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ABSTRACT 

The Helena quadrangle covers a  reg ion  l a r g e l y  w i t h i n  t h e  M i s s i s s i p p i  
R i v e r  f l o o d  p l a i n  i n  t h e  ex t reme n o r t h e r n  G u l f  C o a s t a l  P r o v i n c e .  
T e r t i a r y  sediments i n  t h i s  area are r e l a t i v e l y  t h i c k ,  and o v e r l i e  a  
Paleozoic bas in  gradual l y  shoal i n g  t o  t h e  no r theas t .  The Ouachi ta 
Tectonic  Zone s t r i k e s  sou theas te r l y  through t h e  c e n t e r  of t h e  quad- 
rang1 e. 

The exposed sequence i s  almost e n t i r e l y  Quaternary  sediments o f  t h e  
f l ood  p l a i n  area. Older  Cenozoic depos i ts  c rop  o u t  i n  upland areas on 
t h e  west s ide  o f  t he  r i v e r  v a l l e y .  

A search o f  a v a i l a b l e  1  i t e r a t u r e  revealed no known uranium depos i ts .  

S i x t y  (60) uranium anomalies were detected and d iscussed b r i e f l y  i n  
t h i s  r e p o r t .  None were .considered s i g n i f i c a n t ,  and a1 1  appeared t o  
occur as the  r e s u l t  o f  c u l t u r a l  and/or weather e f f e c t s .  

Magnet ic '  d a t a  appear t o  b e  i n  agreement w i t h  e x i s t i n g  s t r u c t u r a l  
i n t e r p r e t a t i o n s  o f  t h e  reg ion .  
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INTRODUCTION 

General 

The Helena quadrangle covers a 7,800 square mile area in eastern 
Arkansas, northwestern Mississippi, and extreme southwestern Tennessee 
(see Figure 1). 

The geologic base map used in the interpretation was compiled by Martel 
Laboratories in 1980. Geologic map unit descriptions were taken 
directly from the Martel Laboratories map legend. Supplementary 
geologic information was taken from Fairbridge (ed.) 1975, Cohee and 
others (1962), and Antoine and others (1974). Cultural and physio- 
graphic information was taken from the 1:250,000 scale Helena topo- 
graphic map (1966 version). 

Radiometric and magnetic data from the Helena quadrangle were acquired 
in June and July of 1980, and processed in August. A detailed summary 
of data acquisition, processing, interpretation, and presentation 
methods is contained in Appendix A. Appendix B contains a flight 
summary report for the Helena quadrangle. 

Physiography 

The area covered by the Helena quadrangle lies primarily in flood 
plains of the Mississippi, Arkansas, and White Rivers, in the extreme 
northern Gulf Coastal Physiographic Province. The quadrangle is 
drained by these three rivers or their tributaries. The flood plains 
of the three rivers are separated by higher ground, and the Mississippi 
River flood plain narrows to a 20 mile gap near the town of Helena. 
Elevations range from below 150 feet in the southernmost flood plain 
areas, to over 350 feet in the uplands east o f  the Mississippi Rfver. 
Higher ground to the west of the Mississippi River commonly exceeds 300 
feet . 
The region is only moderately developed culturally. The largest town 
in the area is Pine Bluff, at the western border of the quadrangle, 
with a population of 57,000. Several towns in the quadrangle have 
populations that range near 10,000. The quadrangle contains a rela- 
t ively dense grid of roads and rai 1 roads, but contains no freeways. 

The Mississippi River roughly divides the states of Arkansas and 
Mississippi, but the river has apparently shifted somewhat since the 
boundary war original lp def ined . 

GEOLOGY 

Structure 

The area covered by the Helena quadrangle lies at the northern end 
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of the  Desha Basin area o f  the  Miss iss ipp i  Embayment. Cenozoic sedi-  
ment thickness i n  t h i s  po r t i on  o f  t he  basin range from near zero a t  
t he  northeastern corner t o  over 3,500 f e e t  along the cen t ra l  southern 
border. Cretaceous rocks may a lso a t t a i n  a subs tant ia l  thickness i n  
t h i s  area. The post-Paleozoic sect ion reaches a thickness o f  approxi- 
mately 5,000 f e e t  i n  the  south (F igure 2) .  

Other s t ructures are def ined by the  Paleozoic s t ra ta .  The nor thern and 
eastern regions o v e r l i e  a t h i c k  sequence o f  Paleozoics intermediate 
between the  Black Warrior and Arkoma Basins. This s t ruc tu re  shoals 
gradual ly  t o  the northeast from thickness o f  10,000 f e e t  or  more, bu t  
i s  abrupt ly  terminated t o  the  southwest by the  Ouachita Tectonic Zone. 
This  s t ructure,  which i s  exposed t o  the  northwest o f  the  quadrangle, 
represents Paleozoic geosyncl i n a l  sediments which were involved i n  a 
l a t e  Paleozoic orogenic event. The thickness and s t r u c t u r a l  conf igura-  
t i o n  of Paleozoic s t r a t a  w i t h i n  and adjacent t o  the  zone i s  s t i l l  
subject t o  some question. Sediments t o  the  northeast o f  the zone are 
thought t o  o v e r l i e  r e l a t i v e l y  s tab le  Precambrian basement. 

No surface f a u l t s  o f  any k ind  are mapped i n  the  Helena quadrangle. 

Sur f  ace Geol oav 

Quaternary mater ia ls  dominate the  Helena quadrangle. Flood p l a i n  areas 
are mapped as a1 1 u v i  um by Mart e l  Labor a to r  i es . Reg ions i ntermedi ate 
between f l o o d  p la ins  are mapped as Pleistocene a1 l u v i  a1 terraces. The 
eastern up1 ands cons is t  of Pleistocene loess deposits. A l together  the  
Quaternary sect ion covers over 99 percent o f  t he  surface. 

T e r t i a r y  sediments o f  the Jackson and Midway Groups, and the  Wilcox 
Formation cover l ess  than 1 percent o f  t he  surface. These sediments 
are l a r g e l y  sands and c lays t h a t  are l o c a l l y  g laucon i t i c  and f o s s i l i f -  
erous, and conta in some l i g n i t e .  

Uranium 

According t o  ava i l ab le  sources, there  are no known uranium deposits i n  
the  Helena quadrangle. 

INTERPRETATION OF GEOPHYSTCAL nATA 

A t o t a l  o f  60 groups o f  uranium (B i214 )  samples meet t h e  minimum 
s t a t i s t i c a l  requirements, se t  f o r t h  i n  t h e  data i n t e r p r e t a t i o n  sec t ion  
o f  Appendix A, t h a t  are used t o  de f i ne  anomalies. These are displayed, 
along w i th  a l l  o ther  anomalous samples and pe r t i nen t  data, on the  
Uranium A n o m a l y I I n t e p r e t a t i o n  Map ( F i g u r e  3 ) .  The anomalies a r e  
summarized i n  a t a b l e  i n  Appendix G. The potassium, uranium, thorium, 
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and r a t i o  pseudo-contour maps, which r e f l e c t  rad iomet r i c  responses f o r  
t h e  e n t i r e  quadrangle, are found i n  Appendix H. Discussion o f  t h e  
abundances o f  potassium, uranium, and thor ium are i n  terms o f  apparent 
equ iva lent  percent and apparent equ iva lent  ppm. These equ iva lent  u n i t s  
are der ived f rom s c a l i n g  o f  counts per  second data  by t h e  s e n s i t i v i t i e s  
ca l cu la ted  f o r  t h e  de tec t i on  system. They do n o t  d i r e c t l y  correspond 
t o  r e a l  geochemical data. 

The average concentrat ions o f  t h e  t h r e e  r a d i o a c t i v e  elements are h ighe r  
i n  t h e  Helena quadrangle r e l a t i v e  t o  surrounding areas. The average 
uranium concentrat ion i s  2.2 ppmeU. The average potassium and thor ium 
concentrat ions are 1.0 percent  and 7 .1  ppmeT respec t i ve l y .  

Highest average uranium concent ra t ions  occur i n  map u n i t s  QS ( P l e i s t o -  
cene loess)  a t  2.4 ppmeU. Map u n i t  QT (P le is tocene t e r r a c e  depos i ts )  
conta ins t h e  h ighest  average thor ium concentrat  ions. Highest average 
and peak concentrat ions o f  potassium occur i n  map u n i t  TJ (Eocene - 
Jackson Group) a t  1.2 and 2.3 percent  respec t i ve l y .  Map u n i t  QAL 
(Recent a1 luvium) conta ins t h e  h ighes t  peak concentrat  ions  o f  bo th  
uranium. and thor ium (4.3 ppmeU and 16.2 ppmeT r e s p e c t i v e l y )  . 
Despi te t h e  f a c t  t h a t  t h e  quadrangle i s  mapped as more than 99 percent  
Q u a t e r n a r y  s u r f i c i a l  d e p o s i t s ,  s e v e r a l  l a r g e  s c a l e  c o n t r a s t s  a r e  
ev ident  i n  t h e  rad iomet r ic  data. The th ree  r a d i o a c t i v e  elements show 
wide v a r i a t i o n  i n  t h e i r  r e l a t i v e  concentrat ions w i t h i n  t h e  quadrangle. 
Uranium appears t o  vary  almost randomly a t  t h e  map scale. However both  
thor ium and potassium concentrat ions are c l e a r l y  h igher  i n  the  f l o o d  
p l a i n  areas. Potassium i s  h ighe r  i n  a l l  f l o o d  p l a i n  areas, bu t  thor ium 
appears t o  concentrate o n l y  i n  t h e  M i s s i s s i p p i  and Arkansas Rivers.  
Th is  suggests t h a t  t he re  are inhomogeneties i n  t h e  a l l uv ium t h a t  may be 
r e l a t e d  t o  t h e  i n d i v i d u a l  source areas o f  t he  th ree  r i v e r s  i n  t h e  
Helena quadrangle. 

Anomalies are scat tered throughout t h e  quadrangle, bu t  tend t o  concen- 
t r a t e  i n  areas o f  c u l t u r a l  a c t i v i t y .  The peak uranium concentrat  ions 
i n  t h e  anomalies range as h igh  as 4.0 ppmeU, b u t  most anomalies have 
peak concentrat ions near 3.0 ppmeU. A l l  t h e  anomalies appear t o  have 
some c u l t u r a l  assoc ia t ion  (such as roads, r a i l r o a d s ,  p ipe1 ines, e t c . )  . 
The c l e a r  assoc ia t ion  o f  t h e  anomalies w i t h  c u l t u r a l  a c t i v i t y ,  coupled 
w i t h  t h e  e x t r e e l y  low concent ra t ions  o f  uranium and t h e  l a c k  o f  bedrock 
un i t s ,  i n d i c a t e  t h a t  none o f  t h e  anomalies depicted i n  t h i s  r e p o r t  have 
any r e a l  s ign i f i cance.  

Maanetic Data 

The magnetic f i e l d  pseudo-contour map appears i n  Appendix H. 

The s t r u c t u r a l  p i c t u r e  o f  t h e  reg ion  i s  b a s i c a l l y  one o f  a c e n t r a l i z e d  
Cenozoic sedimentary bas in  t h a t  shoals t o  the  northwest.  These sedi-  
ments o v e r l i e  an extremely deep Paleozoic Basin t h a t  shoals t o  t h e  

n o r t h e s t  and i s  a b r u p t l y  te rminated t o  t h e  southwest by  t h e  Ouachita 
Tecton ic  Zone. 

I n  general t h e  magnetic da ta  appear t o  be i n  f a i r l y  c l o s e  agreement 
w i t h  c u r r e n t  s t r u c t u r a l  i n t e r p r e t a t i o n s  o f  t h e  area. Low g rad ien ts  
p e r s i s t  throughout  t h e  reg ion .  One reg ion  o f  r e l a t i v e l y  h ighe r  g rad i -  
en ts  i n  t h e  southeastern corner  may r e l a t e  t o  some s t r u c t u r a l  and/or 
l i t h o l o g i c  t r e n d  , in  t h e  Ouachi ta Tectonic B e l t . -  
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INTRODUCTION 

General 

Under the U.S. Department of ~ n e r ~ ~ ' s  (DOE), National Uranium Resource 
Evaluation (NURE) Program, geoMetrics, Inc., conducted a high sensitiv- 
ity airborne. radiometric and magnetic survey. The data col lect ion 
and processing were conducted under requirements set forth in Bendix 
Field Engineering Corporation specification 1200-C, dated February, 
1979. The objectives of the (DoE)/NURE program, of which this project 
is a small part, may be summarized as follows: 

potassium, ratios), magnetic data, radar altimeter. data, barometric 
altimeter data, air temperature, and airborne bismuth contributions are 

. presented as profiles in this, report. Single record and averaged data 
'are presented on microfiche in report. These data are given at 1.0 
second sample intervals, corrected for Compton Scatter, referenced to 
400 foot mean terrain clearance as Standard Temperature and Pressure 
'and corrected for atmospheric bismuth. Digital magnetic tapes are 
available containing raw spectral data, single record data, magnetic 
data, and statistical analysis results. 

"TO develop and compi le geologic and other informat ion 
with which to assess the magnitude and distribution of 
uranium resources and to determ^ine areas favorable for the 
occurrence of uranium in the United States." (DOE) 

As an integral part of the DOEINURE Program, the National Airborne' 
Radiometric Program is designed to provide cost effective, semiquan- 
titative reconnaissance radio element distribution information to aid 
in the assessment of regional distribu'tion* of uraniferous materials 
within the United States. 

All Airborne data collected by geoMetrics during the course of this 
project were done .so utilizing a Beechcraft 865 Queen Air Airplane 
(U.S. Registry No. N827Q). The Queen Air used 3584 cubic inches of NaI 
crystal and a high sensitivity proton magnetometer (0.25 gamma). 

Each report contains a detailed geologic summary, interpretation 
report, reduced scale copies of all maps and profiles, histograms, and 
statistical tables for each quadrangle contained within the project. 
In addition, each report contains an appendix detailing the survey 
description, specifications, data collection and processing methods, 
and interpretation methods. 

A1 1 data processing, stat istical analyses, and interpretation were 
performed at the geoMetrics computer facility, Sunnyvale, California. 
After processing, the corrected data were statistical ly evaluated to 
define those areas which were radiometrically anomalous relative to 
other areas within each computer map unit. Standard deviation maps 
and radiometric and magnetie profile data were first evaluated indivi- 
dually and then integrated into a final interpretation map for each 
NTMS quadrangle. 

Corrected profiles of a1 1 radiometric variables (total count, potas- 
sium, uranium, thorium, uranium/thorium, uranium/potassium, and thorium 



OPERATIONS 

PRODUCTION SUMMARY 

For the forty three quadrangles a total of 63,748 line miles, excluding 
reflights and overlaps and missing data, were flown by the Queen Air. c 
The production summary presented below and the detailed daily produc- 
tion in Appendix B describes a portion of the total project. 

Prior to the start of the survey operations, the airplane was cali- 
brated at the DOE test pads and Dynamic Test Range in April, 1980. 
Requirements for system calibrations are 1 isted in the 1250-A specifi- 
cations from BFEC. 

Throughout the course of the overall project, the.average ground 
speed maintained by the Queen Air was 140 mph. 

Nearly 100% of the data collected were within the specification 
1 imi ts of 200-700 feet. Several deviations over short distances were. 
required to meet mi 1 i tary regul at ions, FAA safety requirements, and to 
ensure. that 1 ivestock were .not- endangered due to low flying aircraft. . . 

A sample altitude statistical distribution is shown in .Figure I. 

DATA COLLECTION PROCEDURES 

Operating ParametersISampl ing Procedures 

This survey was conducted using data collection parameters summarized 
be1 ow: 

1. Data sampling was performed by a time-base system using 1.0 second 
sample intervals. A1 1 sensor data with analog output were digit- 
ally sampled at each scan based upon the clock timing rate of 1.0 
seconds. The data so collected are the instantaneous values of 
the altimeter, temperature, pressure, and magnetometer parameters 
determined at the time of the data scan, but represent a count 
time of 1.0 seconds for the gamma ray spectrometer data. 

2. The airplane's objective ground speed was 140 mph and was not 
exceeded unless dictated by safety. 

3. The airplane's downward looking crystal volume was 3,072 cubic 
inches providing an objective VIV (crystal volume in cubic inches 
divided by ground speed in miles per hour) of 22.0 at 140 m.p.h. 

. . 

4. The upward' looking crystal volume was 512 cubic inches. 

FIGURE I 

Typical Radar Altimeter 
Statistical Summary 
Histogram "'for Single 
Flight Line 
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Navigat ionIFl  i g h t  Path Recovery 

For a l l  o f  the quadrangles, p r o f i l e s  were flown east-west a t  6  m i l e  
(9.6 km) spacing. North-south t i e  l i n e s  were flown a t  18 m i l e  (28.8 
km) spacing. 

~ a v i g a t i o n  was accompl i shed u s i n g  v i s u a l  n a v i g a t i o n  techn iques.  
F l i g h t  l i n e s  were drawn on 1:250,000 quadrangles and the  p i l o t l n a v i -  
q a t o r  u t i l i z e d  t hese  maps t o  p r o v i d e  v i s u a l  n a v i g a t i o n  f ea tu res .  

Simultaneously, a  35 mm t rack ing  camera was used t o  record actual 
f l i g h t  pos i t ion.  This camera's f i d u c i a l  numbering system was d i r e c t l y  
synchronized t o  the d i g i t a l  recording system such t h a t  a  one-to-one 
co r re l a t i on  between pos i t i on  and data could be made. Upon completion 
o f  a  data c o l l e c t i o n  f l i g h t ,  t he  35 mm f i l m  was processed and actual 
f l i g h t  path pos i t ions located on the appropriate scale map sheets. 

I n f i e l d  System Cal i b r a t i o n  

Due t o  the complex nature o f  both the system and the  required data 
in te rp re ta t ion ,  much emphasis was placed on i n f i e l d  ca l  i b r a t  ion o f  
the  data c o l l e c t i o n  system. The ob ject ive  o f  t h i s  c a l i b r a t i o n  was 
t o  ensure continuous high q u a l i t y  o f  the data col lected.  The d a i l y  
c a l i b r a t i o n  procedures used are summarized below: 

A., Pre F l i g h t  

1. Use -cesium sources (same pos i t i on ing  on- c r ys ta l s  every day), 
peak each P h o t o m u l t i p l i e r  t u b e l c r y s t a l  u s i n g  t h e  d i g i t a l  
sp l i t -w indow  d e t e c t o r  o f  t h e  GR-800. Then u s i n g  t h a l l i u m  
sources, repeat the tun ing o f  the ind iv idua l  c rys ta ls .  

2. Run f u l l  cesium spectrum on analog recorder f o r  both down and 
up looking crys ta ls .  Calculate the  cesium reso lu t i on  (see 
sample i n  Figure 11). Run spectrum out past  the K40 peak on 
down c r ys ta l s  f o r  evaluat ion o f  system tuning. 

3 .  F i n a l l y  run a  f u l l  thorium analog spectrum o f  the  down c r ys ta l s  
and check f o r  center ing o f  K40 and TI208 peaks i n  spectrum. 

4. Repeat 1-3 u n t i l  system i s  w i t h i n  cont ract  spec i f ica t ions.  

B. During F l i g h t  

1. F l y  t e s t  l i n e  a t  survey a l t i t u d e  (400 ft), f o r  ap rox ima te l y  
f i v e  miles, p r i o r  t o  product ion da ta*  c o l l e c t i o n  record both 
analog and d i g i t a l ) .  

P 
2. P r i o r  t o  production data co l lec t ion ,  the above data are eval- 

uated t o  ensure +20% l i m i t s  on t o t a l  count compared t o  average 
o f  a1 1  t e s t  f l i g r t s  from t h a t  base o f  operations. 



. DATA COLLECTION SYSTEM 

3. Dur ing product  i o n  da ta  c o l l e c t i o n ,  mon i to r  radon analog d,ata 
f o r  unusual increases.  V i s u a l l y  c o r r e l a t e  these w i t h  tempera- 
t u r e  and baromet r ic  pressure. 

4. Upon c o m p l e t i o n  o f  p r o d u c t i o n  d a t a  c o l l e c t i o n ,  r e f l y  t e s t  
l i n e  a t  s u r v e y  a l t i t u d e  ( 4 0 0  f t ) .  Record  b o t h  ana log  and 
d i g i t a l  .. 

C .  Post F l i g h t  

1. V e r i f y  t e s t  l i n e  t o t a l  count w i t h i n  20% o f  average f o r  a l l  
t e s t  l i n e s  a t  t h a t  base o f  opera t ions .  

2. . Using cesium sources (same p o s i t i o n  as p r e - f l i g h t ) ,  r u n  f u l l  
cesium spectrum f o r  bo th  down and up c r y s t a l s  ( a l l o w  i t  t o  
record  through t h e  K40 peak i n  t h e  down c r y s t a l s ) .  'Repeat  
t h e  procedure us ing  t h a l l i u m  sources and examine the  TI208 
window. 

3. Ca l cu la te  t h e  r e s o l u t i o n  o f  down and up c r y s t a l  pack. 

4. Determine s h i f t ,  i f  any, i n  TI208 peak p o s i t i o n .  

F i e l d  D i g i t a l  Data V e r i f i c a t i o n  

A t  t he  complet ion o f  each f l i g h t ,  t h e  raw d i g i t a l  da ta  tapes were 
checked f o r  d a t a  q u a l i t y  and comple teness  on  g e o M e t r i c s 8  6-725. 
The 6-725 system i s  a  t o t a l  l y  p o r t a b l e  m i n i  computer (and p e r i p h e r a l s )  
c o n s i s t i n g  o f ;  an I n t e r d a t a  516, two 9  t r a c k  t a p e  d r i v e s ,  a  CRT, 
a  l i n e  p r i n t e r ,  and two f l o p p y  d iscs .  Any d i g i t a l  problems encountered 
were immediately evaluated b y  t h e  e l e c t r o n i c s  opera tor  and da ta  man, 
t hus  assur ing optimum da ta  qua1 i t y .  I n  add i t i on ,  h is togram i n f o r m a t i o n  
f o r  each measured v ,a r iab le  was generated. Thus a  summary d i s p l a y  
o f '  a l t i t u d e ,  e t c .  ,' i s  a v a i l a b l e  f o r  immediate eva lua t i on .  

AIRCRAFT 

The a i r c r a f t  used f o r  t h i s  survey was a  Beechcra f t  Queen A i r  Model 
65, U.S. R e g i s t r y  Number N827Q. T h i s  a i r c r a f t ,  be ing a  medium t w i n  
engine a i r c r a f t ,  possesses o v e r a l l  performance and s a f e t y  f e a t u r e s  
which makes i t  i d e a l  f o r  low l e v e l ,  f ixed-winged a i r b o r n e  geophysica l  
survey work w i t h i n  areas of up t o  modera t ly  rough topograph ic  r e 1  i e f .  
I t  can c a r r y  t h e  adequate payload a t  t h e  necessary lower cons tan t  
a i rspeeds and s t i l l  m a i n t a i n  a  wide envelope o f  sa fe ty ,  a l l  w h i l e  
o p e r a t i n g  economical ly .  Performance d a t a  f o r  t h e  Queen A i r  Model 65 i n  
i t s  p resent  survey c o n f i g u r a t i o n  are  g i v e  below: 

Maximum A i r c r a f t  Gross Weight 
A i r c r a f t  Empty ( d r y )  
Max. u s e f u l  load  i n c l u d i n g  f u e l  

Geophysical Package 
Nav iga t i on  Eqpt. 81 E x t r a  Av ion i cs  
Main Fuel Tanks 
Aux. Fuel Tanks 
P i l o t  
E l e c t r o n i c s  Operator  

Minimum Con t ro l  Speed 95 MPH *IAS a t  
Safe S i n g l e  Engine Speed 105 MPH IAS a t  

Rate o f  c l imb  bo th  engines 1,300 *FPM a t  
Rate o f  c l i m b  s i n g l e  engine 210 FPM a t  

4,640 l b s .  
3,060 l b s .  

1,110 l b s .  
125 l b s .  
528 l b s .  
864 l b s .  
175 1 . b ~ .  
175 l b s .  

Total, 2,977 l b s .  

Gross Weight 
Gross Weight 

Gross Weight 
Gross Weight 

*IAS = I n d i c a t e d  A i r  Speed *FPM = ~ e e t  Per Minu te  

Avgas consumption '= 36 U.S. g a l  lons  [216 l b s ]  per  hour ' [ a t  75% power] 
Endurance a t  36 ga l  lons  [216 lbs . ]  p e r  hour 75% power = 6 h r s .  6 mins. 
Range o f  c r u i s e  a t , 75% power w i t h  45 min. rese rve  = 1,200 m i l e s  

C ru i se  c o n f i g u r a t i o n  s t a l l i n g  speed a t  Gross Weight [7700 l b s ]  a t  0 "  
Bank = 80 MPH IAS a t  45" Bank = 95 MPH IAS 



E l e c t r o n i c s  

The major  components o f  t h e  a i r b o r n e  d a t a  c o l l e c t i o n  system a r e  
summarized below (shown schemat ica l  l y  i n  F i g u r e  111): 

1. Gamma Ray S p e c t r o m e t e r ,  g e o M e t r i c s  GR-800, u t i l i z i n g  a  d u a l  
256 c h a n n e l  c a p a b i l i t y  t o  p r o v i d e  s p e c t r a l  d a t a  i n  t h e  0.4 
t o  3.0 MeV range f o r  b o t h  t h e  downward l o o k i n g  and t h e  upward 
l o o k i n g  c r y s t a l  packages  and c o v e r a g e . i n  t h e  3.0 t o  6 .0  MeV 

t range f o r  cosmic background. 

2. C r y s t a l  D e t e c t o r ,  g e o M e t r i c s  Model DET-3072/512R c o n s i s t i n g  
o f  3072 c u b i c  i n c h e s  i n  t h e  downward l o o k i n g  c o n f i g u r a t i o n  
and 512 cub i c  inches a p p r o p r i a t e l y  sh ie l ded  i n  an upward i o o k i n g  

- c o n f i g u r a t i o n .  

3. A  geoMetr ics  D i g i t a l  Data A c q u i s i t i o n  System, Model 6-714 w i t h  
" r e a d - a f t e r - w r i t e "  d a t a  v e r i f i c a t i o n ,  r e c o r d i n g  t h e  f o l l o w i n g  
on magnet ic tape:  

a. 512 channels o f  gamma r a y  spect rometer  d a t a  
, . 

b. T o t a l  magnet ic i n t e n s i t y  

c. F i d u c i a l  . number f rom d a t a  systemlcamera 

d. Manua l - l y  i n s e r t e d  i n f o r m a t i o n ;  i .e. d a t e ,  s u r v e y  a r e a ,  
and f l i g h t  l i n e  number 

I 
e. A l t i t u d e  f r o m  r a d a r  a l t i m e t e r  and b a r o m e t r i c  a l t i m e t e r  

( b y  ana log - to -d i g i  t a l  convers ion)  

f. Time i n  days, hours, m inu tes  and seconds 

g. Outs ide a i r  temperature 

4. Magnetometer, geoMetr i c s  ~ i r b o r n e  Model 6-803, capable o f  0.125 
gamma s e n s i t i v i t y ,  b u t  operated a t  0.25 gamma s e n s i t i v i t y .  

5. Radar  A l t i m e t e r . ,  Bonze r  Model Mark '10 w i t h  r e c o r d i n g  o ' u t p u t  
and d i s p l a y  o p e r a t i n g  over  an a l t i t u d e  range o f  0  t o  2,500 f e e t .  

6. Rosemont Baromet r i c  A l t i m e t e r . w i t h  r e c o r d i n g  . o u t p u t  and d i s p l a y .  
. - 

7. Recording Thermometer f o r -  m o n i t o r i n g  . - o u t s i d e  a i r  temperature.  
. .. . - 

8. T rack ing  Camera. Automax 35 mm f r am ing  camera w. i th wide angle 
l ens  and 10 cha rac te r  f i d u c i a l l l i n e  number- d i s p l a y  t o  p r o v i d e  
f l i g h t  pa th  recove ry  da ta .  



SYSTEM CALIBRATION 

9. Analog Recorder geoMetr ics (MARS 6 ) t o  record  the  f o l l o w i n g  data: 

a. Bi214 us ing  a  window about the  1.76 MeV peak from the  down- 
ward l ook ing  system. 

b. B i  a i r  background from t h e  upward 
l ook ing  system. 

c .  ~ a ~ n e t o m e t e r  

d. Radar A l t i t u d e  

e. T o t a l  c o u n t  f o r  downward l o o k i n g .  system ( 0 . 4  t o  3.0 MeV) 

f .  Barometr ic A l t i t u d e  . 
g. Time markers 

10. HP 7155 s i n g l e  channe l  ana log  r e c o r d e r  d u r i n g  p r e  and p o s t  
f l i g h t  c a l i b r a t i o n s ,  t h i s  recorder  i s  used t o  p l o t  a f u l l  analog 
spec t ra  f o r  bo th  t h e  down and up c r y s t a l  systems v i a  the  GR-800. 
Thus, a  hard copy reco rd  o f  t he  da ta  used f o r  reso lu t i on ,  d r i f t ,  
e tc . ,  checks are a v a i l a b l e  a t  a l l  t imes. Th is  approach prov ides  
i n s t a n t  v e r i f i c a t i o n  o f  system parameters ( r e f e r  t o  F igure  11).  

AIRCRAFT AbJD COSMIC BACKGROUND , 

F u l l  s p e c t r a l  da ta  are  c o l l e c t e d  a t  f i v e '  ( 5 )  a l t i t u d e s  over  water  
(14,000 f e e t ,  12,000 f e e t ;  10,000 f e e t ;  8,000 f e e t  and 6,000 f e e t )  
i n  an area where t h e  ex i s tence  o f  no a i rbo rne  Bi214 can be assured 
( o f f  shore over  t h e  P a c i f i c  Ocean). Th i s  r e s u l t s  i n  separate spec t ra  
as shown schemat i ca l l y  i n  F i g u r e  10. We d e f i n e  S(12,OOO) t o  be t h e  
s p e c t r a  a t  12,000 f e e t  f rom .0.4 MeV t o  3 .0  MeV w i t h  S(8,OOO) t h e  
same spec t ra  a t  a  lower a l t i t u d e  (8,000) and C.(h)  t h e  t o t a l  count 
between 3.0 and 6.0 MeV a t  r e s p e c t i v e  a l t i t u d e s . '  S ince t h e  a i r c r a f t  
background i s  c o n s t a n t ,  t h e  d i f f e r e n c e  between any two  a l t i t u d e s  
separated s u f f i c i e n t l y  - t y p i c a l l y ,  2,000 f e e t  - y i e l d s '  t h e  cosmic 
spectra ' l .  curve shap'e as sh6hn schemat i ca l l y  i n  F i g u r e  V I .  Thus 

S(12,OOO) - S(8,OOO) = A S  
and 

'C (hi) - EC8 ( h i )  = A C  12 
Th is  cosmic s p e c t r a l  curve i s  scaled back t o  12,000 f e e t  as f o l l o w s :  

C12 ( h i )  XAS 
A C  

= A C  (12,000) t h e  Cosmic Spectrum (shape and 
magnitude a t  12,000 f e e t )  

The a i r c r a f t  background i s  de r i ved  as fo l lows:  

S(12,OOO) - C(12,OOO) = A/C Background 

S i n c e  d a t a  were c o l l e c t e d  a t  f i v e  a l t i t u d e s ,  t h i s  p r o c e d u r e  was 
r e p e a t e d  f o r  each c o m b i n a t i o n  o f  a l t i t u d e s  and r e s u l t s  averaged.  
Typ i ca l  a i r c r a f t  and cosmic spec t ra  are  shown i n  F igures  V, AND V I  
r espec t i ve1  y. 

.SYSTEM CONSTANTS 

System c o n s t a n t s  were  d e t e r m i n e d  b y  o c c u p a t i o n  o f  t h e  DOE Walker  
F i e l d  Test  Pads. (See Ward, 1978, and Stromswold, 1978, f o r  complete 
d e s c r i p t i o n s  o f  t h e  b u i l d i n g  and mon i to r i ng  o f  t h e  pads). The f i v e  
t e s t  pads conta ined.  va ry ing  concen t ra t i ons  of K, U, and T  as p re -  
sented by BFEC: 7 



PAD - K - U - T - 

M a t r i x  1.45% . 2.19 ppm 6.26. ppm 

MeV 

MeV 

o MeV 3  " 6  

K  5.14% 5.09 ppm . 8.48 ppm 

U 2.03"k 30.29 ppm 9.19 ppm 

T 2.01% 5.14 ppm 45.33 ppm 

~i xed 4.1 1.X 20.39 ppm 17.52 ppm 

Since t h e  measurements were taken over  a  r e l a t i v e l y  s h o r t  t ime  p e r i o d '  
( a  f e w  h o u r s ) ,  i t  was assumed t h a t  t h e  m a t r i x  pad measurements 
c o n t a i n  n o t  o n l y  t h e  e f f e c t s  o f  t h e  m a t r i x  pad i t s e l f ,  b u t  a l s o  
a i  r c r a f t  b a c k g r o u n d  (which i s  a  cons tant ) ,  cosmic background (cons- 

J t a n t  o v e r  t h e  t i m e  p e r i o d  o f  i n t e r e s t ) ,  and a l l  o t h e r  l o c a l  back- 
g r o u n d  (e.g. B i A i r ,  e t c . )  e f f e c t s .  (The m a t r i x  pad i s  cons t ruc ted  
w i t h  o n l y  t h e  b a s i c  c o n c r e t e  m i x  w i t h o u t  t h e  a d d i t i o n a l  elemental 
m i n e r a l s ) .  Thus, b y  s u b t r a c t i n g  t h e  m a t r i x  pad count  r a t e s  f rom 
t h e  c o u n t  r a t e s  i n  t h e  f o u r  pads,  we have' e l i m i n a t e d  a i r c r a f t - . a n d  
cosmic .  backg round  and B i A i r  e f f e c t s  f o r  t h e  f o u r  pads. The pad 
c o n c e n t r a t i o n s  a r e  t h e n  m o d i f i e d  i n  a  s i m i l a r  f a s h i o n  by t h e  sub- 
t r a c t  i on o f  t h e  m a t r i x  pad concentrat ions.  The d i f f e r e n t i a l  concen- 
t r a t i o n s  i n  t h e  pads a r e  g i ven  i n  t h e  t a b l e  below. 

PAD - K - 

K-Mat r i  x  3.7% 2.9 ppm . ,2.2 ppm 

U-Mat ri x  0.6% 28.5 ppm 2.9 ppm 

T-Matr ix  0.6% 3.0 ppm 39.0 ppm 

Mixed-Matr ix  ' 2.7% 18.8 ppm 11.3 ppm 

C o n s i d e r i n g  t h e  above, we can  d e f i n e  a  f u n c t i o n a l  r e l a t i o n s h i p  
be tween t h e  d i f f e r e n t i a l  concen t ra t i ons  and t h e  r e s i d u a l  count r a t e s  
w h i c h  w i  1 1  p rov ide  a method o f  de te rm in ing  t h e  c a l i b r a t i o n  constants 
f o r  t h e  spectrometer  system. These c a l i b r a t i o n  constants a re  t h e  s i x  
( 6 )  s t r i p p i n g  c o e f f i c i e n t s  w h i c h  a c c o u n t  f o r  t h e  i n t e r a c t i o n s  
o c c u r i  n g  be tween t h e ,  e l e m e n t a l  c h a n n e l s  i n  t h e  sys tem (Compton 
s c a t t e r  c o e f f i c i e n t s ,  e t c .  ). 

On t h e  b a s i s  o f  an r idkal s i t u a t i o n ,  one would anticipate t h a t  some o f  1 

t h e s e  i n t e r a c t i o n s  s h o u l d  . b e  n e g l i g i b l e .  Th is  i s  no t  t o t a l l y  t h e  
case, s i n c e  we a r e  d e a l i n g  w i t h  a  system which has l e s s  than  i n f i n i t e  
r e s o l v i n g  power  ( i . .e .  t h e  e n e r g i e s  a r e  smeared t o  some e x t e n t ) .  

FIGURE IV - M u l t i p l e  a1 t i t u d e  spec t ra  Schematic 





DERIVED COSMIC SPECTRUM FROM P L C I F I C  OCELM D L T L  

DOUNULRD-LOOKIMC CRVSTM. SPECTRUM FOR L I N E  COSMIC, DLTED 0 7 2 5 7 7  ' 
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Thus, energy peaks w i t h i n  a spectrum o f  a g iven element are Gaussian 
shaped r a t h e r  t h a n  pure l i n e  spectra. Add i t i ona l l y ,  we are dea l ing 
w i t h  f i n i t e  s p e c t r a l  w . i  ndows, mu1 t i p l e  peaked spect ra ,  and pulse 
p i l e u p ;  a l l  t e n d  t o  coup le  each window's response t o  t h e  o ther . ,  

Keeping i n  mind t h a t  we are dea l ing w i t h  the count ra tes  correspond- 
i n g  t o  the  concentrat ions presented i n  the l a s t  table,  we def ine the 
f o l l ow ing :  

KC1 = uncorrected system count r a t e  f o r '  the  K channel 

UCi = uncorrected system count r a t e  f o r  the  U channel 

TCi = uncorrected system count r a t e  f o r  the  T channel 

K i  = t h e  percent d i f f e r e n t  i a1 concentrat i on  o f  potassium 

U i  =. ppm d i f f e r e n t i a l  concentrat ion o f  uranium 

T i  = ppm d i f f e r e n t i a l  concentrat ion o f  thor ium 

where "i" r e f e r s  t o  t he  i t h  pad. 

We a lso  de f ine  the  fo l lowing:  

.c kk= s e n s i t i v i t y  o f  K C i  t o  concentrat ions o f  K j  

5 ku' s e n s i t i v i t y  o f  K C i  t o  concentrat ions o f  U i  

5 k t =  s e n s i t i v i t y  o f  K C j  t o  concentrat ions o f  T i  

cuk=  s e n s i t i v i t y  o f  U C i  t o  concentrat ions o f  K j  
A 

5 ,,,,= s e n s i t i v i t y  o f  U C i  t o  concentrat ions o f  U i  

c u t =  s e n s i t i v i t y  o f  U C i  t o  concentrdLiur~s o f  T i  

5 t k =  s e n s i t i v i t y  o f  T C i  t o  concentrat ions o f  K i  

c t u =  s e n s i t i v i t y  o f  T C i  t o  concentrat ions o f  U i  

t t =  s e n s i t i v i t y  o f  T C i  t o  concentrat ions o f  T i  

K pad KCk = ~ k k K  + ~ k u u  + ~ k t T  

UCk = cukK + cuuU + S U ~ T  

U pad KCU = ~ k k K  + ~ k u U  + cktT 

T pad KCt = 5kkK + 5kuU + 5ktT 

U C t  = ~ u k K  + CuuU + cutT 

Separat - i  ng t h e s e  e q u a t i o n  i n t o  c o n s i s t e n t  groups,  we ge t  f o r  t he  
uncorrected count r a t es  i n  the  K channel 

(K pad) KCk = <kkKk + ckuuk + ~ k t T k  

(Upad )  K C U = ~ k k K u + ~ k u U u + ~ k t T u  

(T pad) KCt = c kkK t  + c kuUt + c k t T t  

The equations can be expressed i n  m a t r i x  n o t a t i o n  

Where t h e  k, u and t s u b s c r i p t s  r e p r e s e n t  t h e  K, U and T pads, 

I n  a s i m i l a r  manner we can w r i t e  two o t h e r -  m a t r i x  e q u a t i o n s  f o r  
UCi and TCi respect ive ly .  

Us ing  t h e  above d e f i n i t i o n s ,  we now const ruc t  the func t iona l  r e l a -  
t i o n s h i p  by means o f  t h e  f o l l o w i n g  n i n e  ( 9 ) ; equa t i ons  I n  sets of 
t h ree  (3)  per  pad. 



C o l l e c t i n 9  t h e  ab-6"6, t hese  equa t i ons  can b e  expressed i n  mat r i x  
form as 

Ckt Gut 5 t t  

- 
where i s  t h e  r e s i d u a l  count  r a t e  m a t r i x ,  B i s  the matr ix  o f  the 
known d i f f e r e n t i a l  c o n c e n t r a t i o n s  and t the s e n s i t i v i t y '  matr ix .  

Rearranging t he  above equations we have 
- , -  - 1  
~ = j i * 5  

We now de f ine  

- .  

E l im ina t ing  5 ,  we ge t  

We can now solve f o r  i by matr ix  inversion.  

The re fo re ,  t h e  d i f f e r e n t i a l  concentrat ions i n  the mixed pad can be 
der ived from the  k,u,t pads t o  check the  computed X. 

where t h e  s u b s c r i p t  m r e f e r s  t o  t h e  mixed pad. Expanding t h i s  i n  
a lgebra ic  form we ob ta in  the f o l l ow ing  se t  o f  equations: 

The terms i n  parentheses i n  t he  above 3 equations are the  "corrected 
s t r i p p e d  count r a tes "  f o r  the system, and t h e  s t r i p p i n g  c o e f f i c i e n t s  
a re  as fo l l ows :  

= &L (e f fec t  of uranium on potassium) 
Sku 4 k  

Skt = (effect o f  thor ium on potassium) 
lskk 

. . 

Sut = A& (e f fec t  of thor ium on uranium) 
*U u  

Suk = A&.. ( e f f e c t  o f  potassium on uranium) 
h u  

S t u  = A& (e f fec t  of uranium on thorium) 
A t  t 

Stk = (effect of potassium on thorium) 
A t  t 

These s t r i p p i n g  c o e f f i c i e n t s  a r e  d e f i n e d  i n  terms o f  S i j  i n  order 
t o  e l i m i n a t e  confusion w i t h  a, 0, and y, which are sometimes def ined 
s l  i g h t l y  d i f f e r e n t l y .  

ATMOSPHERIC RADON CORRECTION 

Consider t he  c r y s t a l  con f i gu ra t i on  shown 'be1 ow.: 

.. 
+Lead Sh ie ld  

1 

I Xta l  I I 



Le t  1 and 2 designate t h e  down and up c r y s t a l  respec t i ve l y .  The down 
c r y s t a l  sees r a d i a t i o n  r a t e s  o f  I composed o f  t h e  a i r  s i g n a l  Ia 
and, t h e  ground s igna l  I p l u s  a i r c r a f t  and cosmic background. 

9 

S i m i l a r l y ,  t h e  up c r y s t a l  sees t h e  a i r  s i gna l  and ground s igna l  (bo th  
somewhat at tenuated)  p l u s  an a i r c r a f t  and cosmic background. 

Therefore 

Where m i s  t h e  response  t o  t h e  a i r  s i g n a l  and i s  t h e  % o f  t h e  
, ground s igna l  g e t t i n g  through t o  t h e  up detec tor .  

Using the  t e s t  pad data, t h e  f a c t o r  can be determined. Consider 
t he  two' prev ious equat ions. When we sub t rac t  t h e  m,atrix pad da ta  
from t h e  K, U, and T pad data, we have essen t i a l  l y  s e t  A ~ ,  A2, 
C1, and C. snd I eql-~al t o  zero. '2 a 

- Therefore I1 - Ig 

I n s t e a d ' o f  us ing  the  count r a t e s  we can use t h e  r e s u l t a n t  s e n s i t i v i -  
t i e s  11~;~ t o  determine i f o r  t h e  elemental channel U. 

- - l I A u u  (up) 

ll',uu (down) 

It should be noted t h a t  due t o  "shine around" ( s ince  t h e  s h i e l d i n g  i s  
no t  an i n f i n i t e  plane, t h e  upward l ook ing  c r y s t a l  responds t o  t h e  
surrounding t e r r a i n )  on t h e  t e s t  pads, as a l t i t u d e  increases, s-hould 
decrease, thus  a= f ( h ) .  

O n l y  t h e  ' f a c t o r  m rema ins  t o  be  de te rm ined .  T h i s  u n f o r t u n a t e l y  
cannot be determined f rom t e s t  pad data.  It can however be de ter -  
mined b y  f l y i n g  o v e r  w a t e r  (e.g.  use o f  t he .  Lake Mead o v e r - w a t e r .  
da ta) .  

Consider t h e  equat ions  f o r  I1  and I 2  aga in  

I1 = Ig + I, + A1 + C 1  

I 2  =PIg + mIa + A2 + C2 . .. 

Over wa te r  I g  = 0 

We have A1, 'A2, C 1 ,  and C2 def ined.  

Reinovi n g  t h e  a i r c r a f t  and cosmic background f rom t h e  over  wa te r  da ta  
and we a r e  l e f t  w i t h  

Since m i s  t h e  s h i e l d i n g  f a c t o r  response t o  t h e  a i r  s igna l ,  we should 
have an a i r  s i g n a l  t o  "sh ie ld" .  Thus'm i s  b e s t  determined i f  t h e r e  
i s  radon present .  

. .. . ,- 

Bo th  up' and down. coun t i ng  r a t e s  a r e  c o r r e c t e d  f o r  a i r c r a f t  and cosmic 
b a c k g r o u n d  and so  we c a n  s o l v e  t h e  f o l l o w i n g  t w o  e q u a t i o n s  f o r  
I:.-' 

b u t  I g  = 11 - Ia 

t h e n  Ia (m-a) = I 2  - a11 

and I, i s  t h e n  t h e  B i  A i r  c o n t r i b u t i o n  f r o m  t h e  sur round ing  a i r .  
T h i s  i s  t h e n  s u b t r a c t e d  f r o m  t K e  down l o o k i n g  U count r e s u l t i n g  i n  
c o r r e c t e d  data. 



DATA PROCESSING 

DATA PREPARATION 
/ 

The f o l l o w i n g  sec t ions  summarize t h e  techniques used f o r  reduc t i on  
and processing o f  t h e  a i rbo rne  data  c o l l e c t e d  by geoMetr ics. 

F i e l d  Tape V e r i f i c a t i o n  and E d i t  

The f i e l d  d a t a  t a p e s  c o n t a i n i n g  t h e  a i r b o r n e  d a t a  a r e  r e a d  on a  
computer t o  v e r i f y  t h e  record ing  and data  q u a l i t y .  Data recovery i s  
e s s e n t i a l l y  100% from t h e  f i e l d  tapes. Dur ing t h i s  phase, s t a t i s -  
t i c s  are generated summarizing a l l  t h e  var iabl 'es recorded .fir each 
f l i g h t  l i n e .  Simultaneously, t h e  spec t ra l  peaks are evaluated f o r  
s h i f t s  us ing  a  c e n t r o i d  c a l c u l a t i o n  and t h e  p a r t i c u l a r  window's peak 
channe l .  The d a t a  a r e  a l s o  checked f o r  c o r r e c t  scan l e n g t h s  and 
proper j u s t i f i c a t i o n  o f  da ta  f i e l d s  w i t h i n  each scan and and l i v e  
t ime c a l c u l a t i o n s  are made. Dur ing t h i s  process, t h e  desi red window 
d a t a  f i e l d s  a r e  e x t r a c t e d  f r o m  each spec t rum and r e w r i t t e n  as a  
re format ted  copy tape. (Po r t i ons  o f  t h i s  opera t ion  were performed i n  
t h e  f i e l d  us ing  t h e  6-725 f i e l d  computer system.) 

The re format ted  raw da ta  f o r  each f l i g h t  l i n e  ( w i t h  aborted o r  un- 
necessary f l i g h t  l i n e  da ta  e d i t e d  o u t )  are then checked f o r  cons is -  
tency, da ta  spikes, gradients,  e t c .  Every c o r r e c t i o n  suggested b y  t h e  
computer i s  evaluated by t h e  da ta  processing personnel p r i o r  t o  imple- 
mentat ion. Upon complet ion o f  t h e  phase, t h e  da ta  on t h e  ou tput  tape 
are "cl'ean" and ready f o r  subsequent c o r r e c t i o n  o f  t h e  rad iomet r i cs  and 
t i e i n g  o f  t h e  magnetics. 

F l i a h t  L i n e  Locat ion  

A s i n g l e  frame 35 mm camera i s  used f o r  o b t a i n i n g  p o s i t i o n  recovery  
i n f o r m a t i o n .  The p h o t o  l o c a t i o n s  a r e  s p o t t e d  o r  t r a n s f e r r e d  t o  
a  s u i t a b l e  base map and are d i g i t i z e d .  The f i d u c i a l  numbers o f  t h e  
s p o t t e d  p o i n t s  a l o n g  each l i n e  a r e  e n t e r e d  du r ' i ng  t h e  d i g i t y i n g  
p rocess .  A computer  p rogram i s  u s e d . t o  check t h e  c o n s i s t e n c y  of  
these data  using' c a l c u l a t e d  i n t e r s e c t i o n s  from t i e  l i n e  t o  t i e  l i n e  
and f rom t r a v e r s e  t o  t raverse .  This  program al lows easy d e t e c t i o n  
o f  e n t r y  e r r o r s  as w e l l  as p o t e n t i a l  f l i g h t  path recovery e r r o r s .  

A computer program then c a l c u l a t e s  t h e  map l o c a t i o n  f o r  each i n t e r -  
sec t i on  and t h e  beginning and end o f  each l i n e  b_ased on t h e  f i d u c i a l  
numbers and t h e  c o n t r o l  l i n e l t i e  g r i d .  A  computer p l o t  i s  made o f  
these l oca t i ons  t o  check -- . 'against t h e  f i e l d  p l o t  and c o r r e c t  e d i t i n g  

i n fo rma t ion .  These f l i g h t  l i n e s  are  t h e n  o v e r l a i n  on the. geo log i c  
base map and each map u n i t  i s  d i g i t i z e d  such t h a t  each sample f a 1  1s 
w i t h i n  a  s i n g l e  u n i t .  T h i s  r e s u l t i n g  l o c a t i o n  i n f o r m a t i o n  i s  the'n 

1 merged w i t h  t h e  geophys ic ia l  da ta  us ing  t h e  f i d u c i a l  numbers as 
common re ference.  

RADIOMETRIC DATA REDUCTION 

Reduct ion of t h e  raw window d a t a  was c a r r i e d  ou t  u t i l i z i n g  system 
c a l i b r a t i o n  constants as de r i ved  f rom h igh  a l t i t u d e  over  water f l i g h t s ,  
Lake Mead Dynamic Test  Range, and t h e  Walker F i e l d  Test  Pads. The da ta  
r e d u c t i o n  sequence used i s  summarized i n  F i g u r e  V I I .  Processing o f  t h e  
d a t a  was performed us ing  t h e  window energies g i ven  below: 

T o t a l  count - 0.4 t o  3.0 MeV 

, U  - 1.66 t o  1.87 MeV (downward l ook ing  system) 

U u ~  
- 1.04 t o  1.21 MeV and 1.65 t o  2.42 MeV (upward 

l o o k i n g  system) 

Cosmic - 3 t o  6 MeV (downward and upward l ook ing  system) 

A i r c r a f t  and Cosmic background f o r  t h e  Queen A i r  over  these windows 
are  as fo l l ows :  

QUEEN AIR 

A i r c r a f t  Cosm i c* 

*Cosmic background values are- i n  cps per  1.0 cps i n  t he  3-6 MeV 
window. 
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This step performs the 
fo l lowing:  

' System Live t ime calculation 
Oe~ i l ra id  ealoulat ion of 
K,U,T peaks stabi l i ty  

determination 

- Compares window output 
with spectral sums over 

windows 
- Checks for spiking, etc. 
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for radar and barometer 

altitude, air temperature. 

and gamma ray variables. 
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Compton co r rec t i ons  t o  t h e  down da ta  were made using the  f o l l o w i n g  
constants: 

S i  j - QUEEN AIR 

S t k  0.0 

The i j subsc r ip t s  represent  t h e  i n f l u e n c e  o f  t h e  jth window on 

t h e  ith window. 

A l l  pa ramete rs  excep t  f o r  S u t a r e  c o n s i d e r e d  c o n s t a n t s .  Sut was 

considered an a l t i t u d e  dependent paramenter u t i l i z i n g  t h e  f o l l o w i n g  
expression ( a f t e r  Grasty, 1975). 

SiJt 
+ 0.0076h, where h  i s  t h e  a l t i t u d e  i n  

hundreds o f  f e e t .  , 

A l t i t u d e  a t tenuat ion  c o e f f i c i e n t s  used are de f ined as f o l l o w s :  

ALTITUDE ATTENUATION COEFFICIENTS 

QUEEN AIR 

TC (pe r  f o o t )  0.002011 

K  (per  f o o t )  . ' 0.002740 

U (pe r  f o o t )  0.002479 

T (pe r  f o o t )  0.002048 

A1 1  r a d i o m e t r i c  da ta  presented i n  t h e  s t r i p  c h a r t s  have been normal- 
i zed  t o  400 fee t  mean t e r r a i n  c learance a t  STP us ing  t h e  expression: 

exp - u  273015 P ( h  - 400) 
760 T 

where h  i s  t h e  h e i g h t  i n  f e e t ,  ui i s  t h e  a p p r o p r i a t e  a l t i t u d e  a t -  
t enua t i on  c o e f f i c i e n t ,  P i s  i n  mm o f  Hg, and T  i s  i n  degrees K e l v i n .  
I n  cases where t h e  a l t i t u d e  exceeds 1,000 fee t ,  t h e  c o r r e c t i o n  co- 
e f f i c i e n t s  were l i m i t e d  t o  t h e  1,000 f o o t  value. 

.Bi A i r  c a l c u l a t i o n s  a re  made us ing  t h e  f o l l o w i n g  expressions: 

Uup - (Rus + C'uk C'uu Rks  + C ' u t  c ' uu Rts) a 

Where U  = count r a t e  f rom upward de tec to rs  
u  P  
a  = c r y s t a l  coup l i ng  cons tant  

m  = c r y s t a l  geometr ic f a c t o r  

C I u k ,  C m u t ,  C l U u ,  = s t r i p p i n g  c o e f f i c i e n t s  r e l a t i n g  down da ta  
t o  up d a t a  

.- R = s t r i p p e d  uranium count r a t e  - down system 
. us 

Rks  = s t r i p p e d  potassium count r a t e  - down system 

R t s  = s t r i p p e d  tho r ium.coun t  r a t e  - down system 

The numerical  va lues f o r  t h e  cons tants  2, m, C a u k ,  and C '  a re  
g iven below: U U. 

OUEEN AIR 



pa & y  m are a l t i t u d e  dependent as f o l l o w s :  

a = n , - p a  x  h, where h  i's i n  f e e t  

.m = m - p m x h, where h  i s  . i n  f e e t  

These B i  A i r  d a t a  a r e  f i l t e r e d  and t h e  f i l t e r e d  r e s u l t s  a r e  t h e n  
removed. on a  p o i n t  by p o i n t  bas is  from t h e  cor rec ted uranium window 
data. \ .  

The window data  are then evaluated f o r  s t a t i s t i c a l  adequacy p r i o r  t o  
a l t i t u d e  c o r r e c t i o n  t o  ensure they  are s i g n i f i c a n t  w i t h i n  t h e  con tex t  
o f  t h e  a n t i c i p a t e d  e r r o r s  i n  count s t a t i s t i c s .  

s t a t i s t i c a l  Adequacy Test 

The s t a t i s t i c a l  adequacy t e s t  i s  made t o  determine whether t h e  
cor rec ted da ta  sample i s  s u f f i c i e n t l y  g rea te r  than t h e  "noise"  t o  
r e p r e t e n t  t h e  "s ignal ' !  o f  i n t e r e s t ,  

We can d e f i n e  t h r e e  separate c r i t e r i a  f o r  d e t e c t i o n  th resho lds  
( r e f .  Cur r ie ,  A n a l y t i c a l  Chemistry, Volume 40, No. , 3 ,  March 1968) 
o f  which o n l y  one i s  d i r e c t l y  app. l icable t o  our  case; t h i s  i s  t h e  
" c r i t i c a l  l e v e l " .  Th is  i s  t h e  l e v e l  a t  which t h e  'decis ion i s  made 

- t h a t  a  s i g n a l  i s  " d e t e c t e d " .  We thus d e f i n e  t h i s  c r i t i c a l  l e v e l  as 
t h a t  l e v e l  a t  which t h e  d a t a  are s t a t i s t i c a l l y  adequate. 

S e t t i n g  t h e  ac tua l  l e v e l s  i n  counts per  second, "a p r i o r i  " f o r  each 
elemental window i s  d i f f i c u l t  a t  bes t  s ince t h e  f u l l  e f f e c t  o f  a l l  
parameters a f f e c t i n g  t h e  counts i s  no t  known' t o  a s u f f i c i e n t  degree 
o f  c e r t a i n t y .  I f  t h e  c o r r e c t i o n s  t o  t h e  d a t a  a r e  a  s i g n i f i c a n t  
p o r t i o n  o f  t h e  count r a t e ,  most o f  t h e  e r r o r  (exc lus i ve  o f  sys temat ic  

' e r r o r s  due t o  e l e c t r o n i c s ,  e t c . )  i n  t h e  cor rec ted data  can be a s c r i b -  
ed t o  random e r r o r s  w i t h i n  t h e  app l i ed  co r rec t i ons .  The c o r r e c t i o n s  
are b a s i c a l  l y  t h e  r e s u l t s  o f  count ing  r a d i o a c t i v e  decay products (gamma 
r a y s )  and are t h e r e f n r e  asst~rned to follow t h e  .c lass ical  Poisson d j s t r i -  
bu t i on .  The f o l l o w i n g  assumptions concerning these c o r r e c t i o n s  are: 

1. I n  t h e  b e s t  case, t h e  er . ro r  i n  each c o r r e c t i o n  i s  a d d i t i v e .  

2. The sum o f  these c o r r e c t l o n s  a lso  f o l l o w s  a Poisson d i s t r i b u -  
t i o n .  / 

1 

3 .  The u n c e r t a i n t y  i n  t h e  c o r r e c t i o n  i t s e i f  i s  equal t o  t h e  
square r o o t  o f  t h e  c o r r e c t i o n  appl ied.  

With these assumptions i n  mind, t h e  c r i t e r i o n  f o r .  determining the. 
s t a t i s t i c a l  adequacy o f  a  g iven da ta  sample i s  de f ined as f o l l o w s :  

"If a  cor rec ted s i n g l e  record  data  sample exceeds 1.5 t imes t h e  
square  r o o t  o f  t h e  summed c o r r e c t i o n  a p p l i e d  t o  t h a t  d a t a  
sample, t h e n  t h a t  d a t a  sample i s  s t a t i s t i ' c a l  l y  adequate."  

Since any ' c a l c u l a t i o n  us ing  s t a t i s t i c a l l y  inadequate da ta  (such as 
r a t i o s )  i s  a l s o  i nadequa te ,  t h e  adequacy o f  each e lemen t  o f  t h e  
s i n g l e  sample record  data  i s  t e s t e d  p r i o r  t o  t h e  c a l c u l a t i o n .  Th is  
i s  done d u r i n g  t h e  course o f  t h e  processing by r e t a i n i n g  a l l  cor rec-  
t i o n s  appl ied. t o  each da ta  sample and determining i t s  adequacy as 

. exp l  ained above. 

Not o n l y  are t h e  r e s u l t s  .of t h i s  s t a t i s t i c a l  adequacy t e s t  Lsed t o  
i n s u r e '  t h a t  ca l cu la ted  r a t i o s  w i l l  be meaningful  b u t  t hey  are  a l so  
u t i l i z e d  t o  determine 'the optimum i n t e r v a l  over which t h e  da ta  should 
be averaged (e.g. 5 seconds o r  7 seconds, e tc . )  t o  improve t h e  o v e r a l l  
d a t a  s t a t i s t i c a l  adequacy . I n  t h e  case o f  t h i s  p r o j e c t ,  t h e  r e s u l t i n g  
averaging sample i n t e r v a l  was 7 seconds. 

Conversion t o  Equ iva lent  ppm and Percent 

A t  t h i s  p o i n t  t h e  da ta  are  s i n g l e  record'  cor rec ted samples i n  u n i t s  o f  
counts ,  per  second. These da ta  are then converted t o  equ iva len t  ppm 
( p a r t s  pey m i  11 i o n )  uranium, thor ium and percent  potassium. The 
convers ion f a c t o r s  are t h e  s e n s i t i v i t i e s  der ived f rom t h e  Lake Mead 
Dynamic Test  Range d a t a  a t  400 f e e t  mean t e r r a i n  clearance. 

E q u i v a l e n t  Queen A i r  
Radioelement Percentlppm CountsISecond 

l % K  

1 ppmeu 

1 ppmeT 

4. Th is  u n c e r t a i n t y  i s  d i r e c t l y  r e f l e c t e d  i n  t h e  cor rec ted s i n g l e  
record  count r a t e .  



DATA PRESENTAT ION 

Gener a1 
MAGNETIC DATA REDUCTION 

The magnetic da ta  reduct  i o n  processes are: c o r r e c t  i o n  fo r  d i u r n a l  
v a r i a t i o n ,  t i e i n g  t o  a  common magnetic datum, and sub t rac t i on  o f  t h e  
reg iona l  magnetic f i e l d  as de f ined b y  t h e  I n t e r n a t i o n a l  Geomagnetic 
Reference F i e l d  (IGRF). Dur ing da ta  acqu is i t i on ,  t h e  magnetic f i e l d  i s  
monitored b y  a  ground-based d i u r n a l  magnetometer t h a t  samples every 
f o u r  seconds a t  a  s e n s i t i v i t y  o f  one-quarter gamma. These da ta  are 
recorded on magnetic tape along w i t h  t h e  t ime f o r  synchronizat ion w i t h  
t h e  a i rborne data. 

The d i u r n a l  da ta  are e d i t e d  t o  keep o n l y  samples taken du r ing  f l i g h t  
t ime and remove spikes and man-made magnetic events. A f t e r  e d i t i n g ,  
these da ta  are d isp layed i n  p r o f i l e  form t o  ensure t h a t  a l ' l  cor rec-  
t i o n s  necessary have been made. Next, t he  da ta  are synchronized i n  
t ime w i t h  t h e  a i rborne data, in t .erpolated,  and subt rac ted  f rom t h e  
a i rborne magnetic data.. 

~ h t !  d i u r - ~ l d l  l y  ~ot'rected magnetic da ta  arc then processed by a t icing 
program t h a t  compares t h e  magnetic d i f f e r e n c e s  a t  i n t e r s e c t i o n s  o f  
f l i g h t  l i n e s  and t i e  l i n e s .  Th is  program ca l cu la tes  i n d i v i d u a l  mag- 
n e t i c  f i e l d  b i a s e s ' f o r  each f l i g h t  t i e  l i n e  based on t i e  l i n e  i n te rsec -  
t i o n s .  This  a l lows m iss - t i es  t o  be minimized throughout t he  survey. 
These biases u s u a l l y  represent ,  a f t e r  d i u r n a l  co r rec t i on ,  systemat ic  
magnetic changes caused by  such t h i n g s  as heading e r r o r ,  changes i n  
l o c a t i o n  o f  t h e  ground-based magnetometer, o r  changes i n  t h e  a i rbo rne  
equipment. The biases are  manual ly evaluated and s e l e c t i v e l y  appl ied.  

The m a j o r i t y  o f  t h e  d a t a  p r o d u c t s  a r e  p r e s e n t e d  i n  t h i s  r e p o r t .  
These i nc lude  t h e  uranium a n o m a l y l i n t e r p r e t a t i o n  maps and pseudo- 
contour  maps o f  potassium, uranium, thorium, and magnetic da ta  which 
a re  i n t e g r a t e d  as p a r t  o f  t h e  t e x t  i n  t h e  i n t e r p r e t a t i o n  sec t i on .  I n  
a d d i t i o n  t o  these data, t h i s  r e p o r t  con ta ins  da ta  presented i n  t h e  form 
o f  r a d i o m e t r i c  p r o f i l e s ,  f l i g h t  pa th  recovery  maps, standard d e v i a t i o n  
maps, and histograms. M i c r o f i c h e  d a t a  are conta ined i n  t h e  back cover  
o f  each r e p o r t .  Data tapes a re  a v a i l a b l e  separa te ly .  

% 

Radiometr ic  P r o f i l e s  

Stacked p r o f i l e s  were prepared f rom t h e  averaged data  f o r  each t r a v e r s e  
and t i e  l i n e .  These stacked p r o f i l e s ,  p l o t t e d  a t  a  l i n e a r  sca le  o f  
1: 250,000, c o n t a i n  t h e  f o l  low ing parameters: co r rec ted  T o t a l  Count, 
percent  potassium, equ iva len t  ppm uranium, equ iva len t  ppm thorium, 
eUIeT, eU/%K, and eT/%K r a t i o s ,  equ iva len t  ppm B i  A i r ,  r ada r  a l t i m e t e r ,  
and magnetometer d a t a .  Each of *.he q t . a c k ~ d  p r o f i l e  sheets con ta ins  a 
p l o t  o f  t h e  f l i g h t  pa th  superimposed on a  geo log ic  s t r i p  map. Inc luded 
along these p r o f i l e s  a re  t h e  f i d u c i a l  numbers which correspond . t o  
f l i g h t  pa th  p o s i t i o n  as d isp layed on t h e  f l i g h t  pa th  recovery  maps. 
Each o f  t h e  stacked p r o f i l e s  represents  t h e  da ta  conta ined on t h e  
s p e c i f i c  f l i g h t  l i n e  w i t h i n  t h e  b o u n d a r i e s  o f  t h e ' s p e c i f i e d  NTMS 
Quadrangle sheet. 

Radiometr ic  t r a c e s  on t h e  stacked p r o f i l e s  c o n t a i n  an i n d i c a t o r  show- 
i n g  those da ta  which are  s t a t i s t i c a l l y  inadequate. These s t a t i s t i c a l -  
l y  inadequate da ta  are  marked b y  a  smal l  v e r t i c a l  t i c k  a t  t h e  sample 
l o c a t i o n .  The a l t i t u d e  p r o f i l e  has been l i m i t e d  i n  d i s p l a y  t o  1,000 
f e e t .  A dashed l i n e  a t  t h e  700 f o o t  l e v e l  i s  presented t o  show those 
da ta  which do n o t  meet t h e  a l t i t u d e  s p e c i f i c a t i o n s .  The v e r t i c a l  
sca le  o f  each v a r i a b l e  remains cons tant  on a l l  stacked p r o f i l e s .  When 
overranging occurs, t h e  t r a c e  3s stepped and t h e  s tep  l abe led  showing 
t h e  a c t u a l  v a l u e .  A p i c t o r i a l  r e p r e s e n t a t i o n  o f  such a  s t e p p i n g  
p r o f i l e  i s  shown i n  F i g u r e  V I I I .  A t  t h e  end o f  each stacked p r o f i l e ,  a  
s t a t i s t i c a l  summary o f  t h e  minimum value, maximum value, mean, and 
standard d e v i a t i o n  f o r  t h a t  v a r i a b l e  i s  presented. 

Th.is r 'eport  conta ins  an equivale 'nt  s e t  o f  stacked p r o f i l e s  f o r  each 
quadrang le ,  p h o t o g r a p h i c a l  l y  reduced  t o  an a p p r o x i m a t e  s c a l e  o f  
1:500,000. 

MAGNETIC PROFILES -- 

A s e t  of p r o f i l e s  con ta in ing  - t h e  magnetic da ta  (cor rec ted ,  w i t h  IGRF 
removed), baromet r ic  a l t i m e t e r  data, rada r  a l t i m e t e r  data, d i u r n a l  
mon i to r  data, and temperature da ta  are  a v a i l a b l e  a t .  a  l i n e a r  sca le  o f  
1:250,000. Each of t h e  stacked p r o f i l e s  conta ins  a  p l o t  o f  t h e  
f l i ' gh t  pa th  superimposed on t h e  geology over  which t h e  a i r c r a f t  f lew.  
Reduced sca le  (1:500,000) cop ies  o r  these are presented i n  o f  t h i s  
r e p o r t .  



gammas FLIGHT PATH MAPS 
. .. . - 

F o r  each of t h e  NTMS q u a d r a n g l e  s h e e t s  cove red  b y  t h i s  survey ,  a  
f l i g h t  path p o s i t i ~ n ~ m a p  i s  a v a i l a b l e  a t  a  s c a l e . o f  1:250,000. The 
ac tua l  f 1  i g h t  p'ath has been superimposed ' on t h e  geo log ic  'quadrangle 
maps.. F l i g h t  l i n e s  and t i e  l i n e s  . - are annotated along w i t h  f i d u c i a l  
numbers. o f  l o c a t e d  p o s i t  i o n s .  Reduced s c a l e  (1: 500,000) c o p i e s  

. o f  these can be found i n  t h i s  repokt .  

Gamma r a y  standard d e v i a t i o n  maps have been prepared f o r  each NTMS 
quadrangle inc luded i n  t h i s  survey. - The s i x  maps, generated represent  
t h e  f o l l o w i n g  parameters: percent  potassium, equ iva lent  ppm uranium, 
equ iva len t  ppm thorium, and eUIeT, eU/%K, and eT/%K r a t i o s .  The d a t a  
conta ined i n  each map represent  o n l y  those - d a t a  which are considered 
s t a t i s t i c a l  l y  adequate. Th is  automat ical  l y  excludes a1 1  data  c o l l e c t e d  
over  water o r  ' da ta  which f a l l s  ou ts ide  o f  a l t i t u d e  s p e c i f i c a t i o n s  
( i . e .  a l t i t u d e  g rea te r  than 700 and less  than 200 fee t . ) .  The symbolism 
o f  each s f  t h e  s ' i x  maps i s - i d e n t i c a l .  The c e n t e r  n f  each c i r c l e  
represents t h e  c e n t r a l  averaged sample s ince t h e  da ta  had been averaged 
over a  7  second i n t e r v a l . .  The smal l  -boxes. adjacent  t o  each o f  , t h e  
c i r c l e s  r e p r e s e n t s  one s t a n d a r d  d e v i a t i o n ' f r o r n  t h e  mean' f o r .  t h a t  
s p e c i f i c  da ta  sample. I n  order  t o  determine whether t h e  da ta  shown 
are  represented by  p o s i t i v e  o r  negat ive  st.andard dev i  a t  ions, consider  
each map w i t h  n o r t h  p o i n t i n g  away from t h e  viewer. For eas t lwest  
1  ines ( t r a v e r s e  1  i nes )  p o s i t i v e  standard dev ia t i ons  1  i e  above o r  t o  . t h e  
n o r t h  o f  t h e  t r a v e r s e  l i n e  w i t h  negat ive  standard d e v i a t i o n  below o r  t o  
t h e  south. On t h e  n o r t h l s o u t h  l i n e s  ( t i e  l i n e s )  p o s i t i v e  standard 
dev ia t i ons  are t o  t h e  l e f t  o f  the'  v iewer (west) w i t h  negat' ive standard , . . ' 

dev ia t i ons  t o  t h e  r i g h t  . (eas t ) .  

~ h e s e  maps were generated a t  a  sca le  o f  1:250,000 f o r  'each NTMS sheet. , 
.and i n  .add i t ion ,  are presented i n  each r e p o r t  a t  a  reduced sca le  o f  
approximately 1:500,000. 

HISTOGRAMS 

Computer generated histograms, showing t h e  equ iva len t  ppm and percent  
d i s t r i b u t i o n s  f o r  t h e  th ree  gamma r a y  e m i t t e r s  and t h e i r  r a t i o s  mea- 
sured and ca lcu la ted  as a  f u n c t i o n  o f  computer map. u n i t  are presented 
i n  th , is  r e p o r t  (See. F igu re  I X ) .  I n fo rma t ion  conta ined on these h i s -  
tograms inc ludes t h e  standard d e v i a t i o n  as c a l c u l a t e d  about t h e  a r i t h -  

. me t i c  mean ( o r  median), and t h e  t o t a l  number o f  samples f rom which t h e  
s t a t i s t i c s  were der ived.  

FIGURE'VIII P l o t t e r  Step Value Labe l i ng  
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FIGURE I X  ,Sample Computer Map U n i t  Histogram 
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DATA.' LIST I NGS 

S i n g l e  r e c o r d  reduced and averaged r e c o r d  ( s J a t i s t i c a . 1  a n a l y s i s )  
da ta  l i s t i n g s  have, been prepared on m ic ro f i che .  The m i c r o f i c h e  are 
contained i n  each r e p o r t .  Each o f  t h e  s i n g l e  record  and averaged 
reco rd  data  l i s t i n g s  are presented f o r  t h e  da ta  conta ined i n  a s i n g l e  
quadrangle. The 'da ta  conta ined i n  t h e  s i n g l e  record  data  l i s t i n g s  are 
summarized below: 

1. F i d u c i a l  number 

2. Sys temIQual i ty  (SAKUT) - The f i r s t  d i g i t  i d e n t i f i e s  t h e  system 
used t o  c o l l e c t  t h e  sample. The r e m a i n i n g  d i g i t s  d e f i n e  t h e  
r e s u l t s  o f  s t a t i s t i c a l  adequacy t e s t i n g  f o r  a l t i t u d e ,  potassium, 
uranium, and t h o r i u m .  A val.ue o f  0 i n d i c a t e d  t h a t  t h e  d a t a  
a r e  s t a t i s t i c a l l y  adequate.  A v a l u e  o f  1 i n d i c a t e s  t h a t  t h e  
da ta  are s t a t  i s t i c a l  l y  inadequate. A1 1 data  c o l l e c t e d  i n  excess 
o f  700 f e e t  and l e s s  than 200 f e e t  are considered s t a t i s t i c a l l y  
inadequate. 

3. Time - t ime presented i n  hours, minutes, and Seconds 

4. A l t i t u d e  - a l t i t u d e  presented i n  f e e t  above te r ra in  

5. LATILONG - L a t i t u d e  and Longitude presented i n  terms o f  decimal 
degrees 

6. Magnetic f i e l d  expressed' i n  r e s i d u a l  gammas 

7. Geology - code represent ing  geologic u n i t s  

8. %K, eU, eT - percent  potassium, equ iva len t  ppm o f  uranium and 
thor ium 

9.  eU/eTH, ~ u / % K ,  eTHIXK - ca lcu la ted  r a t i o s  o f  t h e  th/ree parameters 

10. To.ta1 count - cor rec ted t o t a l  count da ta .  (0.4 t o  3.0 MeV) 

11. COS - downward looki,ng cosmic count r a t e  i n  t h e  3-6 MeV channel 

12. Ua i r  - atmospheric Bi-214 equ iva len t  ppm 

13. Temperature  - o u t s i d e  a i r  t e m p e r a t u r e  . i n  degrees c e n t i g r a d e  

14. Press - barometric pressure i n  IIII-I\ o f  nlercury 



The .averaged record  ( s t a t  i s t i c a l  ana lys i s )  da ta  1 i s t i n g s  are summar- 
i zed  below: 

1. F i d u c i a l  number 

2. System/.Qual i ty (SAKUT) - The f i r s t  d i g i t  i d e n t i f i e s  the  system 
used t o  c o l l e c t  t h e  sample. The r e m a i n i n g  d i g i t s  d e f i n e  t h e  
r e s u l t s  o f  s t a t i s t i c a l  adequacy t e s t i n g  f o r  a l t i t u d e ,  potassium, 
uranium, and t h o r i u m .  A v a l u e  o f  0 i n d i c a t e d  t h a t  t h e  d a t a  
a r e  s t a t i s t i c a l l y  adequate.  A v a l u e  o f  '1 i n d i c a t e s  t h a t  t h e  
da ta  are s t a t  i s t i c a l  l y  inadequate. A1 1 da ta  c o l l e c t e d  i n  excess 
o f  700 f e e t  and l e s s  than 200 f e e t  are considered s t a t i s t i c a l l y  
inadequate. , 

3. LATILONG - L a t i t u d e  and l ong i tude  presented i n  terms o f  decimal 
degrees 

4. Magnetic f i e l d  expressed i n  r e s i d u a l  gammas 

5. Genlngy, - code represent ing  geo log ic  format  ions 

6. %K, eU, eT - percent  potassium, equ iva len t  ppm o f  uranium and 
t h o r i u m  d a t a  and t h e  number o f  (+ )  - s t a n d a r d  d e v i a t i o n s  f r o m  
t h e  mean 

7. eU/eTH, eU/%K, eTh/%K - ca l cu la ted  r a t i o s  o f  t he  t h r e e  parameters, 
and t h e  number o f  (2) standard dev ia t i ons  from the  mean 

8. To ta l  count - cor rec ted  t o t a l  count da ta  (0.4 t o  3.0 MeV) 

9. COS - downward l ook ing  cosmic count r a t e  i 'n t he  3-6 MeV channel 

10. Ua i r  - atmospheric Bi-214 i n  equ iva len t  ppm 

~ a t a  tape f i l e s  have been generated f o r  each o f  t h e  1:250,000 NTMS 
quadrang le  shee ts .  The t a p e s  a r e  I B M  c o m p a t i b l e  and r e c o r d e d  on 
9 t r a c k  EBCDIC a t  800 b p i .  F i ve  separate types o f  da ta  tapes are  
presented: raw spec t ra l  da ta  tapes, s i n g l e  record  reduced data tapes,. 
s t a t i s t i c a l  ana lys is  tapes, magnetic da ta  tapes and a s t a t i s t i c a l  
ana lys i s  summary tape. De ta i l ed  desc r ip t i ons  o f  t he  da ta  tape formats 
f o l l o w  t h i s  d iscussion.  

DATA INTERPRETATION METHODS 

General 

The s t a t e d  o b j e c t i v e  of t h e  NURE Program i s  t h e  eva lua t i on  o f  t h e  
uranium p o t e n t i a l  ' of t h e  Un i ted  Sta tes .  I n  support  o f  t h i s  .goal,  
h igh  s e n s i t i v i t y  a i rbo rne  r a d i o m e t r i c  and magnetic surveys have been 
implemented t o  o b t a i n  reconnaissance i n f o r m a t i o n  p e r t a i n i n g  t o  r e g i o n a l  
d i s t r i b u t i o n  o f  u r a n i f e r o u s  ma te r ia l s . .  W i th in  t h i s  context,, da ta  
i n t e r p r e t a t i o n  has been o r i e n t e d  toward r e g i o n a l  d e t e c t i o n  and desc r ip -  
t i o n  o f  anomalously h i g h  concent ra t ions  o f  uranium. 

By f a r  t h e  most s i g n i f i c a n t  n a t u r a l  sources o f  gamma r a d i a t i o n  i n  
t h e  geo log ic  environment a re  t h e  r a d i o a c t i v e  decay s e r i e s  o f  potassium 
40 (K40), t ho r i um 232 (Th232) and uranium 238 '(U238) o f  which 0.7% 
i s  uranium 235. 'Potassium 40 i s  t h e  l a r g e s t  . c o n t r i b u t o r  t o  n a t u r a l  
r a d i o a c t i v i t y ,  account ing f o r  n e a r l y  98%, as i t  i s  t h e  most abundant 
gamma r a y  em.itter-.012% o f  a l l  potassium i n  na ture .  (Refer  t o  GSA 
Memoir 97 f o r  abundances o f  uranium, thorium, and potassium). 

P o t a s s i u m  40 i s  d i r e c t l y  i d e n t i f i e d  b y  t h e  a i r b o r n e  s p e c t r o m e t e r  
f rom a s i n g l e  c l e a r  peak a t  1.46 mev ( m i l l i o n  e l e c t r o n  v o l t s )  i n  i t s  
gamma r a y  spectrum. However, thor ium 232 and uranium 238 do n o t  have 
any c l e a r ,  d i s t i n c t  peaks  a t  s u f f i c i e n t l y  h i g h  e n e r g i e s  t o  a l l o w  
d i r e c t  d e t e c t i o n  f rom a i rbo rne  systems. Instead,  daughter products 
which do have d i s t i n c t  peaks are  measured as rep resen t i ng  t h e  abundance 
o f  t h e  parent  element. For  t ho r ium 232, t h e  daughter n u c l i d e  t h a l l i u m  
208 (T1208) has a d i s t i n c t  peak ' a t  2.62 meV w h i l e  uranium 238 has a 
daughter, bismuth 214 (Bi214)  possessing . a c l e a r  peak a t  1.76 meV 
(see F igu re  7 f o r  a composite decay s e r i e s  spectrum). Consequently 
t h e  fundamental assumption i m p l i c i t  t o  a i rbo rne  uranium and tho r ium 
measurements i s  t h a t  t h e  measured daughter products a re  i n  r a d i o a c t i v e  
e q u i l i b r i u m  - t h e  number o f  atoms o f  d i s i n t e g r a t i n g  daughter n u c l i d e s  
a re  equal t o  t h e  number be ing  formed (see Adams and Gaspar in i ,  1970). 

An a i rbo rne  gamma r a y  measurement i s  t h e  sum o f  photons counted d u r i n g  
a s p e c i f i e d  t ime  i n t e r v a l  f rom a m u l t i t u d e  o f  gamma r a y  sources which 
i n c l u d e  t h e  t h r e e  ' geo log i c  e m i t t e r s  t h a t  a re  be ing  sought p l u s  o t h e r  
i n t e r f e r i n g  sources. These' o the rs  inc lude,  b u t  are n o t  l i m i t e d  t o  
h ighe r  energy cosmi-c rays, - a i r - w a f t  and instruments, c o n t r i b u t i o n s  
f rom over lapp ing  decay s e r i e s  and a i rbo rne  radon 222. (See Burson, 
1974 and McSharry, 1973 f o r  a more complete d iscuss ion  o f  a i rbo rne  
r a d i o m e t r i c  measurements, and R a d i o m e t r i c  D a t a  R e d u c t i o n  i n  t h i s  
volume f o r  a complete descri .pt . ion o f  da ta  Cor rec t i on  procedures).  

. . 

-:'..When -L.-cor'<e:l ai;iny .grbour1d d a t a  (geuclierr~~ical, y e o l o y i c a l  , e t c .  ) w i  t h  
t h e  c o r r e c t  ea '  da ta  de r i ved  f rom raw a i rbo rne  measurements, t h e  i n t e r -  
p r e t e r  must. remember what an i n d i v i d u a l  a i rbo rne  gamma r a y  sample 
phys i ca l  l y  measures. F i r s t ,  t h e  t e r r e s t r i  a1 component of t h e  gamma 
r a d i a t i o n  measured b y  t h e  a i rbo rne  de tec to r  emanated p r i m a r i l y  f rom 
t h e  upper 18 inches o f  m a t e r i a l  on t h e  e a r t h ' s  sur face (Gregory and 



a or wood, 1963). The a i rborne measurement cannot "see" any deeper . . 

i n t o  t h e  under ly ing  rock  m a t e r i a l  and. i s  e s s e n t i a l l y  a measurement 
o f  t h e  s o i  1 I s  o r  exposed (weathered) rock  ! s. r a d i o a c t i v i t y .  Secondly, 
s ince each a i rborne sample i s  an accumulation o f  gamma rays  measured 
on a moving p l a t f o r m  o v e r  a f i x e d  p e r i o d  of t ime ,  t h e  i n d i v i d u a l  
sample represents a l a r g e  areal -  ex ten t  o f  s u r f i c i a l  ma te r i a l .  For 
t h i s  survey, w i t h  s p e c i f i c a t i o n s  o f  400 f e e t  mean t e r r a i n  clearance 
and an average ground speed o f  140 mile's per  hour, a one second sample 
corresponds t o  an ova l  approximately 750 f e e t  long by 600 f e e t  wide 
(assuming an i n f i n i t e ,  u n i f o r m l y  d i s t r i b u t e d  source).  Accordingly,  
averaged samples represent  tremendous volumes o f  s u r f  i c i  a1 mater i  a1 s. 

Methodology 

As described prev ious ly ,  t h e  gamma r a y  da ta  were located, by computer 
map units;  histograms were produced and s t a t i s t i c a l  analyses per -  
formed. The bas ic  u n i t  f o r  i n t e r p r e t a t i o n  then i s  t h e  averaged sample 
and i t s  a t t e n d a n t  d e v i a t i o n s  about  a p a r t i c u l a r  map u n i t ' s  mean. 

The u r a n i  um a n o m a l y l i  n t e r p r e t a t  i o n  map d i  s p l  ays each i n d i v i d u a l  
averaged sample t h a t  meets t h e  f o l l o w i n g  c r i t e r i a :  

1. The averaged u r a n i u m  sample must  be  g r e a t e r  t h a n  o r  e q u a l  t o  
1 standard d e v i a t i o n  above i t s  map u n i t  mean. 

2. The sample must  have a U/T r a t i o  g r e a t e r  t h a n  o r  e q u a l  t o  1 
standard d e v i a t i o n  above i t s  u n i t  mean. . 

3. Each UIT r a t i o  de f ined i n  ( 2 )  must have a corresponding thor ium 
value l y i n g  a t  l e a s t  g rea te r  than minus one (-1) standard devia-  
t i o n  be low t h e  mean. I f  t h e  t h o r i u m  sample i s  l e s s  t h a n  one 
standard d e v i a t i o n  below t h e  mean, t h e  U/T r a t i o  i s  considered 
quest ionable. 

A l l  t h e  poss ib le  anomalies d isp layed on t h e  map are then examined 
f o r  c lus te rs ,  t rends, .and comparisons w i t h  a1 1 o the r  a v a i l a b l e  ,data.  

Minimum requirements i n  t h e  subsequent i n t e r p r e t a t i o n  d iscussions o f  
each quadrangle f o r  anomalies l i s t e d  i n  t h e  uranium anomaly summary 
are de f ined as fo l l ows :  

Two ( 2 )  consecut ive averaged U samples l y i n g  two o r  more stan-  
dard dev ia t i ons  above t h e  mean o r  t h r e e  ( 3 )  consecut ive averaged 
U samples, two o f  which are one ( 1 )  o r  more standard dev ia t i ons  
and t h e  t h i r d  o f  which i s  two ( 2 )  o r  more standard dev ia t i ons  
above t h e  mean. 

vege ta t i on )  w i t h i n  a l i t h o l o g i c  u n i t ,  ( 3 )  l o c a l  weather condi - t ions 
such as r a i n  and snow, ( 4 )  extreme f a c i e s  v a r i a t i o n  w i t h i n  a mapped 
u n i t ,  and' ( 5 )  d i f f e r e n t i a l  weather ing o f  rocks  w i t h i n  mapped u n i t s .  
Obviously  an averaged sample which l i e s  on t h e  boundary between two 
map u n i t s  i s  n o t  t r u l y  r e f l e c t i n g  e i t h e r  one, b u t  i s  r a t h e r  an average 
o f  both. Thus, f o r  two markedly d i f f e r e n t  units; such a sample would 
be anomalous r e l a t i v e  t o  one o f  t h e  u n i t s  and n o t  be a t r u e  i n d i c a t i o n  
o f  r a d i o a c t i v e  d i f f e r e n c e s  w i t h i n  t h e  u n i t .  

The percent  potassium, e q u i v a l e n t  pprn tho r ium and uranium, t h e  t h r e e  
r a t i o s  and r e s i d u a l  magnetic da ta  were p l o t t e d  as separate pseudo- 
contour  maps and o v e r l a i n  on t h e  geo log i c  base map and standard dev ia -  
t i o n  rnaps. Regional t rends  of each v a r i a b l e  and average va lves  cou ld  
thus  be e a s i l y  and q u i c k l y  determined and compared w i t h  t h e  associated 
geo log ica l ,  magnetic, and s . ta t i s t i ' ca1  t rends.  Only t h e  long wave- 
lengths  w i t h i n  each v a r i a b l e  would show any l i n e - t o - l i n e  c o n t i n u i t y  
on t h e  pseudo-contour maps and thus, o n l y  r e g i o n a l  t rends  w i l l  appear, 

Each quadrangle 's  stacked p r o f i l e s  were a l so  o v e r l a i n  on t h e  cor res-  - ponding geo log ic  and standard d e v i a t i o n  maps and anomaly map t o  f u r t h e r  
d e l i n e a t e  t rends  and t o  a l l ow  a more d e t a i l e d  ana lys i s  o f  i n d i v i d u a l  
anornal i es .  Since t h e  i n t e r p r e t a t i o n  was concentrated on d e t e c t i o n  
o f  anomalous uran ium,  s u b t l e  t r e n d s  p r e s e n t  i n  t h e  p o t a s s i u m  and 
tho r ium channels and r a t i o s  were o n l y  examined i n  a cu rso ry  manner. 
Even d u r i n g  such a b r i e f  examinat ion o f  t h e  p r o f i l e s , .  i t  was ev iden t  
t h a t  t h e  spectrometer system was h i g h l y  s e n s i t i v e  t o  changes i n  su r face  
m a t e r i a l s  even i n  areas o f  low count ing  r a t e s  such as g l a c i a l  d r i f t .  
Thus rad iomet r i cs  have a r e a l  p o t e n t i a l  f o r  per fo rming general sur -  
f i c i a l  mapping "geochemical ana lys i s "  on a geo log ic  u n i t  ( o r  s o i l s )  
b a s i s  i n  a d d i t i o n  t o  merely  r a d i o a c t i v e  m ine ra l  "anomaly hunt.ingU. 

S t a t i s t i c a l  anomalies which meet t h e  above c r i t e r i a  can r e s u l t  f rom 
several  f a c t o r s  o r  circumstances i nc lud ing :  (1) t r u e  concent ra t ion  
of u ran i fe rous  minerals,  ( 2 )  d i f f e r e n t i a l  sur face  cover ( s o i l s  and/or 

\ '  



I T E M  FORMAT DESCRIPTION TAPE FORMATS 
I 

1 3  I 3  NUMBER OF CHANNELS (0-3 MEV)  IN 4 ~ 1  SYSTEM FOR .. 

F I R S T  A E R I A L  SYSTEM 
14 I 3  NUMBER OF CHANNELS (0-3 MEV) I N  2 P I  SYSTEM FOR 

F I R S T  A E R I A L  SYSTEM 
1 5 - 2 4  (SAME) REPEAT OF ITEMS 5 - 1 4  FOR SECOND A E R I A L  SYSTEM * * * 

SINGLE RECORD REDUCED DATA TAPE 

REFERENCE: P a r a g r a p h s  4 .7 .6  a n d  6 .1 .6 ,  BFEC 1200 -C  

T h e  S i n g l e .  R e c o r d  T a p e  i s  a n  u n l a b e l e d ,  n ine  t r a c k ,  800 BPI ,  N R Z I .  
A l l  d a t a  a r e  r e c o r d e d  a s  EBCDIC c h a r a c t e r s .  E a c h  t a p e  c o n t a i n s  b u t  
one f i l e  o f  f o r m a t ,  h e a d e r ,  d a t a ,  a n d  t r a i l e r  r e c o r d s  f o r  no m o r e  
t h a n  o n e  q u a d r a n g l e .  T h e  t a p e  i s  d i v i d e d  i n t o  6 9 0 0 - c h a r a c t e r  b l o c k s  
c o n t a i n i n g  t h e  f o l l o w i n g  i n f o r m a t i o n .  

* 
* 

(SAME) 

* 
* 

REPEAT OF ITEMS 5 - 1 4  FOR N I N T H  A E R I A L , S Y S T E M  
NUMBER OF F L I G H T  L I N E S  ON T H I S  TAPE 
F I R S T  F L I G H T  L I N E  NUMBER ON T H I S  TAPE 
F I R S T  RECORD NUMBER OF F I R S T  F L I G H T  L I N E  
J U L I A N  DATE (DAY OF YEAR) F I R S T  F L I G H T - L I N E  DATA 
WAS COLLECTED 
REPEAT OF ITEMS 96-98 FOR SECOND F L I G H T  L I N E  ON 
T H I S .  TAPE . * 

* .  
* 

REPEAT OF ITEMS 96-98 FOR 99th F L I G H T  L I N E  ON 
T H I S  TAPE 

B l o c k  1 - F o r m a t  D a t a  

T h i s  b l o c k  c o n t a i n s  6 7 6 8  c h a r a c t e r s  i n  9 4  c o n s e c u t i v e  l i n e s  . o f  7 2  
c h a r a c t e r s  c o n t a i n i n g  t h e  f o l l o w i n g  l i t e r a l  d e s c r i p t i o n .  

02 0978 (DATA TAPE TYPE AND FORMAT SPECIF ICAT ION DATE CODES) 

SINGLE RECORD REDUCED DATA TAPE 

FORMAT FOR TAPE I D E N T I F I C A T I O N  BLOCK (SECOND BLOCK) 
FORMAT FOR SINGLE ,RECORD REDUCED DATA RECORD ( T H I R D  THRU LAST, BLOCK) 

I T E M  FORMAT DESCRIPTION 
I T E M  FORMAT DESCRIPTION 

AERIAL  SYSTEM I D E N T I F I C A T I O N  CODE 
F L I G H T  L I N E  NUMBER 
RECORD I D E N T I F I C A T I O N  NUMBER 
GMT T I M E  OF DAY (HHMMSS) 
LAT ITUDE TO FOUR DECIMAL PLACES I N  DEGREES . ' 

LONGITUDE TO FOUR DECIMAL PLACES I N  DEGREES 
TERRAIN CLEARANCE TO ONE DECIMAL PLACE I N  METERS 
RESIDUAL ( I G R F  REMOVED) MAGNETIC F I E L D  I N T E N S I T Y  
TO ONE DECIMAL PLACE I N  GAMMAS " 

SURFACE GEOLOGIC M A P . U N I T  CODE 
QUALITY FLAG CODES 
APPARENT CONCENTRATION OF TERRESTRIAL. POTASSIUM 
( K - 4 0 )  TO ONE DECIMAL PLACE I N  PPM EQUIVALENT U 
UNCERTAINTY I N  TERRESTRIAL URANIUM TO ONE DECIMAL ' 

PLACE I N  PPM EQUIVALENT U 
.APPARENT CONCENTRATION OF TERRESTRIAL THORIUM 
(TL-20.8)  TO ONE DECIMAL PLACE I N  PPM EQUIVALENT TH 

, 

UNCERTAINTY I N  TERRESTRIAL THORIUM TO ONE DECIMAL 
PLACE I N  PPM EQUIVALENT TH 
URANIUM-TO-THORIUM R A T I O  TO ONE DECIMAL PLACE I N  
PPM EQUIVALENT U PER PPM EQUIVALENT TH 
URANIUM-TO-POTASSIUM R A T I O  TO ONE'DECIMAL PLACE I N  
PPM EQUIVALENT U PER PERCENT K 
THORIUM-TO-POTASSIUM R A T I O  TO ONE DECIMAL PLACE I N  
PPM EQUIVALENT TH PER PERCENT K 

,- 

1. A 4 0  QUADRANGLE NAME AS PROJECT I D E N T I F I C A T I O N  

2 .  . A 2 0  NAME OF SUBCONTRACTOR 

3. 1 4 .  APPROXIMATE DATE OF SURVEY (MONTH, YEAR) 

4 .  I1 NUMBER OF AERIAL  SYSTEMS USED TO COLLECT DATA FOR 
T H I S  QUADRANGLE 

5 .  I1 A E R I A L  SYSTEM I D E N T I F I C A T I O N  CODE FOR F I R S T  
SYSTEM 

6 .  A 2 0  A I R C R A F T  - I D E N T I F I C A T I O N  BY TYPE AND FAA NUMBER 
FOR F I R S T  SYSTEM . . 

7 .  F 6 . 1  NOMI'NAL ALTITUDE SYSTEM S E N S I T I V I T Y  RELATIVE TO . 

TERRESTRIAL POTASSIUM ( K - 4 0 )  TO ONE DECIMAL PLACE 
I N  CPS PER PERCENT K 

8. F 6 . 1  NOMINAL ALTITUDE SYSTEM S E N S I T I V I T Y  .RELATIVE TO 
TERRESTRIAL URANIUM ( B I - 2 1 4 )  TO ONE DECIMAL PLACE 
I N  CPS PER PPM EQUIVALENT U 

9. E6.1 NOMINAL ALTITUDE SYSTEM S E N S I T I V I T Y  RELATIVE TO 
TERRESTRIAL THORIUM ( T L - 2 0 8 )  TO ONE DECIMAL PLACE 
I N  CPS PER PPM EQUIVALENT TH 



ITEM FORMAT DESCRIPTION . . 

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

2 1 F6.1 UNCERTAINTY I N  GROSS GAMMA COUNT RATE TO ONE 
. . :  .-DECIMAL PLACE I N  COUNTS PER SECOND 

2 2 F5.1 ...':. ;;-ATMOSPHERIC BI-214 '4PI CORRECTION TO ONE DECIMAL 
' .  PLACE I N  PPM.EQU.IVALENT U 

2 3 F4.1 UNCERTAINTY I N  ATMOSPHERIC B I  -214 4P I' CORRECTION 
TO'ONE DECIMAL PLACE I N .  PPM EQUIVALENT U 

24 F4.1 OUTSIDE A I R  TEMPERATURE TO ONE'DECIMAL PLACE I N  

I DEGREES CELSIUS 
2 5 F5.1 OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG 

Th is  d e s c r i p t i o n  serves t o  i d e n t i f y  t h e  format o f  da ta  on subsequent 
b locks  on ' t h e  tape. The remaining 132 characters on t h i s  b lock are  
blanks. 

Block 2 - S ina le  Record Reduced I d e n t i f i c a t i o n  Data 

The second b lock conta ins-  t h e  i d e n t i f i e r  in fo rmat ion  f o r  t h e  da ta  
contained i n  subsequent b locks.  . The i d e n t i f i c a t i o n  in fo rmat ion  i s  
w r i t t e n  according t o  t h e  format d e s c r i p t i o n  i n  t he  f i r s t  h a l f  o f  t h e  
f i r s t  b lock.  The remaining 4978 characters on t h i s  b l o c k . a r e  b lanks.  

.Block 3 - S ing le  Record Reduced Data 

These bl'ocks con ta in  da ta  w r i t t e n  according t o  t h e  format  d e s c r i p t i o n  
i n  t h e  second h a l f  o f  t h e  f i r s t  b l o c k .  There  w i l l  b e  50 l o g i c a l  
records per  phys ica l  b lock .  As o f  August 1979, t h e  method f o r  de te r -  
min ing u n c e r t a i n t i e s  s p e c i f i e d  i n  t h e  da ta  b locks  remains undefined, 
and those values are f i l l e d  w i t h  9 ' s  under format  c o n t r o l .  

STATISTIC,AL ANALYSIS TAPE ' . 

REFERENCE: Paragraphs 4.7.7 and 6.1.6, BFEC 1200-C 

The s t a t i s t i c a l  a n a l y s i s  d a t a  tape i s  an unlabeled, n i n e  t rack ,  800 
B P I ,  N R Z I .  A l l  da ta  i s  recorded as EBCDIC charac ters .  The b lock  
l e n g t h  i s  8000 charac ters  long. Each tape conta ins  one f i l e  o f  da ta  
f o r  no more than one quadrangle. 

Block 1 - Format D e s c r i p t i o n  Data 

The f i r s t  phys i ca l  b lock  on t h i s  tape con ta ins  a format  d e s c r i p t i o n  f o r  
da ta  on subsequent b locks.  The f i r s t  7560 charac ters  on t h i s  b lock  
conta ins  105 l i n e s  o f  72 charac ters  e x a c t l y  as w r i t t e n  below: 

03 0978 (DATA  TAPE TYPE AND FORMAT S P E C I F I C A T I O N  DATE CODES) ' 

STATISTICAL ANALYSIS DATA TAPE 

ITEM FORMAT DESCRIPTION 

QUADRANGLE NAME AS PROJECT" IDENTIFICATION 
NAME OF SUBCONTRACTOR 
APPROXIMATE DATE OF SURVEY (MONTH, YEAR) 
NUMBER OF AERIAL SYSTEMS USED TO COLLECT DATA FOR 
TH I S  QUADRANGLE 
AERIAL SYSTEM IDENTIFICATION CODE FOR FIRST 
SYSTEM 
AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER 
FOR FIRST SYSTEM 
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
TERRESTRIAL POTASSIUM (K-40) TO ONE DECIMAL PLACE 
IN  CPS PER PERCENT K 
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
TERRESTRIAL URANIUM (BI-214) TO ONE DECIMAL PLACE 
I N  CPS PER PPM EQUIVALENT U 
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
TERRESTRIAL THORIUM (TL-208) TO ONE DECIMAL PLACE 
I N  CPS PER PPM EQUIVALENT TH 
BLANK FIELD (99999) 
4PI-SYSTEM DATA COLLECTION INTERVAL TO THREE 
DECIMAL PLACES I N  SECONDS FOR FIRST SYSTEM 
2PI-SYSTEM DATA COLLECTION I'NTERVAL TO THREE 
DECIMAL PLACES IN  SECONDS FOR FIRST SYSTEM 
NUMBER OF CHANNELS (0-3 MEV) I N  4PI SYSTEM FOR 
FIRST AERIAL SYSTEM 
NUMBER OF CHANNELS (0-3 MEV) 'IN 2PI SYSTEM FOR 
FIRST AERIAL SYSTEM 



I T E M  FORMAT 
- ..... 

DESCRIPTION I T E M  

2 0  

2 1 

FORMAT 

F 8 . 1  

F 6 . 1  

DESCRIPTION 

GROSS GAMMA (0.4-3.0 MEV) COUNT RATE TO ONE 
DECIMAL PLACE I N  COUNTS PER SECOND 
UNCERTAINTY I N  GROSS GAMMA COUNT RATE TO ONE 
DECIMAL PLACE I N  COUNTS PER SECOND 
ATMOSPHERIC B I - 2 1 4  4 P I  CORRECTION TO ONE DECIMAL 
PLACE I N  PPM EQUIVALENT  U 
UNCERTAINTY I N  ATMOSPHERIC B I - 2 1 4  4 P I . C O R R E C T I O N  
TO ONE DEICMAL PLACE I N  PPM EQUIVALENT  U 
AVERAGED URANIUM-TO-THORIUM R A T I O  TO ONE DECIMAL 
PLACE I N  PPM EQUIVALENT  U PER PPM EQUIVALENT  
T H 
URANIUM-TO-THORIUM R A T I O  STANDARD D E V I A T I O N  FROM 
THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY 
SIGNED 
AVERAGED URANIUM-TO-POTASS 1 UM RATIO TO ONE DECIMAL 
PLACE I N  PPM EQUIVALENT  U PER PERCENT K 
THORIUM-TO-POTASSI UM R A T I O  STANDARD D E V I A T I O N  FROM 
THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY 
S I GNED 
AVERAGED THORIUM-TO-POTASSI UM R A T I O  TO ONE DECIMAL  
PLACE I N  PPM EQUIVALENT  T H  PER PERCENT K 
THORIUM-TO-POTASSIUM R A T I O  STANDARD D E V I A T I O N  FROM THE 
MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY S IGNED 

(SAME ) * 
* 
* 

(SAME) 
I 3  
I 4  
I 6  
I 3  

REPEAT OF ITEMS 5 - 1 4  FOR SECOND A E R I A L  SYSTEM . * 
* 
* 

REPEAT OF ITEMS 5 - 1 4  FOR N I N T H  A E R I A L  SYSTEM 
NUMBER OF F L I G H T  L I N E S  ON T H I S  TAPE 
F I R S T  F L I G H T  L I N E  NUMBER ON T H I S  TAPE 
F I R S T  RECORD NUMBER OF F I R S T  F L I G H T . L I N E  
J U L I A N  DATE (DAY OF YEAR) F I R S T  F L I G H T - L I N E  DATA 
WAS COLLECTED 
REPEAT OF ITEMS 96-98 FOR SECOND F L I G H T  L I N E  ON 
T H I S  TAPE * 

* 
* 

REPEAT OF ITEMS 96-98 FOR 99th F L I G H T  L I N E  ON 
T H I S  TAPE 

FORMAT FOR S T A T I S T I C A L  ANALYSIS  DATA RECORD ( T H I R D  THRU LAST BLOCK) 

I T E M  - FORMAT DESCRIPTION 

AERIAL SYSTEM IDENTIFICATI'ON CODE 
F L I G H T  L I N E  NUMBER. 
RECORD I D E N T I F I C A T I O N  NUMBER 
GMT T I M E  OF DAY (HHMMSS) 
L A T I T U D E  TO FOUR DECIMAL PLACES I N  DEGREES 
LONGITUDE TO FOUR DECIMAL PLACES I N  DEGREES 
TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS 
RESIDUAL ( I G R F  Removed )  MAGNETIC F I E L D  I N T E N S I T Y  
TO ONE DECIMAL PLACE I N  GAMMAS 
SURFACE GEOLOGIC MAP U N I T  CODE 
Q U A L I T Y  FLAG CODES 
APPARENT CONCENTRATION OF TERRESTRIAL POTASSIUM 
(K-40.) TO ONE DECIMAL PLACE I N  PERCENT K 
UNCERTAINTY I N  TERRESTRIAL POTASSIUM TO ONE 
DECIMAL PLACE I N  .PERCENT K 
POTASSIUM STANDARD D E V I A T I O N  FROM THE MEAN TO ONE 
DECIMAL PLACE AND ALGEBRAICALLY SIGNED 
AVERAGED CONCENTRATION OF TERRESTRIAL URANIUM 
( B I - 2 1 4 )  TO ONE DECIMAL PLACE I N  PPM EQUIVALENT 
U 
UNCERTAINTY I N  TERRESTRIAL URANIUM TO ONE DECIMAL .  
PLACE I N  PPM EQUIVALENT U 
URANIUM STANDARD D E V I A T I O N  FROM THE MEAN TO ONE 
DECIMAL PLACE AND ALGEBRAICALLY SIGNED 
AVERAGED CONCENTRATION OF TERRESTRIAL THORIUM 
( T L - 2 0 8 )  TO ONE DECIMAL PLACE I N  PPM EQUIVALENT 
T H 
UNCERTAINTY I N  TERRESTRIAL THORIUM TO ONE DECIMAL 
PLACE I N  PPM EQUIVALENT T H  
THORIUM STANDARD D E V I A T I O N  FROM THE MEAN TO ONE 
DECIMAL PLACE AND ALGEBRIACALLY SIGNED. 

T h e  k e m a i n i n g  440 c h a r a c t e r s  i n  t h i s  b l o c k  a r e  b l a n k s .  - 

B l o c k  2 - S t a t i s t i c a l  A n a l y s i s  I d e n t i f i c a t i o n  D a t a  

T h e  s e c o n d  b l o c k  c o n t a i n s  t h e  i d e n t i f i e r  i n f o r m a t  i o n  f o r  t h e  d a t a  
c o n t a i n e d  i n  s u b s e q u e n t  b l o c k s  a c c o r d i n g  t o  t h e  f o r m a t  s p e c i f i c a t i o n  i n  
t h e  f i r s t  p a r t  o f  B l o c k  1. T h e  f i n a l  6 0 7 8 .  c h a r a c t e r s  on t h i s  b l o c k  
a r e  b l a n k s .  

B l o c k  3 - S t a t i s t i c a l  ~ n a l y s i s  D a t a  

T h e  t h i r d  a n d  s u b s e q u e n t ,  b l o c k s  c o n t a i n  s t a t i i t i c a l  a n a l y s i s  d a t a  i n  
t h e  f o r m a t  s p e c i f i e d  by t h e  s e c o n d  p a r t  o f  t h e  B l o c k  1. F i f t y  l o g i c a l  
r e c o r d s  a r e  a l l o w e d  per b l o c k .  T h e . m e t h o d  f o r  d e t e r m i n i n g  u n c e r t a i n t y  
v a l u e s  shown ,  a s  o f  A u g u s t  1 9 7 9 ,  r e m a i n s  u n d e f i n e d .  T h e s e  v a l u e s  a r e  
f i l l e d  w i t h  9 ' s  under f o r m a t '  c o n t r o l .  



1 MAGNETIC DATA TAPE 

REFERENCE: Paragraphs 4.7.8 and 6.1.6, BFEC 1200-C 

The Magentic Data Tape i s  an unlabeled, n i n e  t rack ,  800 BPI, N R Z I .  A l l  
da ta  are recorded as EBCDIC charac ters .  Each tape conta ins  da ta  f o r  no 
more than one quadrangle and are d i v i d e d  i n t o  8000-character b locks  as 
descr ibed below. 

\ 

Block 1 - Tape Format D e s c r i p t i o n  

The f i r s t  b lock  conta ins  3384 .charac ters  o f  format in format ' ion i n  ' 
e x a c t l y  t h e  f o l l o w i n g  format :  

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

MAGNETIC DATA TAPE 

/ 

ITEM FORMAT DESCRIPTION 

1 ~ 4 b  QUADRANGLE NAME AS PROJECT IDENTIFICATION . 

2 . A20 NAME OF SUBCONTRACTOR 
3 . 14 APPROXIMATE DATE OF SURVEY '(MONTH., YEAR 
4 I 3  NUMBER OF FLIGHT LINES ON THIS TAPE 
5 I 4  FIRST FLIGHT LINE ON THIS TAPE 
6 I 6  FIRST RECORD NUMBER OF FIRST FLIGHT LINE 
7 13 JULIAN DATE (DAY .OF YEAR) FIRST FLIGHT-LINE DATA 

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

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

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

* TAPE * * 

495-499 (SAME) REPEAT OF ITEMS 5-9 FOR 99th  FLIGHT LINE ON THIS 
TAPE 

ITEM FORMAT . DESCRIPTION 

ITEM FORMAT DESCRIPTION 

F8.4 LONGITUDE TO FOUR DECIMAL PLACES I N  DEGREES' 
F6.1 TERRAIN CLEARANCE TO ONE DECIMAL PLACE I N  METER.S 
F5.1 OUTSIDE A I R  PRESSURE TO ONE DECIMAL PLACE I N  

' MMHG 
A8 SURFACE GEOLOGIC MAP UNIT' CODE 
F7.1 TOTAL MAGNETIC FIELD INTENSITY TO ONE DECIMAL 

PLACE I N  GAMMAS 
~ 7 . 1  RESIDUAL ( IGRF REMOVED) MAGNETIC FIELD INTENSITY 

TO ONE DECIMAL PLACE IN GAMMAS 
F7.1 DIURNAL MAGNETIC INTENSITY VARIATION TO ONE , 

DECIMAL PLACE I N  GAMMAS 
F7.1 MAGNETIC DEPTH-TO-BASEMENT TO ONE DECIMAL PLACE IN 

METERS ( I F  REQUIRED) 

The remain ing 4616 cha rac te rs  i n  t h i s  b lock  are b lanks .  

B lock 2 - Magnet ic Tape I d e n t i f i c a t i o n  Data 

T h i s  b lock  con ta ins  i n f o r m a t i o n  about t h e  da ta  i n  subsequent b locks  
organized accord ing t o  t h e  fo rmat  s p e c i f i c a t i o n  i n  t h e  f i r s t  h a l f  o f  
B lock 1. 

Block 3 - Magnetic Data 

T h i s  b lock  and' subsequent b lock  con ta ins  magnet ic d a t a  f o r  t h e  quad-: 
r a n g l e  organized accord ing t o  t h e  fo rmat  s p e c i f  i c a t  i'ons i n  t h e  second 
h a l f  o f  Block 1. There , w i l l  be 100 l o g i c a l  records  per  p h y s i c a l  b lock .  

1 I1 AERIAL SYSTEM IDENTIFICATION CODE 
2 I 4  FLIGHT LINE NUMBER 
3 I 6  RECORD IDENTIFICATION NUMBER 
4 16 GM'T 'I'IME UF DAY (HHMMSS) 
5 F8.4 LATITUDE TO FOUR DECIMAL PLACES I N  DEGREES 



STATISTIC ANALYSIS SUMMARY TAPE 

REFERENCE: Paragraphs 4.7.9, BFEC 1200-C 
16 F6.1 URANIUM-TO-THORIUM RATIO MEAN TO ONE DECIMAL PLACE 

I N  PPM EQUIVALENT U PER PPM EQUIVALENT U PER PPM 
EQUIVALENT TH 

17 F6.1 URANIUM-TO-THORIUM RATIO STANDARD DEVIATION TO ONE 
DECIMAL PLACE I N  PPM EQUIVALENT U PER PPM EQUIVA- 
LENT TH 

18  A3 URANIUM-TO-THORIUM RATIO DISTRIBUTION CODE 
19 I 6  NUMBER OF URANIUM-TO-POTASSIUM RATIO RECORDS 

COMPUTED FOR GEOLOGIC UNIT 

The s t a t i s t i c a l  a n a l y s i s  summary t ape  i s  an un labeled,  n i n e  t r ack ,  
800 BPI, NRZI. A l l  da ta  i s  recorded as EBCDIC charac te rs .  The b l o c k  
l e n g t h  i s  700 cha rac te r s  long.  Each tape  con ta ins  one f i l e  o f  d a t a  f o r  
no more . than one quadrangle.  

B lock 1 - Format D e s c r i p t i o n -  Data 

The f i r s t  p h y s i c a l  b l ock  on t h i s  tape  con ta ins  a format  d e s c r i p t i o n  
f o r  d a t a  on subsequent b locks .  The f i r s t  4320 cha rac te r s  on t h i s  
b l o c k  con ta ins  60 l i n e s  o f  72 cha rac te r s  e x a c t l y  as w r i t t e n  below: 

2 0 F6.1 URANIUM -TO-POTASSIUM RATIO MEAN TO ONE DECIMAL PLACE 
I N  PPM EQUIVALENT U PER PERCENT K 

2 1 F6.1 URANIUM-TO-POTASSIUM RATIO STANDARD DEVIATION TO ONE 
DECIMAL PLACE I N  PPM EQUIVALENT U PER PERCENT 

22 . A3 URANIUM-TO-POTASSIUM RATIO DISTRIBUTION 
23 I 6  NUMBER OF THORIUM-TO-POTASSIUM RATIO RECORDS 

COMPUTED FOR GEOLOGIC UNIT 
24 F6.1 THORIUM-TO-POTASSIUM RATIO MEAN TO ONE DECIMAL PLACE 

I N  PPM EQUIVALENT TH PER PERCENT K 
2 5 F6.1 THORIUM-TO-POTASSIUM RATIO STANDARD. DEVIATION TO ONE 

DECIMAL PLACE I N  PPM EQUIVALENT TH PER PERCENT K 
2 6 A 3 THORIUM-TO-POTASSIUM RATIO DISTRIBUTION CODE 

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

ITEM .FORMAT DESCRIPTION 
1 A40 QUADRANGLE NAME AS PROJECT IDENTIFICATION 
2 A20 NAME OF SUBCONTRACTOR 
3 I 4  \APPROXIMATE DATE OF SURVEY (MONTH, YEAR) The remain ing  2680 c h a r a c t e r s  on t h i s  b l o c k  s h a l l  be b l anks .  

4 I 6  NUMBER OF GEOLOGIC MAP UNITS USED FOR THIS QUADRANGLE 
B lock  2 - S t a t i s t i c a l  A n a l y s i s  I d e n t i f i c a t i o n  Data 

FORMAT FOR STATISTICAL ANALYSIS SUMMARY DATA RECORD (THIRD THRU LAST 
BLOCK) The second b l o c k  c o n t a i n s  t h e  i d e n t i f i e r  info,rmat ion f o r  t h e  d a t a  con- 

t a i n e d  . i n  subsequent b l o c k s  acco rd ing  t o  t h e  fo rmat  s p e c i f i c a t i o n  i n  t h e  
f i r s t  p a r t  o f  B'lock 1. The f i n a l  6930 c h a r a c t e r s o n  t h i s  b l o c k  a re  
b l anks .  

ITEM 
1 

FORMAT 
A8 

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

Block 3 - S t a t i s t i c a l  A n a l y s i s  Summary Data . 

The t h ' i r d  and subsequent b l o c k s  c o n t a i n  s t a t i s t i c a l  analys'is d a t a  i n  t h e  
f o rma t  s p e c i f i e d  b y  t h e  second p a r t  of t he  Block 1. ~ i f t y  l o g i c a l  

' r eco rds  a re  a l lowed p e r  b l ock .  

NUMBER OF URAN I UM-TO-THOR I UM RATIO RECORDS COMPUTED 
FOR GEOLOGIC UNIT 
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APPENDIX B 

DAILY PRODUCTION SUMMARY JUNE AND JULY, 1980 

EL DORADO, GREENWOOD, WEST POINT, HELENA, MEMPHIS, 

RUSSELLVILLE, AND FORTH SMITH QUADRANGLES 

QUEEN A I R  N9AG 

Fer ry  t o  Greenv i l le ,  M iss iss ipp i  
755 m i les  E l  Dorado, Greenwood, West Po in t  
698 m i  1 es E l  Dorado, Greenwood, West Point ,  Helena 
698 m i les  I1  I 1  18 I t  

698 mi les  I 1  I 1  I 1  II 

249 mi 1 es Greenwood, Helena, West Po in t  
Weather - n i l  product ion 
607 m i l es  Greenwood, Helena, West Po in t  
Weather - n i l  product ion 
676 m i les  Greenwood, E l  Dorado, West Po in t  
902 m i les  E l  Dorado, Greenwood, West Point ,  Helena 
1,025 m i les  Greenwood, Helena, Memphis 
587 m i  l e s  I 1  II I 1  

Fer ry  t o  F o r t  Smith, Arkansas 
678 m i les  F o r t  Smith, R u s s e l l v i l l e ,  Memphis 
Equipment malfunct ions - n i l  p roduct ion 
941 m i l es  F o r t  Smith, R u s s e l l v i l l e ,  Memphis, Helena 
678 m i les  Fo r t  Smith, R u s s e l l v i l l e ,  Memphis 
1,039 m i les  F o r t  Smith, R u s s e l l v i l l e ,  Memphis, Helena 
736 m i les  Fo r t  Smith, R u s s e l l v i l l e ,  Memphis 
Equipment Repairs - n i l  p roduct ion 
2645 mi les  Fo r t  Smith 
1,086 mi les  Fo r t  Smith, R u s s e l l v i l l e ,  Memphis, Helena 
528 m i les  F o r t  Smith, R u s s e l l v i l l e  

Tota l  f o r  the  above per iod - 12,825 m i les  9s recorded by t he  f l i g h t  
crew. 

To ta l  from May, 1980 f o r  R u s s e l l v i l l e  quadrangle - 109 mi les .  

Tota l  mi les  f o r  the inc luded quadrangles: 

E l  Dorado 1,867 
Greenwood 1,867 
West Po in t  1,867 
Helena 1,851 
For t  Smith 1,834 
Russe l l v i l  l e  1,834 
Memphis 1,834 



APPENDIX C - Flight Path and Geologic Map 



HELENA 
1 

4 
L ( W T ~  

1~oo.000 , FLIGHT PATH RECOVERY 

_, r- - 
-. -- as+-o <-. MISS~SSIPPI I F LORIDA PROJECT 

b ,I n*l*l 

................... N D H T  LRS -1110. &* MU6 
................. W.1 ~ l l l m e  460 W E 1  *YI 

M " , W  OWLLED. .  ...** U. S. DEPARTMENT OF ENERGY ........................ 



GEOLOGIC MAP EXPLANATION 
HELENA QUADRANGLE 

( f r o m  Mar te l  L a b o r a t o r i e s ,  1980) 

ERA 

SEDIMENTARY ROCKS 
( /~a l~  ALLUVIUM: ALLUVIAL DEPOSITS OF PRESENT STREAMS 

EPOCH PERIOD 

L 

IT] PLEISTOCENE TERRACE DEPOSITS 

DUNESAND 

1 - 1  LOESS: GREY TO YELLOWISH-BROWN MASSIVE SILT FORMATION 1 [BrgJ SAND ANDGRAVEL 
0 

LlGNlTlC CLAY AND LIGNITE 

- 
Z 

G 

- UNCONFORMITY - 

I T ]  JACKSON GROUP: YAZOO CLAY AND MOODYS BRANCH  FORMATION^ i 
(GLAUCONITIC CLAYEY QUARTZ SAND WITH SHELLS) 

- UNCONFORMITY - I 8  I 

MIDWAY GROUP: NAHEOLA. PORTERS CREEK AND CLAYTON 
FORMATIONS (MOSTLY GLAUCONITIC SAND AND CLAY) 
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APPENDIX E - Standard Deviation Maps 
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APPENDlX F - Histograms and Map Unit Conversion 

Table 



NTMS N I  15-6 HELENA 

THORIUM 

0 EOUIVALENT PPM 15.0 
MEAN / 7 .2  ADEOUATE 
MED I AN 7 - 3  2 3 8  6 2 SAMPLES 

MAP U N I T  : QAL TOTAL NUMBER 
OF SAMPLES 2 3 9  6  5 

URANIUM 

I 

EOUIVALENT PPM 

MEAN / 2 .1  ADEOUATE 
NEDI AN 2 .  1  23700 SAMPLES 

I " '  

MEAN / ADEOUATE 
MEDIAN . 1 -972  1 .8&1a 23665 SAMPIFS 

MEAN / ADECUATE 
MFnrRN 0 - 2 9 3  - 0 .29023692 SAMPLES 

POTASSIUM 

MEAN / 
MEDIAN 

EOUIVALENT PERCENT 2 . 0  
1.2 ADEOUATE 1.2 23817 SAMPLES 

MEAN / ADEOUATE 
n E o r m  6.668 6.0121623795 sR,qpiEs 

. . 
: ' .  
. . 

. . t' . 
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MRP U N I T  : T J  TOTAL NUMBER 
OF SAMPLES NTMS NI 15 -6  HELENA 

THORIUM URANIUM 

I 

EOUIVRLENT PPM 

- 
0 
MEAN / 
MEDIAN 

EOUIVALENT PPM 1 5 - 0  
G.6 RDEOURTE 6 . 9 3 6 5 sRNpLEs 

- 
0 
MEAN / 
KEDIRN 

EOUIVRLENT PERCENT 2 - 0  
1 .2  ADEOURTE 1 - 4 3 6 2 SAMPLES- 

MEAN / 2 ..0 2 - 1  RDEOURTE 
KEDIRN 3 4 4 SAMPLES 

.MEAN / ADECIUATE 
MEDIAN 2 - 1 5 5  1.500 ' 344 SAMPLES 

MEAN / ADEOURTE 
MEDIAN 0.314 0 .310 344 SAMPLES 

MEAN / RDEOURTE 
MEDi AN 6.825 5 . 500 362 SAMPLES 



NTMS N I  15-6  HELENA 

THORIUM 

MEAN / 
MEDIAN 

" , " .  
EOUIVALENT FPM 

ADEOUATE 6 .0  3  0  0  SAMPLES 

MAP U N I T  : TW TOTAL NUMBER 
OF SAMPLES 

' URANIUM 

" V , " '  

EOUIVALENT PPM 0  EOUIVALENT PERCENT 2 . 0  
MEAN / 2 .1  2 . 1  ADEOUATE 
MEDIAN 300 SAMPLES 

MEAN / ADEOUATE 
MEDIW 4-662  4.500 300 SAMRES 

MEAN / 
MEDIAN 0.5  ADEQUATE 0  - 5  3  0  0  SAMPLES 

MEAN / ADEOURTE 
MEDIW 0 - 3 5 4  0 - 3 5 0  30@ SAMPLES 

MEAN / ADEOUATE 
MEDIAN 13.199 13 -000  300 SAMPLES 



NTMS N I  15 -6  . 'HELENA MAP U N I T  : TM 

HEAN / 6 .  1. 6 . 1  ADEOUATE 
HEDIRN 5 4 SAMPLES 

MEAN / 
MEDIAN 5.180 5.100 ADEOUATE 5 4 SAMPLES 

URANIUM 

MEAN / 
MEDIAN . 

EOUIVRLENT PPM 5 .0  
2 .1  2 . 0  ADEOUATE 5 4 SAMPLES 

0  1 -000 
MEAN / 
MEDIAN 0 . 336 0  . 330 ADEOUATE 5 4 SAMPLES 

POTASSIUM 

0  EOUIVRLENT PERCENT ' 2 . 0  
MEAN / 0 .4  0.4 ADEOUATE 
MEDIAN 5 4 SnrrFLEs 

MEAN MEDIAN / 15 -308  15.000. ADEQUATE 
5 4 SAMPLES 



Computer Map U n i t  Symbol Conversion Table 

Computer Map ~ e o l o g i c  Map 
U n i t  Symbol U n i t  Symbol 

HELENA OUADRANGLE 

Q AL 
QT 

* QDS 
QS 

* QSG 
T  J 
TW 
TM 

NOTES: 

On the  f o l l o w i n g  pages, histograms f o r  each computer map u n i t  
a r e  i n c l u d e d  i n  t h e  same o r d e r  as t h e y  appear on t h e  above 
1  i s t .  

Geologic desc r ip t i ons  o f  t h e  o r i g i n a l  geologic map u n i t s  are 
i n  Appendix A.  

Areas over  water o r  c u l t u r a l  features were assigned separate 
map u n i t  symbols and were removed f rom t h e  data  b lock  d u r i n g  
processing. 

* A s t a t i s t i c a l  ana lys i s  was no t  performed due t o  an inadequate 
number o f  samples. 



APPENDIX G - Uranium Anomaly Summary and 

Statistical Tables 



ANOMALY 
ANOKALY SUHNARY T A B L E  

F L I G H T  COMPUTER MAP U N I T  AND NO. 
ANOMALOUS SAMPLES I N  U N I T  

UAL 
QAL 
QAL 
GT 
QT 
QT 
QT 
QT 
QAL 
QT 
QAL 
GT 
QT 
QAL 
QAL 
QAL 
QAL 
QAL 
QAL 
GAL 
GAL 
QT 
QT 
GAL 
GAL 
GAL 
GAL 
GS 
(PAL 
GAL 
QT 
QAL 
GAL 
GAL 
QAL 
QAL 
QAL 
QAL 
GAL 
QT 
QT 
QT 
QT 
GT 
QT 
QAL 
QAL 
GAL 
GAL 
QAL 

PEAK 
PPM 

1 
3. 5 0  
3. 4 0  
3. 4 0  
3. Y 0  
3. 2 3  
3. 4 2 
3. 2 0  
3. 0  Z 
3. 3 0 
3. 0 2  
4. 0  0  
3. 0  3  
3. 0 2 
3. 3  0  
3 2  0  
3. 5 2 
3. .I 2 
3. 6 0  
3. 3 1 
3. 4 0  
3. 1 0  
3. 1 3  
3. 2 3 
2. 9 2  
3. 0  1 
2. 8 2 
3. 0  2 
3. 2 1 
3. 0  0  
2. 9 4 
3. 1 1 
2. 9 2 
3. 3 0  
2. 9 4 
3. 0  2  
3. 7 1 
3. 0  0 
2. 8 2 
3. 1 0  
3. 5 5 
3. 1 0  
3. 4 0  
2. 9 2 
3. 5 0  
3. 6 0  
3. 1 0  
3. 1 1 
3. 6 1 
3. 3 0  
2. 8 2  

NUMBER OF SAMPLES W I T H  A 
STANDARD DEVIATIOIU OF : 
2 3 4 5 6 7 G T 7  
1 1 0 0 0 0 0  
0 1 0 0 c 0 0  
O l O O O O C ~  
r- "' 0  1 0  0 0  C> 
2 0 0 0 0 0 0  
L 3 1 0 0 C ) 0 0  
2 0 O O O O C ?  
l O O @ O O O  
0 1 0 0 0 0 0  
0  0 - 0  0 . 0  0 
0 0 1 0 0 0 0  
1 0 0 0 0 0 0  
1 0 0 0 0 0 0  
0 1 0 0 0 0 0  
2 0 0 0 0 0 0  
0 1 0 0 @ O O  
1 0 0 0 0 0 0  
0 1 0 0 0 0 0 '  
0  1 0  0  0  0 ' 0  
0 1 0 0 0 0 0  
2 0 0 0 0 0 0  
2 0 0 0 0 0 0  
2 0 0 0 0 0 0  
0  0  0  0  0  0  
2 0 0 0 0 0 0  
1 0 0 0 0 0 0  
3 0 0 0 0 0 0  
2 0 0 0 0 0 0  
2 0 0 0 0 0 0  
1 0  0  0 . 0  0  0  
2 0 0 0 O O O  
1 0 0 0 0 0 0  
0 1 0 0 0 0 0  
1 n o 0 0 0 0  
1 0 0 0 0 0 0  
3  1 1 0 0 0 0 :  
2 0 0 0 0 0 0  
1 0 0 0 0 0 0  
2 0 0 0 0 0 0  
0 1 0 0 0 0 0  
3 0 0 0 0 0 0  
0 1 0 0 0 0 0  
1 0 0 0 0 0 0  
1 1 0 0 0 0 0  
1 1 . 0  0  0  0  0  
2 0 0 0 0 0 0  
3 0 0 0 0 0 0  
3 1 0 0 0 0 0  
0 1 0 0 0 8 0  
1 0 0 0 0 O C ~  



ANOMALY 
ANOMALY SUMMARY T A B L E  

F L I G H T  COMPUTER MAP U N I T  AND NO. 
ANOMALOUS SAMPLES I N  U N I T  

Q AL 
QAL 
QAL 
QAL 
QAL 
QAL 
QS 
QS 
QS 
QS 

PEAK 
PPM 

1  
3. 1 1  
2. 9 2 
3. 3 0  
2. '? 2 
3. 5 0  
3. 2 1  
3. 1  2 
3. 1  1 
3. 3 0  
3. 1  3  

NOTES: M I N D I C A T E S  THAT T H E  ANOMALY L I E S  OVER 
A URANIUM M I N E  OR PROSPECT. 

NUMBER O F  SAMPLES W I T H  A 
STANDARD D E V I A T I O N  O F  : 
2 3 4 5 6 7 G T 7  
3 0 0 0 0 0 0  
2 0 0 0 0 0 0  
0 1 0 0 0 0 0  
1 0 0 0 0 0 0  
1  1 0 0 0 0 0  
4 0 0 0 0 0 C !  
1 0 0 0 0 0 0  
3 0 0 0 C J 0 0  
2 0 0 0 0 0 0  
1 0 0 0 0 0 C !  

W I N D I C A T E S  P O S S I B L E  INTERFERENCE B Y  WEATHER PHENOMENA. , ,  



-3 
! 
I : POTASIUM D l S T  NORMAL 0. 1141 
: URANIUM D I S T  NORMAL 0. 7292 

THORIUM DKST NORMAL 2. 1670 
U/K D I S T  NORMAL -0. 3363 
U/TH D I S T  NORMAL 0. 0899 
TH/K D I S T  NORMAL 0. 4269 

MAP UNIT  QAL 

MAP UNIT  QT 

POTASIUM D I S T  NCI:RMAL -0. 1255 0. 2026 0. 5307 0. 8588 1. 1869 1. 5150 1. 13431 
URANIUM D I S T  NORMAL 1. 0621 1.4735 1. 8849 2. 2963 2. 7077 3. 1191 3. 5305 
THORIUM D I S T  NGRMAL 3. 6969 4 .  8916 6. 0867 7. 2818 8. 4769 9. 6720 10. 8671 

U/K D I S T  NCI'RMAL -0.9359 0. 4075 1. 7509 3. 0943 4. 4377 5. 7811 7. 1245 
U/TH D I S T  NGRMAL 0. 1532 0. 2085 0. 2638 0. 3191 0. 3744 0. 4297 0. 4850 

'TH/K D I S T  NORMAL -1. 1934 2. 4225 6. 0384 9. 6543 13. 2702 16. 8861 20. 5020 

................................................................................................... 

MAP UNIT  QS 

-3 -7 
L -1 0 +l +2 +3 

POTASIUM D I S T  NORMAL 0. 5464 0. 7244 0. 9024 1. 0804 1. 2584 1. 4364 1. 6144 
URANIUM D I S T  NORMAL 1. 1353 1. 3434 1. 9313 2. 3592 2. 7671 3. 1750 3. 5829 
THORIUM D I S T  NORMAL 3. 49221 4. 7047 5. 9169 7. 1291 8. 3413 9. 5533 10. 7657 

U/K D I S T  NORMAL 0. 9376 1. 3607 1. 7838 2. 2069 2. 6300 3. 0531 3. 4762 
U/TM D I S T  NORMAL 0. 1510 0.2122 0. 2734 0. 3346 0. 3958 0. 4570 0. 5182 
TH/K D I S T  NORMAL 4. 5322 5. 2324 5. 932b 6. 6328 7. 3330 8. 0332 8. 7334 

MAP \)NIT T J  

F'OTASIUM D I S T  NORMAL -0. 3315 0 .  1846 0. 7007 1. 2168 1. 7329 2. 2490 2. 7651 
URANIUM D I S T  NORMAL 0. 5751 1. 0621 1. 5491 2. 0361 2. 5231 3.0101 3. 4971 
THORIUM D I S T  NORMAL -0. 0344 2. 1711 4. 3766 6. 5821 8.7876 10.9931 13.1986 

U/K D I S T  NORMAL -3. 3454 -1. 5121 0. 3212 2. 1545 3. 9878 5. 821 1 7. 6544 
U/TH D I S T  NORMAL. 0. 0366 0. 1290 0. 2214 0. 3138 0. 4062 0. 4986 0. 5910 
TH/K D I S T  NORMAL -8. 4566 -3. 3628 1. 7310 6. 8248 , 1 1 .  9186 17. 0124 22. 1062 

MAP UNIT TW 

POTASIUM D l S T  NORMAL 0.2212 0. 3019 0. 3826 0. 4633 0. 5440 0. 6247 02. 7054 
URANIUM D l S T  NORMAL 1. 1990 1 .  5033 . 1. 8076 2. 1119 2. 4162 2. 7205 3. 0248 
THORIUM D l  ST NORMAL 3. 5743 4. 3906 5. 2069 6. 0232 6. 8395 '7. 6558 8. 4721 

LJ/K D I S T  NORMAL 1. 9776 2. 8724 3. 7672 4.6620 5. 5568 6. 4516 7. 3464 
U/TH D I S T  NORMAL 0. 1871 0. 2428 0. 2983 0. 3542 0. 4099 0. 4656 0. 5213 
TH/H D I S T  NORMAL. 7. 9290 9. 6836 1 1 .  4422 13. 1988 14. 9554 16. 7120 18. 4686 

-.- --------------.------ -,----.---.------------------ *--------------.----.---------------------------.--------- 

MAF' UNIT  TM 

POTASIUM D I S T  NORMAL 0. 2320 0. 2901 0. 3482 0.4063 0. 4644 G. 5225 0. 5806 
1: URANIUM D I S T  NORMAL 1. 3038: 1. 5544 1. 8050 2. 0536 2. 3062 2. 5568 2. 8074 

'THORIUM D I S T  NORMAL 4. 2627 4. 891 1 5. 5195 6. 1479 6. 7763 7. 4047 8. 0331 
V/K D I S T  NORMAL 1. 8354 2. 9502 4. 0650 5. 1798 6. 2946 7. 4094 8. 5242 
U/TI i  D I S T  NOqHAL 0. 2070 0. 2301 0. 2932 0. 3363 0. 3794 0. 4225 0. -4656 
TH/K D I S T  NOaMAL 9.8320 11.6372 13.4824 15.3076 17.1328 18.9580 20.7832 



L I N E  BASED MEAN CONCENTRATIONS 
AND R A T I O S  PER ROCK TYPE 

MAP U N I T  OAL 

POTASIUM 1.232 0.957 1.141 1.146 1.162 1.115 1.216 1.186 1.141 1.166 
URANIUM 2. 346 2.236 2. 134 2. 093 2. 054 1. 973 2. 224 2. 200 2. 138 2. 209 
THOR I UM 7.170 6.009 6.889 6.945 6.908 6.783 7.162 7.242 7.267 7.608 

U/K 1.951 2.402 1.964 1.933 1.910 1.883 1.890 1.973 2.042 2.024 
U / T H  0.331 0.381 0.319 0.306 0.304 0.302 0.316 0.312 0.305 0.299 
TH/K 5. 944 6. 384 6. 268 6. 398 6. 292 6. 330 5. 996 6. 297 6. 877 6. 831 

370 380 400 390 
POTASIUM ' 1. 306 1. 099 1. 183 1. 262 
URANIUM 2. 326 2. 127 2. 029 2. 137 
'T HUH I UA 7 2 6 4  7.154 7.511 7.840 

U / K  .I. 895 2. 352 .1. 943 1. 819 
U / T H  0. 302 0. 306 0. 275 0.273 
TH/K 6. 229 7. 538 7. 093 6. 616 

......................................................................................................................... 

MAP UNIT QT 

POTASIUM 0.000 0.000 0.633 0.813 0.872 0.928 1. 128 1.043 0.837 0.916 0. 567 0. 762 0.428 1.072 0.933 
UR AN I UM 0.000 0.000 2.337 2.273 2.298 2.310 2.449 2.416 2.366 2.413 2.177 2 2 6 6  1.902 2.304 2.198 
TtiOR I UN 0.000 0.000 7.235 7.125 7.297 7.644 7.127 7.372 7.314 7.288 6.916 7.435 6.154 7.377 7.232 

U/K 0.000 0.000 4.479 3.658 3.089 2.920 2.200 2.500 3.268 2.905 4.065 3.154 5.002 2.219 2.665 
U / T H  0.  000 0. 000 0. 332 0.  325 0.  318 0.  306 0. 348 0. 339 0. 328 0. 331 0. 32Q 0. 308 0. 316 Q. 30'1 0. 306 
TH/K 0.000 0.000 13.321 10.928 9.569 9.390 6.343 7.424 9.790 8.706 12.705 10.239 15.536 7.315 8.685 

370 380 400 390 
POTASIUPI 0. 796 0. 835 0. 855 0. 791 
URANIUM 2. 314 2. 340 2. 236 2. 249 
THOR I Ufl 7. 081 7. 369 7. 440 7. 273 

U/K 3.315 3.167 3.073 3.183 
U / T H  0. 330 0. 320 0. 304 0. 312 
TH/K 10. 102 9. 816 10. 088 10. 245 



HAP UNIT QDS 

1 ZOO 1210 480 

POTASIUM 0. 000 0. 000 0. 000 
URANIUM 0.000 0.000 0. 000 
THOR I UM 0.000 0.000 0.000 

. U/K 0.000 0.000 0.000 
U/TH 0.000 0.000 0.000 
TH/K 0.000 0.000 0.000 

0, QOO 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0. 000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0.000 0. 000 0.000 a. 000 
0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 
0. OOG 0.000 0.000 0.000 

370 380 400 390 
POTASIUM 0. 000 0.000 0. 000 0. 000 
URANIUM 0.000 0.000 0.000 0.000 
THOR I UM 0.000 0.000 0.000 0.000 

U/K 0.000 0.000 0.000 u. 000 
U/TH 0.000 0.000 0.000 0.000 
TH/K  0.000 0.000 0.000 0.000 

MAP UNIT QS 

. POTASIUM 0.000 1. 020 0. 954 1. 006 1. 050 1. 090 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 1. 208 1. 194 
URANIUM , 0. 000 2. 403 1. 954 2. 1 1  1 2. 646 2. 568 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 2 .  ZSO 2. 296 
THOR I UM 0.000 6.791 b . 1 5 C  6.6'75 6.431 6.653 0.000 0.000 0.000 0.000 0.00'3 0.000 0.000 7.898 7.813 

U/K 0. 000 2. 355 2. 053 2. 107 2. 537 2. 371 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 1. 882 1. 940 
U / T H  . 0.000 0. 358 0. 319 0. 320 0. 385 0. 390 0. 000 0. 000 0. 000 0. 080 0. 000 0, 000 0. 000 0. 289 0. 296 
T H / H  0. 000 6. 681 6. 500 6. &29 8 .  833 6 .  i34 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 6. 534 6. 597 

370 380 400 390 
POTASIUM 1.182 1.200 0.990 1.189 
URANIUM 2. 477 2. 599 2. 001 2. 391 
THOR IUM 7.645 7 . 8 5 8  6. 559 7. 983 

U/K 2.114 2.176 1.964 1.991 
U / T H  0. 328 0. 333 0. 2% 0. 297 
TH/K 6. 482 6. 569 6. 832 6. 729 



MAP UNIT QSG 

POTASIUM 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 
URANIUM 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
THOR I UN 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

U/K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
U / T H  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
TH/K 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

370 380 400 390 
P O T A S I U N  0. 000 0. 000 0. 000 0. 000 
URANIUM 0.000 0.000 0.000 0.000 
THOR I U M  0.000 0.000 0.000 0.000 

U / K  , 0.000 0.000 0.000 0.000 
U/TH 0.000 0.000 0.000 0.000 
TH/K  0.000 0.000 0.000 0.000 

--------------------------------------------------------------------------------.----------------------------------------- 

MAP U N I T  T J  

POTASIUM 0.000 0.000 0. 000 0.000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 1. 217 0. 000 0. 000 
URANIUM 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 2. 036 0. 000 0. 000 
THOR I UM 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 6. 582 0. 000 0. 000 

U/K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2. 155 0.000 0.000 
U / T H  0.000 0.000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 314 0. 000 0. 000 
TH/K 0. 000 0. 000 0. 006 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 6. 825 0. 000 0. 000 

370 380 400 390 
P O T A S I U H  0.000 0.000 0.000 0.000 
URANIUM 0.000 0.000 0.000 0.000 
THOR I UM 0.000 0.000 0.000 0.000 

U / K  0.000 0.000 0.000 0.000 
U/TH 0.000 0.000 0.000 0.000 
TH/K 0.000 0.000 0.000 0.000 



MAP U N I T  TW 

POTASIUM 0. 000 0. 030 9. OOC, 0. 000 0. 005! 0. 009 0. 000 0. QOO 0. 000 0. 000 0. 000 0. 000 0. 477 - 0. 000 0. 000 
URANIUM 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 , 0. 000 0. 000 0. 000 0. 000 0. 000 2. 204 0. 000 0. 000 
THOR I UM 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.939 0.000 0.000 

U / H  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 4.757 0.000 0.000 , 

U / T H  0.000 0.000 0.000 0.000 . 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.374 0.000 0.000 
T H / K  0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 12. 699 0. 000 0. 000 

370 380 400 390 
P O T A S I U M  0. 456 0. 444 0. 000 0. 000 
URANIUM 2. 044 2. 021 0. 000 ,O. 000 
THOR I UM 6. 080 6. 055 0. 000 0. 000 

U / K  4.551 4.699 0.000 0.000 
U / T H  0. 338 0. 341 0. 000 0. 000 
TH/K  13. 557 13. 725 0. 000 0. 000 

.......................................................................................................................... 

MAP U N I T  ' T M  

1200 1210 480 470 460 450 1190 1180 440 430 1160 1170 1150 420 410 

POTASIUM 0. 000 0. 000 0. 000 0.000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 366 0. 000 0. 000 
URAN I UM 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 2. 270 0. 000 0. 000 
THOR I UM 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 6. 008 0. 000 0. 000 

U/K 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 6. 297 0. 000 0. 000 
U / T H  - 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 378 0. 000 0. 000 
TH/Y 0 .  000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 8,  000 0. 000 0. 000 0. 000 0. 000 16. 562 0. 000 0. 000 

POTASIUM 0. 425 0. 000 0. 000 0.000 
URANIUM 1.957 0. 000 0.000 0.000 
THOR I UM 6. 212 0. 000 0. 000 0. 000 

U / K  4.667 0.000 0.000 0.000 
U/TH 0.31'7 0.000 0.000 0.000 
T H / K  14. 731 0. 000 0. 000 0. 000 
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