I and F fields, 
and w1th zeros for A fields. 

Similarly, if fewer thun Y9 flight lines exist. the 
unused flight line information, 13 characters per flight 
line, is filled with 9's through the 99th flight line. 
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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 
25 
26 
27 
28 
29 

-

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. 1. 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 AJ.l 
are 9's in the format specified in each case. 

1. Format Description Block (Block 1) 

The Format Description utilizes 7560 char.acters. The 
remaining 440 characters are blanks. -

Character Number 
123456789012345678901234567890123456789012345678901234567890123456789012 

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

STATISTICAL ANALYSIS 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 -I4 APPROXIMATE DATE OF SURVEY (MONTH, YEAR) 
4 Il NUMBER OF AERIAL SYSTEMS USED TO COLLECT DATA FOR 

THIS QUADRANGLE 
5 Il AERIAL SYSTEM IDENTIFICATION CODE FOR FIRST SYSTEM 
6 A20 AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER FOR 

FIRST SYSTEM 
7 F6.1 NOMINAL ALTTTUDF SYSTEM SENSITIVITY RELATIVE TO 

TERRESTRIAL POTASSIUM (K-40) TO ONE DECIMAL PLACE 
IN CPS PER PERCENT K 

8 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
TERRESTRIAL URANIUM (BI-214) TO ONE DECIMAL PLACE 

·IN CPS PER PPM EQUIVALENT U 
9 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY R~LATIVE TO 

TERRESTRIAL THORIUM (TL-208) TO ONE DECIMAL PLACE 
IN CPS PER PPM EQUIVALENT TH 

10 I6 BLANK FIELD (999999) 
11 F6.3 4PI-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL 

PLACES IN SECONDS FOR FIRST SYSTEM 
12 F6.3 2PI-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL 

PLACES IN SECONDS FOR FIRST SYSTEM 
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Line Character Number 
Number 123456789012345678901?.34567890123456789012345678901234567890123456789012 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
4B 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
fiR 
69 
10 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

13 I3 

14 I3 

15-24 (SAME) 
* * 
* 
* 
85-94 
95 
96 
97 
98 

99-101 

* 
* 
* 

* 
* 
(SAME) 
I3 
I4 
I6 
I3 

I4,I6,I3 

* 
* 
* 

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 SYSTH1 
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 NUI~BER 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 

* 
* 
* 

390-392 I4,I6,I3 REPEAT OF ITEMS 96-98 FOR 99TH FLIGHT LINE ON THIS 
TAPE 

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

ITEM 
I 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 

12 

lJ 

14 

15 

16 

17 

18 

FORMAT 
11 
I4 
I6 
I6 
F8.4 
F8.4 
F6.1 
F7. 1 

AS 
I5 
F6. 1 

F4. 1 

rs.1 

F6 .1 

F4 .1 

F5.1 

F6.1 

F4 .1 

DESCRIPTION 
AERIAL SYSTEM IDENTlllCATION CODE 
FLIGHT LINE NUMBER 
RECORD IDENTIFICATION NUI~BER 
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 
RESIDUAL (1GRF REMOVED) MAGNETIC FIELD INTENSITY 
TO ONE DECIMAL PLACE IN GAM~1AS 
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 STANDAR!1 nFVlATlfiN FROM TilE MEAN TO ONF. 
DECIMAL PLACE AND ALGEBRAICA1_LY SIGNED 
AVERAGED CONCENTRAl ION OF TERRESTRIAL l'R.~NIUM 
(BI-214) TO ONE DECH~AL PLACE IN PPM EQIJI'JALENT U 
UNCERTAINTY IN TERRESTRIAL URANIUtt. TO 01•·[ !1ECIMAL 
PLACE IN PPM EQUIVALENT U 
URANIUM STANDARlJ DEVIATION FROM THE 1~EAN 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 DE·'iMAL 
PLACE IN PPM EQUIVALENT TH 
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Line Character Number 
Number 123456789012345678901L34567890123456789012345678901234567890123456789012 

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 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

F5.1 THORIUM STANDARD DEVIATION FROM THE MEAN TO ONE 
DECIMAL PLACE AND ALGEBRAICALLY SIGNED 

F8. 1 GROSS GAMMA (0.4-3.0 MEV) COUNT RATE TO ONE DECIMAL 
PLACE IN COUNTS PER SECOND 

F6.1 UNCERTAINTY IN GROSS GAM!~ COUNT RATE TO ONE DECIMAL 
PLACE IN COUNTS PER SECOND 

FS. 1 ATMOSPHERIC BI-214 4PI CORRECTION TO ONE DECIMAL 
PLACE IN PPM EQUIVALENT U 

F4. 1 UNCERTAINTY IN ATMOSPHERIC BI-214 4PI CORRECTION 
TO ONE DECIMAL PLACE IN PPM EQUIVALENT U 

F6.1 AVERAGED URANIUM-TO-THORIUM RATIO TO ONE DECIMAL 
PLACE IN PPM EQUIVALENT U PER PPM EQUIVALENT TH 

F5.1 URANIUM-TO-THORIUM RATIO STANDARD DEVIATION FROM THE 
MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY SIGNED 

F6 .1 AVERAGED URANIUM-TO-POTASSIUM RATIO TO ONE DECIMAL 
PLACE IN PPM EQUIVALENT U PER PERCENT K 

F5.1 URANIUM-TO-POTASSIUM RATIO STANDARD DEVIATION FROM 
THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY SIGNED 
SIGNED 

F6.1 AVERAGED THORIUM-TO-POTASSIUM RATIO TO ONE DECIMAL 
PLACE IN PPM EQUI'JALENT TH PER PERCENT K 

FS.l THORIUM-TO-POTASSIUM RATIO STANDARD DEVIATION FROM 
THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY 
SIGNED 

2. Tape Identification Blo~Bloc_k __ 2) 

The information and format for. this block are indicated 
in lines 8 through 49 of the Format Description Block 
A4.1, and 1922 characters are produced. The remain1ng 
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 f?rmat specified for each item using I and F fields, 
and w1th zeros for A fields. 

Similarly, if fewer than 99 flight lines exist, the 
u~used_fli~ht lin~ information, 13 characters per flight 
l1ne, 1s f1lled w1th 9's throu~h the 99th flight line. 

3. Stati5tical Anuly~i~ Datu Blucks 

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. 
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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. 

Line Character Number 
Number 123456789012345678901234567890123456789012345678901234567890123456789012 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 . 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2!i 
?fi 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

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

STATISTICAL ANALYSIS SUMMARY TAPE (OR FILE) 

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK) 

ITEM FORMAT 
1 A40 
2 A20 
3 I4 
4 I6 

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

·FORMAT FOR STATISTICAL ANALYSIS SUMMARY DATA RECORD (THIRD THRU LAST 
. BLOCK) . 

ITEM FORMAT DESCRIPTION 
1 AS SURFACE GEOLOGIC MAP UNIT IDENTIFYING CODE 
2 I6 TOTAL RECORDS FOR GEOLOGIC MAP UNIT 
3 I6 NUMBER OF POTASSIUM RECORDS .COMPUTED FOR GEOLOGIC 

UNIT 
4 F6.1 POTASSIUM CONCENTRATION MEAN TO ONE DECIMAL 

PLACE IN PERCENT K 
5 F6.1 POTASSIUM CONCENTRATION STANDA~D DEVIATION TO ONE 

DECIMAL PLACE IN PERCENT K 
6 A3 POTASSIUM CONCENTRATION DISTRIBUTION CODE 
7 I6 NUMBER OF URANIUM RECORDS f.OMPUTEO FOR GEOLOGIC UNIT 
8 F6. 1 URANIUM CONCENTRATION MEAN TO ONE DECIMAL PLAtl 

IN PPM EQUIVALENT U 
9 F6.1 URANIUM CONCENTRATION STANDARD DEVIATION TO ONE 

DECIMAL PLACE IN PPM EQUIVALENT U 
10 A3 URANIUM CONCENTRATION DISTRIBUTION CODE 
11 I6 NUMBER OF THORIUM RECORDS COMPUTED FOR GEOLOGIC UNIT 
12 F6.1 THORIUM CONCENTRATION MEAN TO ONE DECIMAL PLACE IN 

PPM EQUIVALENT TH 
13 F6,l THORIUM CONCENTRATION STANDARD DEVIATION TO ONE 

DECIMAL PLACE IN PPM EQUIVALENT TH 
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Line '..haractei- Number 
Number 123456789012345678901234567890123456789012345678901234567890123456789012 

38 
. 39 

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

14 
15 

16 

17 

18 
19 

20 

21 

22 
23 

24 

25 

26 

A3 
I6 

F6.1 

F6.1 

A3 
I6 

F6.1 

F6.1 

A3 
I6 

F6.1 

F6. 1 

A3 

THORIUM CONCENTRATION DISTRIBUTION CODE 
NUMBER OF URANIUM-"rO-THORIUM RATIO RECORDS COMPUTED 
FOR GEOLOGIC UNIT 
URANIUM-TO-THORIUM RATIO MEAN TO ONE DECIMAL PLACE 
IN PPM EQUIVALENT U PER PPM EQUIVALENT' rH 
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 t~EAN TO ONE DECIMAL PLACE 
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 t·lEAN 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 ~ 
THORIUM-TO-POTASSIUM RATIO DISTRIBUTION COPE 

2. Tape Identification Block (Block 2) 

The information and format for this-block are indicated 
in 1ines 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 AG. 1. One logical record con
tains 140 characters. There arlO' 50 such logical records 
(•P.r 7000 character physical record or block. 

AS. Magnetic Data Tapes 

Block Size (Physical Record): 8000 characters 
Lggical Record (Data) 80 characters 

1. Format Description Block (Block 1) 

The Format Description utilizes 3384 characters. The 
remaining "4616 charac:Lt!t'S are bLmks, · 
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Line Character Number 
Number 123456789012345678901234567890123456789012345678901234567890123456789012 

1 
2 
3 
4 
5 
6 
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 

04 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DAT.E CODES) 

MAGNETIC DATA TAPE 

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK) 

ITEM FORMAT 
1 A40 
2 A20 
3 I4 
4 I3 
5 I4 
6 I6 
7 I3 

a· F8.4 

9 F8.4 

10-14 (SAME) 

* . * 
* 

* 
* 
* 

495-499 (SAME) 

DESCRIPTION· 
QUADRANGLE NAME AS PROJECT IDENTIFICATION 
NAME OF SUBCONTRACTOR 
APPROXIMATE DATE OF SURVEY (MONTH, YEAR) 
NUMBER OF FLIGHT LINES ON THIS TAPE 
FIRST FLIGHT LINE ON THIS TAPE 
FIRST RECORD NUMBER OF FIRST FLIGHT LINE 
JULIAN DATE (DAY OF YEAR) FIRST FLIGHT.LINE DATA WAS 
COLLECTED 
LATITUDE OF·GROUND BASE STATION TO FOUR DECIMAL 
PLACES IN DEGREES FOR FIRST FLIGHT LINE 
LONGITUDE OF GROUND BASE STATION TO FOUR DECIMAL 
PLACES IN DEGREES FOR FIRST FLIGHT LINE 
REPEAT OF ITEMS 5-9 FOR SECOND FLIGHT LINE ON THIS 
TAPE 

* 
* 
* 

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

FORMAT FOR MAGNETIC DATA RECORD (THIRD THRU LAST BLOCK) 

ll"H1 FORMAT 
1 Il 
2 I4 
3 I6 
4 I6 
5 F8.4 
6 F8.4 
7 F6.1 
8 FS.l 
9 A8 
10 F7 ,l 

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 t4AP UNIT f.ODE 
TOTAL MAGNETIC FIELD INTENSITY TO ONE DECIMAL PLACE 
IN GAM~1AS . 
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 REQU~RED) 
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2. Tape Identification Block (Block 2) 

3. 

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. 

I! fe':ler than_99 flight lines exist, the unused flight 
l1ne 1nformat1on, 29 characters per flight line is 
filled with 9's through the 99th flight line in'the 
format indicated. 

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 
80 characters. There are 100 such logical records per 
8000 chancter phys i ca 1 record or b 1 ock. 

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

AII-12 

B. DESCRIPTION OF LISTINGS 

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

ITEM 

REC 
Lat 
Long 
RMag 
Alt 
GEO UNIT 
AKUT 

cos 
BiAir 
GC 
TP. 
Bi 
K 
BI:TR. 
BI: k 
h:K 
TEMP 
BP 

DESCRIPTION 

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 14 Bi, 4ir data 
Gross count, .4 MeV - 2.8 MeV 
208TR. C/S 
21 "Bi c/s 
4 OK C/S 
Ratio 
Ratio 
Ratio 
Outside Air Temperature (°C) 
Atmospheric Preisure (In. Hg) 

B2:. Averaged record data listings: include the following 
information on Microfiche: 

ITEM 

REC 
GEO UNIT 

. AKUT 

Long 

Lat 

RMag 
cos 
BiAir 
GC 

AII-13 

DESCRIPTION 

Sequential Record number 
Geoloqic t_ype 
A=Alti~ude; K=Potassium; U=Uran1um; 
T=Thor1um- Results of statistical 
adequacy tes't 
Longitude of X location of genlogic 
type 
latitud~ of Y location of geologic 
tYIJ!:! 
Residual ·masnetic field, _gammas 
Cosmic, 4n 
Atmospheric Bi, 4, 
Gross coun~·- c/s 

ITEM 

TR. 
Rank 
Bi 
Rank 
K 
Rank 
B1 /Tll 
Rank 
Bi/K 
Rank 
H/K 
Rank 

AII-14 

DESCRIPTION 

H value, c/s 
H standard deviation rank · 
Bi value, c/s 
Bi standard deviation rank 
K value, c/s 
K standard deviation rank 
Ratio value 
Bi/TR. standard deviation rank 
Ratio value-
BilK standa~d deviation rank 
Ratio value 
TR./K standard deviation rank 
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10~~ z~• ou~•o 
1e2~ Z~A 0010 
!(t]U ZliA OOUU 
1~]1 ZhA UUUO 
11•]2. Z."'A 00\1(1 
!DJJ ZNA UOOO 
\~]4 ZNA 0000 
1l1 3~ Z~4 OO~'' 

IDJb ZNA noun 
luJ7 z•• nono 
IUJ~ z~• o~uo 
1U]Y ~~o uuhO 
!040 Z~A OUUU 
10•1 Z.NI 00U0 

1n42 z•• 
tU4l z~~ 

1114·4 'li•A 
104~ Z~A 
l•J40 Zf':A 

11•47 z.~A 

lt.•4tl Zf.!A 
1049 ZNA 
10~0 ~· 
I U51 1\ A 
1 U!>~ •.A 
10!>3 •• 
IIJ~4 •A 
lli~5 1\A 
lv5b KA 
11•!>7 KA 
ltJ!>R KA 
1~!>9 GAl. 
JiJt\J VAL 
lllbl YAl· 
10b2 IJAf, 
I Ubj UAI, 
10&4 VAL 
1065 vAL 
IOb6 vAL 
10b7 IJA.L 
1~6S OAL 
10b9 QAI> 
1\17(1 OAl· 
I iJ'I i VAL 

10'/2 CJAL 
ll•H VAL 
I 074 OAL 
107!> I<I<L 
l vlb UAl· 
1077 OAL 
lOla OAI. 
ln7~ ()AL 
IUbU UAL 
}i)ijl IJAL 
1 Vh2 IJAI_, 

!Obl vAL 
10ti4 UAL 

OO(JO 

ouoo 
O(IOU 
OOIU 
V\>Oii 
uoou 
uoou 
oouo 
oooo 
oouu 
uouu 
()QUO 
ooou 
oouo 
00111) 
OO<JO 
oouu 
(j(jl)4) 

OOIU 
0()UI) 
OUiiO 
ooou 
uouo 
oouo 
uooo 
OIJ(jC) 
CJ(l11l 
llOOO 
oooo 
001.11) 
0001) 
0000 
000{1 
0000 
oonu 
0()00 
ouoo 
OO•iO 
0000 
OIJOll 
ooon 
0000 
(I(J00 

Sl~GL~ N~C LISTING 

loAN 
LA1' LONG 

31,\J21JO IU2,0112 
31,0~UU 102,01Ub 
.H,0200 102.0100 
)1,020U 102,00~4 
31,0200 1\)2,1JOHij 
Jl,(o200 102,0082 
Jt,02UO IOZ,OU7b 
JI,U20U 102,0070 
Jl,O~OO 102,00b4 
]1,0200 102,005~ 
.H, 07.00 102, \11!5~ 
J1,fl200 102,004b 
JI,020D 102,0040 
.H,U200 102,0034 
H, 02fl0 I 02,0028 
ll, 0200 I U:.!, 0022 
JI,0200 102,00\b 
H,020•l 10~,0010 

Jl, 02•)0 J/j2, Oil04 
JI,U:.!OO 10!,999~ 

]1,021)1) 101.~~~2 

)1,0200 IOI.~9Rb 
l1,0201J 101,9~~0 
H.o~oo 101,9974 
H,02C!O 101,9\lbb 
]1,0200 101,991>2 
31,02iJO IU1,~9Sb 
31,0:0!00 101,!0950 
)1,1!21!0 101,\1944 
31,02•10 101,9938 
31,0200 101.9~32 
]1,<)200 101,9~2b 

JI,02UO 11!1,9'#20 
3!,02UO 101,9914 
JI,020t) J 01,'19<)8 
)1,0200 101,~902 
31,0200 10l,'lMCJb 
H,0200 1111,9H90 
31,U20fl 1li!,98H4 
31,0200 101,9878 
31,02v0 I 01 .~H72 
31,021)0 I01,9Rtlb 
31,0200 101,9Mb0 
Jt,UiCJU IOI,<t~S4 

31,0200 l<JI,9ij4ij 
.ii,O:lOO IOI,q~42 

31,0200 101,9Hlb 
Jl,0200 101,11S30 
31,02UU 101,982~ 
ll,U200 101,~819 

31,0200 101,9813 
Jl,<J2(lll 101,9807 
31,020() 101,9801 
l!,II~UCJ lf•t,979!> 
·.~I.U201 l<li,!O'Iij\1 
.H,0201 1111,~7HJ 

31,02UI lftl,\1777 

N•tAG 
•45~.2 
•47'!,9 
-4~0.2 

•480,2 
-4Hu.7 
•482.0 
•4ij3.2 
•483,7 
•481,ij 
•4tj\,) 

•47&.3 
•411. 2 
•4 11. a 
•469,3 
•4b9.0 
•468,9 
·4bij,l 
•4bb,4 
•4c>J,5 

. -46!.2 
-4!>&.9 
•45b,3 
•453.5 
•4S!,4 
•450.b 
•44'1.8 
•4 47,9 
•447,7 
•445,11 
•443.5 
•441.1 
··439,4 
·43<l,!'> 
•439.5 
•435.2 
-133.7 
-4311.7 
•430. 0 
•427.2 
•42b,O 
•423.7 
•420.7 
•417.7 
•41!>,b 
•413.4 
•413.4 
•41V,4 
•405,5 
-40!>,3 
•4011,5 
•4UU,l 
•399,7 
•]99,2 
•392,9 
·3~1 .. 1 
•JMH,!> 
•3S~.o 

cus 
54 
21 
51 
51 
~() 

40 
4l 
44 
53 
47 
47 
bl 
45 
5S 
4S 
50 
53 
J7 
!>2 
lO 
44 
t>O 
b2 
57 
45 
45 
5] 
Sb 
40 
bel 

48 
57 
45 
55 
45 
44 
~1 
49 
47 
44 
46 
so 
49 
Qj 

b2 
b5 
H 
51 
51 
51 
40 
55 
44 
Jb 
J1 
28 
42 

20 
~APL!Ilt:: 

GC tHAI~ 

200b &,1 
139 6,1 

151H lt,J 
162J b,l 
l4'l:f h,l 
1508 b,l 
1!>83 6,1 
14J1 b,l 
HOI b,l 
1489 b,l 
15•)6 b,l 
1427 b,l 
125'/ b.l 
1413 b,l 
1295 b,l 
1282 b,l 
1232 b,l 
1149 b,1 
1265 6.1 
1140 !>,1 
107& b,l 
1060 b,l 
1070 6.1 
1113 b,1 

991 6.1 
1045 b,l 
1161. b,l 

990 14,3 
1124 14,3 
1174 14,3 
1280 14,) 
13~7 14,3 
1404 14.3 
IJSO 14,3 
1469 14,] 
14•11 14,3 
14lb 15,9 
1484 15,9 
1528 1S,9 
16~7 15,9 
lbb2 15,9 
1640 15,9 
I S91 15,9 
lbb5 15.~ 

lb91 15.9 
11>91! 14.~ 

1'112 14,8 
t63J 14,a 
lb49 14,H 
1'115 14,8 
1756 14,H 
1725 14,8 
15'14 l4,H 
lb43 14,M 
!696 lb.6 
!bO!>' 16,b 
1428 lb,l> 

. ATTT-1 

20 
ALT 
!>3!> 
•bl 
!>73 
S77 
sn 
5R5 
5~'l 

589 
581 
573 
5b4 
5&0 
548 
53S 
523 
suo 
4ij8 
472 
455 
441 
432 
42J 
408 
399 
3~1 
JH6 
3H8 
3q1 
39b 
]99 
402 
40& 
411 
417 
419 
4H 
422 
425 
425 
47.3 
4211 
418 
41H 
418 
42(1 
422 
424 
429 
4]3 
432 
42H 
422 
417 
415 
41J 
41J 
421 

n:~P 

2\,8 
21,8 
21,6 
21.6 
21.7 
21,6 
21,8 
:.!1,6 
:t1.n 
21.5 
21.4 
21.5 
21.5 
21.5 
21,5 
:.!1,4 
2t.J 
21.4 
21,4 
21,.3 
21,3 
21,3 
21.3 
21.J 
21,3 
21,3 
21,3 
21.2 
21.3 
21.3 
21,3 
21, .I 
21,1 
21,2 
21,3 
21.1 
21,3 
21.3 
21.3 
21.J 
21,1 
21.2 
21.3 
<!1.2 
21,3 
21.2 
21,1 
21.3 
21,3 
21.2 
21,2 
21.3 
21.3 
21.J 
21.1 
21.1 
21,3 

1:\P 
&7b,4 
&77,9 
b7S,4 
c>7H,4 
1)77,4 
b7b,4 
b7b,4 
67b,4 
&77,4 
617,4 
676.9 
b77,4 
blb,\1 
(>77,4 
617,9 
b78,4 
67H~4 

678,4 
671 ,'9 
b7b,9 
ld7,4 
b78,4 
680,2 
b7h.~ 
679,4 
678,4 
&78,9 
b78,4 
678,4 
b78,4 
67&,4 
o7~:>.~ 

b77,9 
678,4 
678,9 
678,4 
67R,4 
t;78,4 
11'18,4 
b7R,4 
b78,4 
b78,4 
~7b,9 

&/8,4 
677,4 
b76,9 
b78,9 
1>77.4 
678.4 
f>7b,4 
b7b,9 
617,9 
b77 ,4 
b78,9 
b76.9 
b7b,9 
677,4 

'fL 
4,6 
11.4 
2,1 
J.~ 

?,2 
4.5 
4,9 
3,4 
5,9 
!>,6 
4,5 
4,9 
J,2 
4.1 
4,1 
2.8 
4,1> 
3.~ 
~.J 
4,0 
2.4 
2.~ 
3,4 
2.1 
3,H 
3.5 
1,4 
2.2 
J,M 
2.9 
3.1 
4,9 
5,6 
3,9 
4,3 
4,H 
5,0 
J,9 
s.o 
b,O 
M,4 
/, 3 
5,7 
!>,2 
4,1 
7.0 
8,7 
b,J 
b,4 
4,H 
7,7 
7,7 
4,5 
&,6 
b,l 
7,8 
3,5 

1:!1 
2,7 
0,0 
2.4 
3,0 
l,h 
2.1 
I, 7 
I. 9 
1.4 
2,7 
2,3 
3,1> 
1,0 
1,9 
1. 4 
1,5 
1,3 
0.4 
1,5 
0,9 
2.!> 
u,7 
2,0 
2,1 
1,J 
1,5 
l.J 
l.b 
l,b 
2,1 
I, 7 
1.3 
0,1 
1,4 
2,4 
2.4 
0,8 
2, I 
2,5 
2.8 
0,5 
:l,O 
1,0 
2.1 
2,8 
0,7 
l,b 
0.9 
1,4 
3.1 
o.~ 
I, 1 
1,3 
1,5 
1,3 
l.b 
1. 3 

"' 1,4 
Ool 
I,U 
1 .1 
1.1 
1.2 
1, I 
1,2 
1,1 
u,7 
1,0 
1),7 
1,0 
1,0 
0,8 
0.8 
0. 1 
0,7 
o.h 
0,7 
0,] 
O,b 
O,b 
U,b 
0,4 
0,4 
0,4 
o.s 
0,!) 

u.s 
1),7 
0,8 
0,7 
o • .:t 
0,7 
o.~ 

1 .1 
1,0 
1 ,I 
1.1 
1,3 
0,'1 
1,0 
1.1 
1,2 
1.3 
1,3 
1. 3 
l,U 
1.2 
lob 
1.5 
1,2 
1.2 
1,3 
1,2 
I, 1 

iH/Tt.. 
0,!>8 
0,24 
1 ,I b 
o. 7'1 

0.73 
0,48 
0,3S 
o.:P 
0,24 
0,4~ 

0,51 
0,74 
O,J2 
0,47 
0,35 
O,S3 
0,27 
o.u 
f). 28 
O,!Y 
1,Ub 
0,23 
O,S9 
U,9'1 
O,J!> 
11,42 
0,9!> 
o. 7J 
0,41 
(),71 
o.ss 
0,21) 
V,03 
o·;36 
O,SS 
o.st 
O,lb 
o.5S 
0,50 
0.47 
0,0& 
0,2/ 
0,17 
0,41 
0,1) .. 
0.11 
0,18 
0,14 
0,22 
0,6!> 
0,11 
0,14 
0,2M 
0,23 
0.20 
0,20 
O,J8 

~IlK 

1.91 
.1 ,b] 
2.37 
2,89 
1.49 
1,83 
1,50 
l,b7 
1.24 
3,bH 
1.29 
5,00 
l,UI 
1,911 
1,6b 
1,91 
1.&1 
I) ehl 

;.!,jW 

1,21 
9,8b 
1.13 
3,3& 
3, "fb 
3. !>l 
3,30 
3.15 
3,13 
2.~0 

4,SI 
2.S3 
I ,67 
o.2u 
1,68 
3,57 
3,03 
o. 73 
2,24 
2,20 
2.48 
0,40 
2,28 
u.~4 
l,H9 
2,39 
1),!>9 
1,24 

.o. 70 
1,45 
2,1>7 
O,$l 
0,76 
1,03 
1,19 
0,97 
1.31 
1.2& 

TL/K 
J,)li 
&.86 
2.04 
3, 73 
1.0S 
3.82 
4,32 
l.~l 
5.1 .. 
7. 73 
4,4d 
6. 7b 
3,12 
4,14 
4,79 
3,bl 
b.bb 
s. 2:l 
il,!>4 
b,4U 
\I,J:I. 
4.'1'1 
S,b·/ 
J,81 

1!).01 
7,7'1 
3,52 
4,3U 
b. \)7 
b.40 
4. 57 . 
b. 3{1 
7 •. , j 

4,b8 
b,!>4 
5,91l 
4.!>3 
4.0'J 
·4. 41 
!>.)I 
b,48 
11.29 
S,b2 
4.5·1 
3,43 
5,!>'/ 
1>,91 
'0,98 
b,&4 
4.09 
4,'13 
5,24 
3,bb 
~.2& 
4.ete 
6.62 
J,]V 

1~~iJI}~~~ 1N1'. !~C. 
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AVKNAG~ N~C Ll6flNG 

SAN 

LA1' LONG 
H,Uii!O 111<!,0112 
~I.D2UU IU~.h!Ub 

~I,U~UO lP:l,OIDU 
)1,•>200 JC)l,0094 
Jl.h:liiU lOl.OIItJij 
31,11:-!IJO IV2,1lU~2 

JI,OlOIJ 102,ou7b 
3!,UlUO 102,0070 
JI,0211Cl t02,V1Jb4 
31.0200 102. uu5~ 
31,0200 102,0052 
Jl,020U IV2,U04b 
J!,U:.!UD 102,01140 
H ,o2no 102,0034 
Jl,U21JO 102,002M 
JI,02UO 102,0022 
31,U200 lli2,011lb 
H,0201J IO:t,UO!O 
J1,02UO 102,0004 
J\,1)200 101.~998 

JI,U200 101,\1992 
JI,L12U0 1Ul,Y99b 
31,0:.!00 101,9~ij(J 

31,02110 !Ul.~.974 

J1.n•>O 1VI .991.>~ 
31,1)200 101,911b2 
H, U2Ufl I til, ~9:;b 
3l,02UO ltJ1,9950 
J!,U~OO IOI.~Y44 

JI,O:.!OO 1Dt,Y93ij 
.!1,0~1)0 101.9932 
31.0~00 10!,992b 
Jl,ltlOO 101,~920 
J\,U:.!~U 101,9914 
31,021!0 101.~906 

J1,02QO IUI,9'1U2 
]},0:/.UCl l0!,98~b 

Jl,u200 101,9~90 
J1,0200 101,9ijH4 
Jt,O:lUU lfll,'lH'/H 
H.O~IIO \OI.~M72 

JI,U2l!O 101,Y~&b 

ll,fl20U 101,9SbU 
J1,020b 101,9M54 
31.02UO lt)},984b 
Jl ,U2CJI) 1U1,9H42 
]],0200 101,'1~36 

31,U200 101,98]0 
31,0200 101,98~5 
31,0200 101,9b19 
3},11200 1fJl.9Hl3 
JI,U2Uu IOt.9H07 
JI,Cl2UO 1UI,9ROI 
31,<l2Uv l\JI,97\15 
J1.n~o1 l\l1,'11ij\l 
J!,0201 101,97~3 

H.v2fll lill.~77'/ 

~i-.GEI .• U 
RMAG 

-4'>~.2 

•417." 
-4~0.2. 

•480.2 
-400.7 
-4~2.0 
•4H3,2 
•4o3.7 
•<lA I,& 
•4bt.l 
•47&.3 
•471.2 
•471,Y 
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