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INTRODUCTION 

During the  months of August, September, and October of 1980, Aero Service 

Division Western Geophysical Compny of America conducted an airborne hi& 

sens i t i v i tg  gamma-ray spectrameter a d  magnetometer survey over t en  (10) areas  

over northern California and southwestern Oregon. These include the  2" x 1" 

NTMS quadrangles of Roseburg, Medford, Weed, Alturas, Redding, Susarnrille, 

Ukiah, and Chico along with the  1" x 2" areas  of t h e  Coos Bay quadrangle and 
\ 

the  Crescent ~i$y/Eureka areas canbind .  This report discusses the  r e su l t s  

obtained over t h e  Susanville,  Cal i fornia ,  map area. 

Traverse l i n e s  were flown i n  an east-west d i rec t ion  at a l i n e  spacing of 

six (6) miles. Tie l i nes  were flown north-south approximately eighteen (18) 

miles apart .  A t o t a l  of 16,883.5 l i n e  miles of geopkysical da t a  were 

acquired, compiled, and interpreted during the  survey, of which 1642.8 l i n e  

miles a r e  i n  t h i s  quadrangle. 

This report is a resu l t  of work performed under Bendix F ie ld  Engineering 

Corporation Subcontract No. 80-460, Project  No. IGO.205, as part of t h e  

National Uranium Resources Evaluation. NlTRE is a program of the  U. S. 6 

Department of Energy's Grand Junction, Colorado, off  i ce  t o  acquire and compile 

geologic and other information with which t o  assess  the  magnitude and 

d is t r ibu t ion  of uranium resources and t o  determine areas  favorable f o r  t he  

occurrence of uranium i n  the United S ta tes .  

The data  were reduced and compiled i n  accordance with the  technical  

s p c i f i c a t i o n s  of the contract a s  s ta ted  i n  BFEC 1203-C and BmC 1250-A. The 

parameters used i n  the  processing of t he  radiometric data  have been 

substantiated i n  a previously submitted ca l ibra t ion  report; of the  Sikorsky 

S-58T ins t a l l ed  airborne gamma-ray spectrometer system. 
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DATA ACQUISITION 

Aircraft 

The supvey was conducted using a Sikorsky S-58T helicopter, registration 
N94523, owned and operated by Carson Helicopters, Inc., Perkasie, 
Penrrsylvania. The f l ight  crew consisted of a pilot (carson), a navigator 
(Aero) , ard an electronics system operator ( ~ e r o )  . Some of the more pertinent 
characteristics and specifications of the aircraft  are l isted below: 

T A B L E  I 

-.t ions and Characteristics 
Aircraft . . . . . . . . . . . . . . .  SfkorsQ Model S-58T, 

Registration N94523 
Engine . . . . . . . . . . . . . . . . .  Pratt - Whitney PT 6T Twinpack 

. . . . . . . . . . . .  Take off power 1875 Shaft HP . 

. . . . . . . . . . . .  Fuel Capaci-tg 350 U. S. Gal. 
Hourly Fuel Con%lmqrtion . . . . . . .  100 U. S. G a l .  

. . . . . . . .  Range at Cruise Sped 350 Miles 

Rate of Climb . . . . . . . . . . . .  1XD Feet per Min. 
Service Ceiling . . . . . . . . . . .  1 2500 Feet 

Maximum Grcss Weight . . . . . . . . .  13000 Lbs. 
. . . . . . . . . . . . .  mt&v Weiat 7200 Lbs. 
. . . . . . . . . . . . .  U s e f u l  Load 5800 Lbe. 

. . . . . . . . . . . . . . .  pay LO& 1700 L ~ S .  

Gamma-- Spectrameter System 

The survey WWI conducted using Aero Service's HISEfE A(irborne) G(amma)- 
~(ay) ~(pectrometer) XXX) R system shown in block diagrammatic form i n  Figure 

3,  page 12. 

The detector assembly of t h e  spectraneter consists of a primaq detector, 
sensing data over a 4n solid angle, and an upward looking detector, sensing 
da t a  over a 2a solid ar!gle only. The primary detector pac- consists af 12 
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logs of 4" x 4" x 16" of Polyscin@, N d ( ~ l ) ,  each hermetically'  sealed i n  a 

s t e e l  container and cmpled t o  a high qua l i ty  photo-multiplier tube. The 

sensors a r e  assembled i n  three  s labs  of four logs each. Each s l ab  is enclosed 
i n  a heated and thermally s t ab i l i zed  container. Total volume of the  primary . . 

detector  is 3072 cubic inches (50.34 l i t e r s ) .  

The upward looking detector cons is t s  of two 4" x 4" x 16" lo& of 

PolyscinQ, each hermetically sealed i n  a s t e e l  container and coupled t o  a high 

qua l i ty  photo-multiplier tube and enclosed within separate heated and 

thermally s tab i l ized  containers. Each of t he  upward looking detectors  is 

mounted on top of one of the  primary detector packages, separated by a 0.75" 
s lab  of lead shielding, i n  order t o  provide the  8% shielding e f f ec t  @ 3.000 

MeV. 

The preamplifiers provide, with the  photo-mult i p l i e r s  , v i r t u a l l y  t he  

to ta l  s igna l  amplification. In  order t o  ensure k i m u m  s t a b i l i t g ,  t he  

preamplifiers a r e  enclcsed within the  thermally s t ab i l i zed  pclosges. 

The combined s igna l  of each detector s lab  is output i n to  the  amplif iers ,  

whose main purpose is summing the  incoming pulses and shaping them in to  a 

bipolar gaussian form. 

The summed and shaped s ignal  from the  amplifiers is input in to  the pulse 

height converter. This un i t  performs bas ica l ly  three  functions: it 
determines whether a pulse has been received, it determines its amplitude and 

it converts t he  amplitude in to  . a d i g i t a l  number. Since a successive 

appraximation analog .to d i g i t a l  converter is used, t o t a l  dead time of the  

system is the same regardless of the  energy of the  pulse. This dead time is 

approximately 8 pseconds per pulse due t o  the  converter and approximately 

1.5 pseconds due t o  the remainder of the e lec t ronic  c i r c u i t ,  f o r  a combined 

t o t a l  dead time. of qpraximately 9.5 pseconds per pulse. The exact system 

dead time, or  rather  l i ve  time, is measured i n  microseconds and recorded i n  

milliseconds as channel zero ( 0 )  of the  multispectral gamma-ray data .  

The function of pulse height analyzer is performed by t h e  HP 21 MX s e r i e s  

Hewlett Packa1.d minicomputer, which a l so  s to re s  and formats the  data ,  outputs 

them on tape and compares the recorded da ta  with the da ta  stored i n  memory f o r  

a fool-proof read a f t e r  wr i te  check. 

The gamma-ray spectrometer system includes fur ther  a Rosemount barometric 



altimeter, a Honeywell radar altimeter and a temperature transducer. A 3 
discrete interface exists  i n  the Hewlett Packard minicomputer to  accommodate a 

Doppler navigation system as well as other navigation systems, such as ANA, 

LORAN-C, OMEGA and others, although none of these were used. 

Two tape drives are employed to record the data and automatic switching 

between the two occurs as each tape ends. Data are collected each second and 

recorded every f ive seconds. In addition t o  the gunma-ray spectrometer da ta  

of both the primary and upward looldng systems, radar altimeter, barometric 

altimeter, atmospheric temperature, real  time, gamma-ray spectometer l ive  time 

and magnetometer data are  recorded. 

Additioml. ancil lary equipment carrid aboard +he helicopter includes a 

cathode rw tube display, a 6-channel heat sensitive analog recorder m d  a 

35mm camera, t r i g g r e d  by the d a t a  controller at a preselected interval. 

Magnetometer 

The magnetic sensor used for  the survey was a Varian V-85 proton free- 

precession magnetometer. This sensor was housed i n  a fiberglass bird and 

t ra i led  approximately 100' below the a i rc ra f t  to ensure optimal signal 

sensi t iv i tg  without need for extensive a i rcraf t  compensation. The magnetic 
d a t a  were recorded i n  increments of 0.01 ~pnmas, with a sensit ivi ty of 0.1 



\ 

PRODUCTION SlMMAIT 

The 2' x 1" NTMS quadrangle of Susanville,  Cal i fornia ,  w a s  surveyed as 

p r t  of a subcontract covering t e n  (10) areas  located over northern Cal ifornia  

ad southwestern Oregon. These include the  2" x 1" quadrangles of Roseburg, 
Medford, Weed, Alturas,  Redding, Susanville,  Ukiah, and Chico along with t h e  

1" x 2' areas  of the  Cocs Bay quadrangle and the  Crescent ~ i ty /Eureka  areas  

combined. The subcontract covered the  f ly ing  of a t o t a l  of 16,880.5 l i n e  

a l e s ,  of which 1,642.8 miles a r e  i n  the  Susanville quadrangle. 

Four main bases of operations were used during the  survey. Eugene, 

Oregon, located just north of the  Roseburg quadrangle, was used frm the  

canmencement of operations through Pl ight  27 on August 22, 1980. Medford, 
Oregon, i n  the Medford quadrangle, was then used up through Pl ight  86 on 

September 19th. The a i r c r a f t  and crew then moved t o  Redding, California,  f o r  
operations through Fl ight  130 on October . 2, 1980. The f i n a l  base ' of 

operations was located at  Yuba City, California,  i n  t h e  Chico quadrangle. ? , . .  

Throughout the survey, extensive use w a s  made of both a f i e 1  truck and.;:::: 

smaller, secondary a i r s t r i p s  for  remote refuel ing s tops,  thus extending the::.;.. 

he l icopter ' s  e f fec t ive  production range. 

The first production f l i g h t  w a s  made on August 1 1 ,  1980. A t o t a l  of 143.. " 

f l i g h t s  were made with the last f l i g h t  being completed on October 9,  1983. 

Production f l i g h t s  were not possible f o r  twenty of the sixtg-one days t h e , .  

a i r c r a f t  and crew were on s i t e .  One day w a s  used t o  complete the high 

a l t i t u d e  ca l ibra t ion  f l i g h t ,  t e n  days were l o s t  t o  inclement weather 

conditions, six days were l o s t  t o  a i r c r a f t  maintenance, one day t o  electronic  

maintenance, and two days t o  t he  i l l nes s  of t h e  AGRS system operator. M a n y  of 
. these norrproduction days were used t o  c m p l e t e  the  three  moves to  new 

operations bases. A complete summary of da i ly  operations is given i n  Table 

11, pages 16, 17 and 18. 

Total flying time w a s  253.2 hours f o r  an average production r a t e  of 66.7 

miles p r  hour. An average of 1 18.1 miles were acquired per production f l i g h t  
and 41 1.7 miles were acquired each production day. When computed over the 

to+& m b e r  uf days on s i t e ,  data  acquisi t ion averaged 276..7 miles per day. 

F l igh t  l i n e  direct ions and s p c i n g  , f o r  the Susariville quadrangle were 

east-west t raverse l i n e s  6 miles apart  and north-south t i e  l i n e s  flown at 18 

mile intervals .  The nominal t e r r a i n  clearance f o r  the survey w a s  4CO f e e t .  



T A B L E  I1 

Daily Production Summary 

DATE - BASE - ACT M TY FLIGHT NO. 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

hbgene, Oregon 

Eugene, Oregon 

Eugene, Uregon 

Euc3;.ile, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregpn 

Medford , Uregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford , Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

lvledford, Oregon 

Medford, Oregon 

Ferry t o  Eugene, Ore. 

H i &  a l t i t u d e  t e s t  

Pr d u c t  ion 

WexLhelb 
Weather 

P r o d u ~ ~ i u n  

Abort - hdicopter 

Helicopter maintenance 

Helicopter maintenance 

Kelicopter maintenance 

Helicopter maintenance 

Product ion 

Pr d u c t  ion 

Production 

Weather 

Product ion 

Product ion 

Production 

Weather 

Production 

Pr d u c t  ion 41 , 42, 43, 44, 45 

Product ion 46 

Abort-cloud cover 47 

Production 

Weather 
Product ion 51 , 52, 53 

Product ion 54, 55, 56 

Weather 

Pr d u c t  ion 57, 58, 59, 60 



Daily Product ion Summary 

DATE BA'SE 

Medford, Oregon 

Maford, Oregon 

Medford, Oregon 

Medford , Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, Cali. fornia 

~ e d d i ~ ' ,  California 

Redding, California 

Redding, California 

Redding, California 

Redding, Califnrnia 

Redding, California 

Yuba, California 

Yuba, California 

Yuba, California 

Yuba, California 

ACTIVITY FLIGHT NO. 

Production then high winds 61, 62 

Magnetometer fa i lure  

then production ' 63, 64, 65 

Helicopter maintenance 

Product ion 66, 67 

Production 68, 69, 70, 71, 72 

Weather 

Weather 

Clouds and fog, then 

product ion 73, 74, 75, 76, 77 
Product ion 78, 79, 80, 81 , 82 

Production 83, 84, 85 

Product ion 86 

Weather 

Pr d u c t  ion 87, 88 

Product ion 89 

Product ion 93, 91, 92, 93, 94 

Production 95, '96,  97, 98 

Product ion 99, 100, 101, 102 

Product ion 103, 104, 105, 106 

Product ion 107, 1 0 8 ,  109, 110, 111  

Product ion 112, 113, 114, 115 

P r d u c t  ion 116, 117, 118, 119 

Product ion 120, 121 

Product ion 122, 123, 124, 125 
Production 126 

Product ion 12'7, 123, 129, 130 

Operator sick 

Operator sick 

Product ion 131, 132, 133, 134 

Product ion 135, 136, 137, 139 

Production 139, 140, 141, 142, 143 



Daily Prduc t  ion 311mmary 

DATE - BASE - ACTIVITY 

10/07/80 Yuba, California , Product ion 

1 0/08/80 Yuba, California P r  d u c t  ion 

10/09/80 Yuba, California Product ion 

FLIGHT NO. 



Figure 4 shows a histogram of the  t e r ra in  clearance ar the helicopter as 

recorded by the  radar altimeter. The histogram takes in to  account a l l  final 

samples in t h i s  quadrangle. The mean t e r ra in  clearance, as  observed, i a  
apvoximately 400 feet.  The ground speed of the  aircraft, as determined from 
the distances between samples based on t h e i r  final X-Y positions, is depicted 
i n  graghic form i n  the histogram of Figure 5, page 21. 
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DATA REDUCTION 

The data reduction process as used i n  the  processing of the  airborne 

-ray spectrometer and magnetometer data obtained within t h e  Department of 

Energy (DOE) National Uranium Resource Evaluation (NIJRE) program is shown i n  

flow chart  form i n  Figure 6,  page 24. 

Upon a r r i v a l  i n  the Houston o f f i ce ,  t he  d i g i t a l  data a r e  edited and a 

back-up tape is generally produced. The EDIT cons is t s  partly of a -  da t a  

qual i ty  check, enabling the  elimination of s ing le  record spikes i n  any f i e l d ,  

outside a specified preselected l imi t .  The EDIT program fur ther  checks f o r  

da t a  continuity and flags all data acquired at t e r r a i n  clearances exceeding 

the  survey specif icat ion.  The EDIT M h e r  sums a preselected number of 

spec t ra l  records at the  beginning and end of .each survey l i n e  and f i t s  a 

gamsian curye t o  d i w o s t i c  photopeaks, such as t h e  ~1~ peak at 2614.5 KeV 

ard the fl pak at 14-60 KeV f o r  low a l t i t u d e  l i n e s  and the  annihi la t ion peak 

at 511 KeV and t he  @ peak at 1460 KeV f o r  high a l t i t u d e  l ines .  The posi t ion 

of these photopeaks is determined with an accuracfof be t t e r  than 0.1 of a 

channel and is used t o  determine the exact posi t ion of the  energy windows with 

regard t o  channel numbers. A t  the  same time the  calculated standard 

deviations of the  f i t t e d  gaussian curves serve t o  obtain the  system resolution 

at the  photopeaks used. Note t h a t  t he  2~r system resolutions as  determined at 
the  I@ photopeak proved t o  exceed the  & spec i f ica t ion  throughout much of t h e  

survey. This w a s  most l i k e l y  due t o  a small crack i n  one of the two   IT 

c rys ta l s .  However, t h i s  condition proved not t o  adversely a f f ec t  t h e  

acquisi t ion o r  reduction of the  radiometric data and it was'decided, a f t e r  

consultation with BFEC, ' n o t  t o  replace the c r y s t a l  i n  the  in t e re s t  Of 

expediting the  completion of the  survey. .The window count r a t e s  a r e  

normalized f o r  l i v e  time and a r e  calculated is follows: 

K : 1362 KeV - 1566 KeV (Channel 114 -k 1 3 0 ,  8 12 ~ e ~ / ~ h a n n e l )  

U : 1662 KeV - 1866 KeV (channel 139 -k 155, 8 12 ~ e ~ / ~ h a n n e l )  

T : 2406 KeV - 2826 KeV (channel 201 -k 235, @ 12 ~ e ~ / ~ h a n n e l )  

T.C. : 393 KeV - 2982 KeV (channel 33 4 248, @ 12 ~ e ~ / ~ h a n n e l )  

Cosmic : 3054 KeV - 6 0  KeV (channel 255) 

u2 : 1662 KeV - 1866 KeV (Channel 139 4 155, @ 12 ~ e v l ~ h a n n e l )  

The above channel rnunbers a r e  valid only if system @in corresponds 



Figure G 



.exact ly  t o  12 KeV per  channel a d  there  is no zero s h i f t .  

The CORRECT program appl ies  the  background and cosmic corrections t o  t h e  

s ingle  record window count ra tes ,  cor rec ts  the  data fo r  Cmpton s c a t t e r  and 

atmospheric radon, and normalizes the  t e r r a i n  clearance. Background count 

r a t e s  and cosmic fac tors  were determined frm high a l t i t u d e  t e s t  data acquired 
over t he  Pac i f ic  Ocean, offshore California.  

Potassium Background = 50.04 counts per second 

Uranium Background = 8.21 counts per second 

Thorium Background = . 7.26 counts per second 

Total  Count Background = 286.06 counts per second 

27r B i m t h  Background = 0.81 counts per second 

Potassium Cosmic fac tor  = 0.250 c.p.s. per count 4n cosmic 

Uranium Cosmic f ac to r  = 0.202 c.p.s./cps 4n cosmic 

Thorium Cosmic f ac to r  = 0.278 c.p.s./cps 4n cosmic 
Total Count Cosmic f ac to r  = 4.438 cOp.s./cps 4n cosmic 

27r Bismuth Cosmic f ac to r  = 0.0505 c.p.s./cps 4~ cosmic 

The Compton s c a t t e r  functions were determined frm data obtained over t he  

Grand Junction t e s t  pads, using the  radiomekric analysis of the  bulk sample' 

with natural  water content. 

T/U = T = 0.08 
U/T = a = 0.30 + 0.02 + 0.000076H 

K/T = B = 0.37 
K/U = Y = 0 . 9  

The 2n and 4n uranium window count r a t e s  a r e  related through the  

geometric o r  equivalency fac tor .  For t he  present system, i n s t a l l ed  in t h e  

Sikorsky S-58T, t h i s  f ac to r ,  f = 5.1 . Part  of the  t e r r e s t r i a l  radiat ion of 

energy higher than 1662 KeV - the lower threshold of the uranium window - is 
detected i n  the uranium window of t he  u y a r d  looking detector ,  due t o  

incomplete shielding,  skyshine and shine-around. This shine-throughlshine- 

around e f f ec t  is assumed t o  be a function of both the  in tens i ty  of t he  

t e r r e s t r i a l  uranium and thorium radiat ion and of the  a i r c r a f t  t e r r a i n  

clearance. From mult i-alt itude da t a  acquired over the Lake Mead Dfnamic Test 

Range the shine-through/shine-around e f f ec t  w a s  determined fo r  each a l t i t u d e  



l eve l .  The data provided a bes t  f i t  f o r  a l i nea r  t e r r a i n  clearance function ,I 
as follows: 

shin+throu&/shine-around = (0.067 - 2.6 x I O - ~ H )  (u4= + 0 . 3 ~ ~ ~ ~ )  

The shine-thraugh/shine-around corrected B ia i r  Count r a t e  is then: 

The shinc+through/ohine-around correction is applied Lu Lhe U2= count 
rate at each s ingle  record. The s ingle  record U2, count r a t e s  are then 
avertgod ovcr 35 rocordo ts make them s.tal;isLicdly cumpt ib le  with the data  

of the p r a m  system. The a.lmspheric radon correct ion is applied t o  both 

t h e  U4 and t h e  Tota l  Count count ra tes .  The equivalency fac tor '  f o r  the 
'TI 

u4'TI 
/ u * ~  = 5.1 , f o r  Total  ~ o u n t / U ~ ~  it is 73.5. 

Within t h e  CORRECT program the  data a r e  normalized t o  a c m o n  datum of 

400 f e e t  t e r r a i n  clearance. An exponential formula is used, based on an air 

column reduced t o  a standard temperature and pressure of 0°C and 7 6 h  M g .  

( 3 2 " ~  aid 29.92" Hg). The air absorption coef f ic ien ts  used a r e  those derived 
from the multiple a l t i t u d e  flight over the Lake Mead Dynamic Test Range fo r  

thorium, potassium ard Total Count. The air absorption f ac to r  f o r  uranium is 
obtained by s t r a i g h t  interpolat ion between the  potassium and thorium air 

a tsorp t ion  fac tors .  Their v d i ~ e s  a,re respectively: 
1. 

"K = 2.67 x per foot 

= 2.52 x per foot 

= 2-11 x 10-3 p?r foot  

bc = 2.i6 x 10-3 per  foot  

The formula'used f o r  the a l t i t u d e  normalization is: 

Where NW, N a r e  respectively the count r a t e s  at 400 f e e t  and at a l t i t u d e  

H, p is air 'absorption f ac to r ,  t is temperature i n  degrees Celsius and P i s  

barometric pressure i n  inches Kg. 

The last operation i n  the CORFiECT program is the determination of 



s t a t i s t i c a l  adequacy of the  data. The c r i t e r i a  f o r  adequacy of the  da ta  a r e  

based on the  work of Lloyd A. Currie (op.ci t . ) .  A c r i t i c a l  l eve l  is 

recognized, below which all obsel-vations made fail t o  detect  a s igna l ,  i . e .  

95s of all measurements f a l l  within the  "no'rmall' d i s t r ibu t ion  of "noise". The 

detect ion l eve l  is s imi la r ly  defined as the l eve l  above which 9% of t h e  

measurements made fall within the normal Poisson d is t r ibu t ion  of "signal1'. 

h r i e ' s  c r i t i c a l  l eve l  has been adopted as the  count r a t e  l e v e l  below which 

data a r e  inadequate. Dat,a with 'count r a t e s  above the  c r i t i c a l  l e v e l  but below 

the  detect ion l eve l  a r e  considered marginal. Above the detect ion l eve l  da t a  

a r e  considered adequate. For the  s ingle  record da ta  the  formulas a r e  then: 

C o u n t  Rate - < 2.33 (Sum correct ions)  '12 : d a t a  inadequate 

2:33 (Sum Corrections) '12 < Count Rate - < 2.71 + 4.65 (sum Corrections) 'h : 
d a t a  marginal 

Count Rate > 2.71 + 4.65 (sum correct ions)  '12 : d a t a  adequate 

No r a t i o s  have been calculated involving . inadequate data i n  e i t h e r  

numerator o r  denominator. Ratios have been calculated when the  data i n  t h e  

numerator a r e  marginal, provided the data i n  the denominator a r e  adequate. 

The thorium, uranium arxl p ta s s ium da ta  a r e  subsequently averaged over 9 
records i n  t h e  SPECAVG program. The output is a spectrometer master tape 

containing both averaged and s ingle  record data. 

.Pa ra l l e l  with the  radiometric data reduction process, the  magnetic da t a  

a r e  edited and processed. Using the  recovered f i lm intersect ions and the  

. established ground iden t i t i e s ,  preliminary f l i g h t  paths a r e  prepared. The 

f l i g h t  path is 'i'&iried i n  t he  magnetic adjustment program u n t i l  an accurate 

f i n a l  f l i g h t  path has been obtained. The reduced spectrometer da ta  a r e  then 

merged with the f i n a l  .X-Y posi t ion of. the  data points,  t h e  reduced magnetic 

data and the d ig i t ized  geology, and a master tape is produced with data  t h a t  

per ta in  to  each quadrangle only. The RGROUP program then eliminates all 

duplicate l i n e  segments, i n se r t s  r e f l i gh t  segments where r'equired, orders the  

remaining l i n e  segments a d -  renumbers t he  f iduc ia l s  of these segments such 

t h a t  the resu l t ing  l i n e  is d i rec t iona l ly  consis tent  with loca t  ion sequent ial  

sample numbers. The renumbered f iduc ia l s  increase fram west t o  ea s t  f o r  

t raverse l i n e s  and south t o  north fo r  t i e  l ines .  A l i s t i n g  r e l a t i ng  the  

renumbered f iduc ia l s  t o  the or ig ina l  f i duc ia l  numbers as recorded i n  f l i g h t  is 



included i n  t h i s  volume as Appendix N and can a l so  be found i n  the back of 2 
Volume 11. This l i s t i n g  gives both '  the  l i n e  number as it appears on all f i n a l  

d a t a  d t h e  l i n e  number as recorded i n  f l i g h t .  Similarly,  t he  start and end 

. f i d u c i a l s  of each f i n a l  l i n e  and/or l i n e  segment shown on the  f l i g h t  path base 
map a r e  given along with the corresponding start and end f iduc ia l s  as recorded 

i n  f l i g h t .  When correlated with the  f i n a l  f i d u c i a l  numbers, the or ig ina l  

f i d u c i a l s  w i l l  increase sequent ial ly  f o r  l i n e s  flown west t o  ea s t  or  south t o  

north and decrease for  l i n e s  flown i n  the  opposite direct ions.  

The followin& processing s t eps  are STATANAL and l'EYlERM. IIISTCRM groups 

the  radiometric data by geological c e l l  un i t s ,  determines the d is t r ibu t ion  of 
t h e  data as n o d  or lognormal', ca lcu la tes  the  mean ( f o r  normally dis t r ibuted 

data) or  t he  mode ( f o r  logr~oraal  d i s t r ibu t ions)  as well as the standard 

deviations.  The r e s u l t s  from HISTGRM a r e  used i n  the  STATANAL program, which 

ca lcu la tes  t he  signed standard deviation frm the  mean fo r  each averaged 

sample f o r  each of t h e  six radiometric parameters. Its output is the  Final  

Spectrometer Master Tape, f r m  which the  anomaly maps, the  statistical 
analysis tape,  t h e  averaged record and s ingle  record reduced data taqes and 

listings, the  fliat path maps and the  radiometric and magnetic prof i les  a r e  

produced. 



DATA PFU3SlNTATION 

General 

The final da ta  a r e  presented i n  four d i f f e r en t  forms: on magnetic tape; 

on microfiche; i n  graphic form as prof i les  and histograms; and i n  map form as 

anmaly  maps, f l i g h t  path maps, and computer p r in t e r  maps. 

The histograms and the  multiparameter prof i les  a r e  presented with t h e  

anomaly maps ad f l i g h t  path map i n  a separate  bound volume. Complete data 

listin@ of both the  reduced ' s i n g l e  record and the reduced averaged record 

da t a  a r e  found i n  t he  back of t h i s  report.  The format of the  pr intout  of t he  

microfiches and the f o m t  of the 'data  f i l e s  delivered on magnetic tape a re  i n  

accordance with the specif icat ions of the  B'FEC 1 2 0 - C  and a r e  described i n  

appendices F through L of t h i s  report.  

Radiometric Mult iple-Parameter Stacked P ro f i l e s  

The radiometric p ro f i l e s  have been prepared at the  horizontal sca les  of 

1 :250,003 and 1 : 5 0 0 , 0  on an automated f la tbed p lo t te r .  Displayed a re  from 

top to  bottom: total magnetic in tens i tg ,  IGFP removed, i n  gunmas; radar 

al t imeter ,  i n  f ee t ;  r a t i o  of eT concentration i n  ppm/potassium concentration 

i n  $; r a t i o  of ~ u / K ;  eu/& r a t i o ,  atmospheric radon (BUC) i n  counts Fer 

second, equivalenced t o  t h e  4~ count r a t e ;  apparent concentration of 

t e r r e s t r i a l  eT i n  ppm, apparent concentration of t e r r e s t r i a l  eU i n  ppm; 

apparent concentration of potassium i n  $; "Total Count" count ra te .  Flags a r e  

i rd ica ted ,  where needed, below the  base l i n e  of the corresponding parameter. 

A shor t  f l a g  indicates  marginal data,  including t e r r a i n  clearances between 700 
ad 1 0 0 3  f e e t ,  while a long flag indicates  inadequate data.  Piducial markers 

a r e  plotted every 2CQ records, along the top of the  prof i le ,  every 10 records 

near the  bottom. 

The f l i g h t  path ad t he  geologic formations overflown along the l i n e  a r e  

shown on the  b o t t m  of both the radiometric and magnetic multiple-parameter 

stacked prof i les  below the  lower f i duc ia l  markers. Six t i e r s  of formation 

iden t i f i e r s  along with shor t  markers on the  f l i g h t  l i n e  a r e  used t o  indicate  

changes along the p ro f i l e  with the  base of the  i d e n t i f i e r  l e t t e r s  aligned with 

the corresponding marker. The f i r s t  ident i f ie r  found on the  westernmost end 

of the prof i le  appl ies  t o  the  start of t he  l i n e  and t h i s  formation continues 

u n t i l  the  next marker is encountered. Subsequent changes t o  the geology a r e  



s imi la r ly  indicated along the  prof i le .  

Magnetic and Ancillary Parameter Stacked Prof i les  

The magnetic prof i les  have a l so  been plotted at sca les  of 1 :250,030 and 

1 :500,OCO on & zoltomated f la tbed p lo t t e r .  The p lo t t ing  sequence of the 
prof i les  is, frm top t o  bottom: barometric pressure at a i r c r a f t  a l t i t u d e  i n  
mm Hg; atmospheric ambient temperature i n  degrees Celsius,  t e r r a i n  clearance 

i n  f e e t ;  magnetic var iat ions at base s t a t i on ,  i n  gammas; t o t a l  magnetic 

in tens i tg ,  IGRF removed, plotted at 50 gunmas p r  sca le  division. Fiducial 

markers a r e  a g d n  plot ted every 200 records along the  top of the  ' p ro f i l e s ,  

every. 10 recw~ds I I ~ U  - L h e  bul;,t,orn. 

Histograms 

H i s t o g r a m s  have been prepared f o r  t h e  six radiometric parameters f o r  each 

geologic c e l l  u n i t  of t h e  N T E  quadrangle area. The horizontal scale  of the  

p l o t s  is constant f o r  each of t he  parameters. Frequency grouping has 

g n e r a l l y  been done i n  1 0 0  groups per f u l l  scale ,  alth- i n  some cases more 

groups may have been used f o r  b e t t e r  def in i t ion .  I n  all cases the ve r t i ca l  

sca le  w a s  normalized t o  the  number of samples observed i n  the group with the 

highest sample frequency. 

For each histogram the  frequency d i s t r i bu t ion  type (normal or  lognormal) 

is l i s t e d ,  as well  as the  mean (o r  mode i n  case of lognormal d is t r ibu t ion)  and 

the  signed standard deviations. Note $ha+ f o r  b s t l ~  the normal and lagnormal 

d i s t r i bu t ion  curves t he  standard deviation is given i n  terms of the  parameter - 
value (K, eU, 8 ,  ~ u / K ,  &/eT and ~ T / K ) .  The actual  standard deviation is 
obtained by subt rac t ing  the  mean parameter value f r m  t h e  +1 standard 

deviation f igu re  i n  case of a normal d is t r ibu t ion ,  by dividing the mode value 

in to  the  +1 standard deviation f igu re  i n  case of a lognormal dis t r ibut ion.  I n  

case of lsgnormal d i s t r i bu t ion  curves the  standard deviation is thus a 

m l t i p l i o a t i o n  fao tor .  

Each histogram f u r t h e r  lists the  t o t a l  number of samples ohserved i n  the 

geologic un i t  and the number of s t a t i s t i c a l l y  adequate/marginal data  samples 
i n  each parameter p lo t .  

Anomaly Maps 

The anmaly  maps have been prepared at sca l e s  of 1 : 2 5 0 , 0  and 1 : 5 C O , 0  



on an automated f la tbed p lo t t e r .  The f iduc ia l  numbers along the  f l i g h t  l i n e s  
match those of the corresponding prof i les .  Posi t ive signed deviations of t h e  
mean a r e  indicated by a plus sign t o  the north o r  west of the  f l i g h t  l i nes ,  
while negative signed deviations a r e  indicated by a minus, plotted t o  t h e  
south o r  ea s t  of the  l ine .  The number of pluses or  minuses corresponds with 
the  leve ls  of standard deviation from the  mean. To avoid crowding, standard 
deviation signs a r e  calculated and plotted f o r  every f i f t h  sample only. 

Computer P r in t e r  Maps 

Camputer p r in t e r  p lo t s  a r e  produced f o r  the  to t& f i e l d  and the six 
radiometric channels. U p p r  and lower l imi t s  were chosen based on the  minimum 
ard maximum values of the gridded data.  Ten in te rva ls  a r e  represented by t h e  

contour values 0 t o  9. A minus (-) o r  a plus (+) s ign  represents those values 

l e s s  than the  l m e r  l i m i t  o r  those values higher than the  upper limit. 

The in t e rva l  fo r  each integer  contour is fu r the r  divided in to  two 
groups. 'For those values l e s s  than .5, the  contour is printed; e.g. f o r  

values 4.0 t o  4.5, the  value 4 is printed, while values of 4.6 through 4.9 a r e  
l e f t  blank. 



GEOLOGY 

General 

The Susanville quadrangle is located i n  northern California and occupies 

the area between 40" and 41 " north l a t i tude  and 120" t o  122" west longitude. 

Drainage i n  the area  forms a dendritic pat tern with most of the water being 

drained in to  the  P i t  River and the t r ibu ta r i e s  of the  Sacramento River. Many 
.small streams drain inward toward the center of the quadrangle f i l l i n g  lakes, 

among which Honey Lake, Lake Almanor and Eagle Lake are the most prominent. 

Topography varies  great ly over the map area and portions of f ive  northern 

California geomorphic provinces are  contained within the borders of the  

quadrangle. The west and central  portions include prt of the Cascade Range 

Province where elevations reach over 10,030 fee t  at  Lassen Peak, an act ive 

volcano. Deep canyons also accent the topograpw i n  t h i s  province, especially 

along the course of the  P i t  River t o  the north. 

The Modoc Plateau comprises a broad northeastern swath across the 

Susanville quadrangle. With elevatom from 4CCO t o  6aX> f ee t ,  t h i s  southern 

extension of an Oregonian lava f i e l d  is characterized by sluggish in ter ior  

drainage, small lakes and marshlands. 

Catching just . 'the north and southeastern corners of the map area, the 

Basin-Ranges province is a network of a l te rna t ing  ridges and valleys tgpical 

of a step-faulted structural terrane. 

The central  southern border of the quadrangle includes the northern 

extent of the  S ie r ra  Nevada Province, a vast t i l t e d  fault block, which 

present& a formidable escarpment to the west and a gradual sediment collecting 

slope t o  the east .  Topography i n  the  S ie r ra  Nevada is very rugged due t o  

severe canyon-fo rming r iver  erosion and g lac ia l  sculpturing. 

A very small portion of t he  Great Valley Province crosses the  

southwestern corner of the quadrangle contributing l i t t l e  t o  the geology of 

the map area. The broad sedimentary basin overl ies  a deeply buried 

synclinoriun formed by eastward dipping Cenozoic metasediments on the west and 

the  westward dipping sediments of the  S ie r ra  Nevadas. 

S t r a t  igraphy 

Stratigraphy i n  the Susanville quadrangle is most conveniently viewed 



with regard t o  sections occurring i n  the various gemorphic provinces. Rocks 
of the Cascade Range include mostly Pliocene vol.mnics, andesite, basalt and 

pyroclastics. Miocene, Pleistocene and Recent volcanics comprise a lesser 

constituency. Some upper Cretaceous metasediments are exposed along 

dissect ing river channels. Quaternary f luvia l  deposits occur throughout the 
area. 

Similar t o  the Cascade Range lithologies, the rocks of the Modoc Plateau 
Province a re  predominantly young volcanics and volcaniclastics from Miocene t o  

Recent volcanism. TerLiary heus t r ine  deposits occur within marry of the 

shallow regional basins and Quaternary f luvia l  sediments and nomaiine 

terraces liiie w s l  uf the drainage System. 

Tertiarjr and Qw;tcmaq heustrine, u ~ ,  Lerrace and pSfI'6clastic 

deposits a re  mapped over much of the surface i n  the Basin-Ranges area as it 
occurs within t he  Susanville quadrangle. Intrusives and volcanics from the 

Mesozoic through the upper Tertiary interrupt the section locally. 

A variety of metasediments and metavolcanics of Triassic and Jurassic age 

comprise the bulk of the lithologies i n  the map area. To a lesser extent 

Silurian, Mississippian and Permian marine metasediments and metavolcanics 

occur l oc4 ly .  Mesozoic grani,tes and nl t rabmic  pLuton~ intmdc thc sequence. 

The geologic map of California, Westwood sheet, w a s  used here in the 

correlation of the geologic and radiometric data.  A brief description fn310: 

for each strat igraphic unit onmirri ng within the S ~ z ~ ~ m v i l l e  quadrangle, 

beginning with the oldest. 

Silur'ian Marine Sedimentary and Metasedimentary Rocks (s) 

The marine sediments and mstn~ediman.+s t r f  3ilu-.iai agu uumiot chiefly of 
s l a t e ,  g r v a c k e ,  mudstone and si l ts tone.  'Locally, there onwr e i t t y  t o  

conglomeratic beds and also metamorphosed dikes and sills of undifferentiated 

rock types .  

Mississippian Marine Sedimentary and Metasedimentary Rocks (Cm) 

The marine sediments and metasediments of ~ i s s i s s i ~ ~ i a n  age are comprised 

of metamorphosed shale, chert, mudstone and sandstone which are often 

characterized by conglomeratic or tuffacems beds. Metavolcanic flows of 

undifferentiated type occur locally throughout the area. 



Permian Volcanic Rocks (h v) 

A variety of Permian age volcanic rocks occur in  the area. They 

generally consist of augite-andesite, metabreccia, metatuff, keratophyre 

porphyry sills or flows and diabase and amphibolitic rocks. This section is 

further characterized by locally interbedded carbonates. 

Permian Marine Sedimentary and ~e t a sed imen ta r~  Rocks (fh ) 

The Permian marine sediments consist tgpically of locally fossi l iferous 

limestones, mudstone and chert. The rocks of t h i s  section occurring in the 

Susanville quadrangle also include tuff, s l a t e ,  quartzite and some 

metavolcanic breccia and conglomerate. 

Palezoic Metavolcanic Rocks (h) 

The Paleozoic metavolcanics. of the area include metakeratophyre, 

metamorphosed t u f f ,  a t e - a n d e s i t e  breccia with locally occurring 

undifferentiated volcanic sills and flows. 

Paleozoic Marine Sedimentary and Metasedimentary Rocks (2) 

Interbedded phyll i te ,  a rg i l l i t e ,  s l a t e ,  quartzite, metagraywacke, 

metachert and chlori te  or hornblend schis ts  comprise the Paleozoic marine 

sediments. Also occurring very locally are  beds of crystal l ine limestone and 

dolomite ( 1s) . 
Pre-Cretaceuus Metavolcanic Rocks (mv) 

The p rd r e t aceous  metavolcanibs in  the area cons?st of massive 

amphibolite, chlorite schist and tuffaceous schist  which are locally cut by 

metamorphosed diabase dikes. &muring more rarely are beds of metachert, 

a r g i l l i t e  and limestone. 

Pre-Cretaceous Metamorphic Rocks, Undifferentiated (m-1s) 

The undifferentiated metamorphic rocks of pre-Cretaceous age consist of 

chert,  metaquartzite, locally graphitic and micaceous phyllites and schists.  

Also occurring more rarely are  beds of dolomite and limestone (Is). 

Jurassic and/or Triassic Metavolcanic Rocks (J%v) 

These metavolcanic rocks include metadacites and meta-andesites which 
occur as sills and flows. Also occurring are volcanic breccias and locally 

fossi l iferous tu f f .  In the Chico quadrangle to  the south, the metavolcanics 



a r e  comprised of amphibolites, metabasalt and rhyol i te ,  quartz and hornblende 

porphyries. t - 
Triass ic  Marine Sedimentary and Metasedimentary Rocks ( 3 )  

The Tr i a s s i c  marine sediments consis t  of interbedded limestone, sandstone 

and sha le  with loca l ly  occurring hornfels,  quar tz i te  and volcanic 

conglomerate. 

Mesozoic Ultrabasic  In tms ives  (ub) 

The 1.1ltrabasic intrusive's af Mesozoic: age which occur in the area are 

l a rge ly  serpentinized per idot i te ,  pyroxenite and dunite. Talc s ch i s t  and 

soapstone occur only loca l ly .  

Middle and Lower Ju ra s s i c  Marine 3edimntarg an11 

u eta sedimentary Rocks (Jml) 

Middle and lower Jurass ic  marine sediments include a r g i l l i  t e s ,  tuffaceous 

sandstone and shale ,  along with loca l ly  fo s s i l i f e rous  limestone. S la tes  and 

metaconglomerates general ly  c m p r i s e  the  metamorphic rocks. 

Upper Ju ra s s i c  Marine Sedimentary and Metasedimentary Rocks ( Ju)  

The upper J i r a ~ ~ i c  marine ' unit  consis ts  largely Qf shale  and s l a t e ,  

p w l l i t e ,  Bedded t o  iijaSSive s d s t o n e  aML graywacke interbedded with local ly  

f oss i l i f e r a r s  tuff. 

Mcoozoic Grani t ic  Roch ( g r )  

Granit ic  r o c b  of the Mesozoic include varying sized pods and plugs of 

gabbro, d i o r i t e ,  trondhjemite, granodiorite,  t o n a l i t e  and quartz monzanite. 

Upper Cretaceous Marine Sedimentary Rocks (KU) 

The marine sediments of upper Cretaceous age consis t  of interbedded 

sandstone, sha ie  and l oca l ly  massive conglomerate. The sequence is loca l ly  
fo s s i l i f e rous  i n  the  Susanville quadrangle. 

Ter t ia ry  Volcanic Rocks (TV) 

The volcanics of the Ter t ia ry  period i n  the  a r ea  a r e  comprised of l i g h t  

colored andesi te  flows (Tva), basa l t i c  flows and plugs ( T V ~ ) ,  and loca l ly  
pyroclast ic  tuffs and breccias ( T V ~ )  and rhyol i t ic  rocks (Tvr). 



Tertiary Intrusive Rocks ( ~ i )  

Intmsives include rhyolite plugs ( T i r ) ,  andesitic breccias (Tia) along 

with basaltic dikes and plugs ( T i b ) .  . 

Tertiary Lake Deposits (TI)  

The Tertiary lake deposits in  the area include argillaceous - t o  arenaceous: 

sandstones with local  volcanic ash or tuff .  

Tertiary Nonmarine Sedimentary Rocks (TC)  

Nonmarine sediments are characterized by auriferous gravel deposits which 

are locally interbedded with sandstone and conglomerate. 

Eocene Volcanic Rocks (Ev) 

Black olivine col-ar hsalt flows (Evb) cmprise most of the Eocene 

volcanics. In the Chico quadrangle t o  the south, however, rhyolite and 

andesite tuff  and .breccia occur locally, associated' with volcanic sandstone 

and conglomerate. 

Eocene Nonmarine Sedimentary Rocks (Ec) 

Arkosic sandstones, quartzomicaceous sandstones, shales and conglmerates 

comprise the bulk of the Eocene nonmarine sediments. In the Susanville and 

Chico quadrangles auriferous gravel deposits occur locally. Thin coal veins 

make up part of the section i n  the  Redding quadrangle, locally. 

Oligocene Volcanic Rocks (Ov) 

Oligocene volcanic rocks vary i n  composition and include rhyoli t e s  (ovr ) , 
andesites (Ova), bssalts  ($vb) and pyroclastics ($vp).- 

Miocene Volcanic Rocks (MV) 

Rhyolite (Mvr)' and .andesite (Mva) flows with local thin layers of tuff 

and obsidian, often associated with pyroclastic breccias and mudflows ( M V ~ ) ,  

make up the section of Miocene volcanic rocks throughout most of the area. .In 

addition, extensive black basalt ic  flows ( M V ~ )  occur in the S~sanv i l l e  and 
Alt.wg& qMra,gles. 

Pliocene Volcanic Rocks (PV) 

The Pliocene volcanics i n  the-Chico, Susanville and Alturas quadrangles 

consist of rhyolites (pvr), andesites (pva), basalt ic  flows and breccias 



(pvb) , along wi th  pyroclast ic  t u f f s  ard mudflows (PvP). 

Undivided Pliocene Nonmarine Sedimentary Rocks (PC) 

Undivided nonmarine sediments i n  t h i s  quadrangle a r e  comprised generally 

of sandstones, s i l t s t o n e s  and gravel. 

Quaternary and/or Pliocene Cinder Cones (*) 

Locally ' b a s a l t i c  cinder cones occur i n  the  Susanville and A l t u r a s  

quadrangles and a r e  associated with volcanic tuffs i n  t h e i r  occurrence i n  the 

Chico quadrangle. 

P7,e istocene Volcanic Roolro (Qpv) 

b B m a l t i c  flm (Qpv ) gyroclastic (Q~vP) tuff.s ncn1.r thrmmout the 
a rea  i n  a l l  but t h e  Ukiah and Redding quadrangles. The Pleistocene volcanics 
i n  t he  Alturas, Susanville and Weed quadrangles a r e  comprised predominantly of 

andes i tes  ( ~ ~ 3 )  and rhyol i tes  (qpvr). 

Pleistocene Nonmarine Sedimentary Deposits (QC) 

Pleistocene nonmarine sediments consis t  g n e r a l l y  of fanglmera tes ,  

de l t a i c  sandstones, s i l t s t o n e s ,  gravel and clay. I n  t h e  Susanville,  Chico and 

Reddir?g quadrangles t h e  sediments a l so  include intercalated volcanic ash or  

debris.  

Recent Volcanic Rocks (Qrv) 

Basa l t ic  (Qrvb) , rhyoli  t i c  ( ~ r v ~ )  and pyroclast ic  (9rvP) volcanics occur 

throughout the  area.  Rocks i n  t h e  Susanville,  Alturas and Weed quadrangles 

a r e  fu r the r  characterized by the  occurrence of tuff, l a p i l l i ,  d loca l  

o b i d i a n  and cinders. 

Quatern8.r~ Nonwrine Te r rwe  Oeposita (at) 

The Quaternary nonmarine te r races  include r ive r ,  stream and lake te r race  

deposits,  d o n g  with some fang1 nmerates, d e l t a i c  wit ebogeweah deponi.tn. 

Quaternary Glacial  Deposits (Qg) 

Terminal and l a t e r a l  moraines, till and f luvoglacial  deposits along with 
l a t e r  assnciaked ~.c?~~.~.ml.~lations,  such OR bog and o o i l ,  make up the  -w jo l -  

Quaternary g l a c i a l  deposi ts  throughout the area. 



Quaternary Lake Deposits ( Q l )  

The Quaternary lake deposits include sand, silt, ash and loca l  

diatomaceous ea r th  i n  playa-like deposits i n  scat tered basins of i n t e r i o r  

drainage. This part of the  sec t ion  i n  the  Weed and Redding quadrangles a l so  
includes predominant g l ac i a l  lake deposits.  

Recent Alluvial  Fan Deposits i n  the  Great Valley (Qf)  

Alluvial f an  deposits ranging i n  age fram Pleistocene t o  Recent a r e  

carr ied by streams emerging frm hi& lands surrounding the  Great Valley. 

Recent Alluvium (Qal  ) 

Alluvial  silt t o  coarse gravel which is loca l ly  brecciated o r  

conglomeratic, occurs i n  t h e  Great Valley and is often associated with fan ,  

t e r r ace  o r  l oca l  lacus t r ine  deposits.  Recent alluvium i n  the  Susanville and 

Weed quadrangles also includes areas  of l oca l  g l a c i a l  outwash. 

Recent Dune and Coast Sand (Qs) .. 

Well sorted dune sand and older  eo l ian  sand occur along coastal  areas. 

Structure 

Faul t  l inea t ion  i n .  the  Susanville quadrangle indicates  a north-northwest , 
south-southeast s t ruc tu ra l  trend. Am% m q y  of the  major faults a re  t h e  

recent ly ac t ive  Likely Faul t ,  which t races  a l i nea r  pa t te rn  northeastward, t h e  

Honey Lake Fault ,  southwest of Honey Lake, and t h e  Fort  Sage Faul t ,  located 

southwest of Honey Lake, which w a s  act ive as recently as 1950. 

Many volcanic cones a r e  d is t r ibu ted  over the  north cen t r a l  portion of t h e  

quadrangle ' i n  the  Cascade Range Province; the  m s t  prminent  of these being 

Lassen .Peak and Crater Lake Mountain. Hot spring$. a s o c i a t e d  with modern 

the& a c t i v i t y  a r e  located,' primarily i n  the  southwestern part of t h e  

Susarwille quadrangle, especial ly  i n  the v i c in i ty  and south of Lassen Peak. 



General 

The airborne gum-rqy spectrcaneter survey is conducted i n  support of t he  
Deprtment of Energy's National Uranium Resource Evaluation (m) program. 

The primary purpose of the  survey is regional resource evaluation as opposed 

t o  loca l  anomaly ident i f ica t ions .  The in te rpre ta t ion  of the  radiometric data 

is directed towards determining zones d possible depletion of uranium which 

may have served as possible uranium sources, outlining areas of regional 

enrichment i n  uranium i d i c a t i n g  the  geological formations which a r e  mst 
l i ke ly  to be mineralized within a possible uranium province. 

The areas of possible uranium depletion/enrichment a r e  outlined with t h e  

a id  of anomaly maps, which have been previously described. Enrichment o r  

depletion of uranium on a regional sca le  is assumed t o  have taken place if the  

U/T and U/K r a t i o  values remain hi&er/lower than at l e a s t  one standard 

deviation above/below the  mean f o r  a dis tance of at l e a s t  a mile, provided the  

K, U and T count r a t e s  a r e  at the same time not l e s s  than one standard 

deviation below the  mean. One mile equals approximately 35 samples. 

The probabili ty of a geologic formation t o  be mineralized by a given 

element may be estimated f r m  the  dispersion of the  geochemical d i s t r ibu t ion  

curve ( i .e .  t he  smaller the  r a t i o  of the  standard deviation over t he  mean) t h e  

l e s s  the l ikelihood t h a t  an extremely high concentration af t h a t '  element 

ex i s t s  within t h a t  formation. Obviously, the opposite holds t rue  as well. 

The decision of both the  "favorabili ty" of a format-ion and of t he  

presence of a regional geochemical anomaly is influenced t o  a large extent b 
the  choice of the  geological c e l l  u n i t s  used i n  the cor re la t ion  of the  

radiometric and geologic data. 

The radiometric prameters  used i n  t he  present report are concentrations 

i n  par t s  per million of equivalent uranium and equivalent 'thorium and i n  

percent of potassium ard t h e i r  ra t ios .  The radiometric count r a t e s  of the  

hel icopter  borne A.G.R.S. ( ~ i r b o r n e  Gamma-Ray Spectrometer) system were 

cal ibrated at the  Lake Mead Dynamic Test Range against  sources of h o r n  

concentratiom of potassium, uranium .and thorium. The s e n s i t i v i t i e s  of t he  

A.G.R.S. system, normalized t o  4 0  f e e t  t e r r a i n  clearance at standard 

temperature and pressure are: 



Radioelement Count Rate 

Potassium 105 -71 
Uranium 12.05 

Thorium 7 -32 

Concentrat ion 

1 ppm eU 

1 ppm eT 

Geochemical Analys is 

For@-seven recognized rock uni ts  were encountered and sampled i n  the 

course of the  Susanville quadrangle survey. Most of these are rocks of 

volcanic ori.@'.n, which are by far the m a t  widcly exposed rocks i n  the w p  

aheet area. 

YIloCene b a s d l t s  (Pvb) are exposed i n  broad, i rregular  outcrop areas 

acrmo the  quadrangle. They cu~lu-Litute approximately ffirv p r c e n t  of the  

surf i c i a l  rocks, and they were sampled extensively ( 1 1 ,403 samples) . The 

histogram curves are  normal i n  the i r  distr ibution i n  all three spectral  

windows; however, the ptassium histogram indicates at l eas t  two peaks, and 
the  thorium histogram suggests an incipient second peak at a concentration of 
about 2.0 ppm. Inasmuch as there were m r e  than eleven thousand samples, it 
may be concluded that  there are two or more compositional facies comprising 

the Pliocene hmdts. 

The Pleistocene basalts (ppvb) a r e  also very widely exposed, mainly i n  a 

broad irregular  zone i n  the north center, weat of Eagle Lake and north of Lalcc 

Almanor. The hia+ogam ~wrves are rwI'ow and well defined i n  a l l  three 

spectral  windows. The thorium and potassium curves have normal distr ibution 

d the uranium curve has lognormal distr ibution.  The singularity of the 

peaks and the low order of dispersion indicates tha t  the Pleistocene b m a l t i c  
b extrusives (Qpv ) a r e  reasombly unifnnn i-n t h e i r  canposition, i n  oontrmt to 

the  Pliocene basal ts  (pvb). 

The Pliocene pyroclastics (PvP) a r e  characterized by sharply defined 

histogram distr ibutions,  with normal distr ibution in  the uranium and potassium 

spectral  channels and fognormal i n  the thorium channel. The mean elemental 

concentrat ions are  relat ively low, suggesting andesit i c  or basal t ic  general 

canpos i t ion .  

The Pliocene andesites ( M )  are  mainly exposed i n  irregular areas i n  the 

western p r t  of the  Susanville quadrangle. The histogram distr ibution curves 

a r e  lognormal i n  all three spectral channels and display extensive t a i l ing  



into higher concentrations. The thorium and uranium windows have dua l  p a k s ;  

the potassium window has three,  and possibly four peaks. Clearly the  Pliocene 
anlesi tes  (pva) a r e  composed several compositional tgps, possibly ranging 
from basal t ic  members t o  rhyol i t ic  members. 

The Pleistocene andesites, (Qpva), despi te  the  f q t  tha t  they have been 

sampled only seven hundred six times and therefore shar much more e r r a t i c  

histogram curves, a re  normal i n  t h e i r  dis tr ibut ions i n  all three spectral  

channels and they have considerably l e s s  dispersion than the  ~ l i o k n e  

wilesites (pva). It can be concluded tha t  t h i s  rock uni t  is essent ia l ly  

 omp posed af a s ingle ,  more or  l e s s  uniform, compositional type. 

Tert iary pyroclastics (TvP) outcrop i n  the  southeastern part  of the map 

sheet, south of Honey Lake and Tertiary andesites ('ha) i n  the center,  west of 

Susamrille. The former displays an in teres t ing  s e t  of histograms, lognormal 

in all three spect ra l  channels, with unusually lengthy t a i l i n g  into the higher 
2oncentrations. The Power concentrations show well defined peaks. The 

Tertiary andesites ( T V ~ ) ,  althmpJ they were not sampled extensively ( three  

nundred forty-five samples), have generally well defined peaks, normal i n  

3 i s t r  ibut ion, closely resembling the lower concentrat ions of the  pyroclast i c s  

in mean elemental concentration and dispersion. This implies tha t  the 

Tertiary pyroclastics a re  mainly andesi t ic  i n  t h e i r  composition, with minor 
:mponents of dac i te  atd rhyolite.  

Only one Holocene volcanic member was surveyed suff ic ient ly  f o r  

liscussion, t h e  Recent basalti'c extrusions ( ~ r v ~ )  associated with the act ive 

~olcanoes and cinder cones of the Mount  asse en' a rea  i n  the north center 'and 
~of-thwest . The thorium and uranium channel h i s t o g r w  have normal 

i i s t r ibut ion ,  with the low mean elemental concentrations character is t ic  of 

nafic rocks. The potassium spect ra l  channel is extremely irregular ,  and it 
suggests multiple Teaks. 

Only two intrusive rock types are  recognized as being exposed in  the 

b a n v i l l e  quadrangle, the Mesozoic grani t ic  rocks ( gr ) and the Mesozoic 

lltrabasic rocks (ub) . 
The Mesozoic grani t ic  rocks (g r )  outcrop in  a large faulted plug south 

uld west of Honey Lake, i n  the southeastern part of the quadrangle; It is 
?art of the Sierran batholith. The histogram curves show great  i r regular i ty  



ard lognormal d i s t r i bu t ion  on all th ree  spec t r a l  channels. A l l  t h ree  curves 

display t a i l i n g  i n t o  unusually high concentrations. The general aspect of t he  4 
histograms suggests t h a t  t h e  g ran i t i c  body is extremely heterogeneous in 

composition, with much magmatic d i f f e r en t i a t i on  having taken place. However, 

t h e  mean elemental concentrations a r e  very high, indicat ing t h a t  the  bulk of 

t h e  exposed g r a n i t i c  is, indeed, f e l s i c  i n  composition. 

The Mesozoic u l t r abas i c  in t rus ives  (ub) a r e  mainly exposed along the  

south cen t r a l  margin of the map sheet and they were not encountered fo r  mny 

samples. Nevertheless, they show the  low mean elemental concentral5or-m 

typicol  of mnfic and ultramafic campmition. The uranium and potassium 

histogram d i s t r i bu t ions  a r e  lognormal and display modest t a i l i n g  in to  

r e l a t i ve ly  higher concentrations, suggesting t h a t  components of t he  rock mass 
a r e  present t h a t  a r e  l e s s  mafic than the  bulk of t he  uutcrop; possibly the  

t a l c  sch is t s .  

The metamorphic basement is not widely exposed i n  the  Susanville 

quadrangle. A f e w  small areas  of outcropping pre-Cretacems metavolcanics 

(mv) were encountered near Lake Almanor i n  t he  south center.  The resul t ing 
histograms a r e  e r r a t i c ,  but they suggest t h a t  t he  source rocks a r e  homogeneous 

ard moderately mafic i n  c a n p s i t i o n .  The thorium and uranium spec t ra l  

channels are normal i n  d is t r ibu t ion  and the potassium channel is lognormal. 

A l l  th ree  have f a i r l y  low mean elemental concentrations and modest dispersion. 

The ~ u r a s s i c / T r i a s s i c  metavolcanics (J%v) a r e  a l so  exposed in the south 

center ,  i n  an  i r r egu la r ly  shaped b e l t  trending northwest-southeast between 

Lake Almanor and  one^ Lake. The histogram t races  a r e  extremely e r r a t i c ,  with 

grea t  dispersion on all three  spec t r a l  channels. The indicat ion is tha t  t h i s  
mapped un i t  includes a wide raw of rock types, with andes i t ic  components 

predominating. Thio i o  comis tont  with the p t r o l o g i o  desoription af the 

u n i t  . 
Sdimen twy  socks we not widely a~ggsed i n  t he  Susmvi l l e  q~ l ad rq l e .  

The m a t  abundantly sampled a r e  t h e  Quaternary lake deposits ( Q l ) ,  which 

outcrop i n  a large a rea  i n  the northeast acrcss the Madeline Plains ,  and i n  

t h e  southeast i n  Honey Lake Valley. The histogram dis t r ibu t ions  a r e  normal on 
all three  channels, showing 'very broad dispersion, e r r a t i c  curve t races  and 

high mean element a1 concentrat ions. It indicates  t h a t  the lake deposits 

include many sedimentary f ac i e s  of var iable  composition. 



The Quaternary alluvium (Qal)  is exposed i n  many res t r ic ted  patches 

throughout the  quadrangle area. Histogram dis t r ibu t ion  is normal on t h e  

thorium spec t ra l  window and lognormal on the  uranium and potassium windows. 

Dispersion is l e s s  than t h a t  of the  lake deposit  ( Q l )  curves, and t h e  

individual histogram curves a r e  much l e s s  e r r a t i c .  There is a h in t  of a 

secondary peak i n  the r e l a t i ve ly  high concentrations on the  thorium and 

potassium histogram curves. Mean elemental concentrations a r e  lower than 

those of t h e  Quaternarg lake deposits (Q l ) .  The a l luv ia l  deposits a r e  

interpreted as being generally homogeneous, although the incipient  secondary 

peak i n  t he  higher concentrations suggests a minor included sedimentary 

fac ies .  The ave ra l l  camposition of the  Quaternary alluvium (Qal )  is l i k e l y  to  

be l e s s  f e l s i c  than t h a t  of the  bulk of t h e  QuAternary lake deposits. 

Other, generally older  sedimentary formations a r e  present i n  very 

r e s t r i c t ed  areas ,  but t h e i r  sampling frequency is not su f f i c i en t  t o  permit . 

re l iab le  evaluation. 
" - 

Cmputer 'Pr in te r  ad Ananaly Map Analysis 

Computer generated maps were prepared f o r  the  t o t a l  magnetic in tens i ty ,  

the  three diagnostic gamma radiat ion windows, and t h e i r  comparative r a t i o s  at 

a scale  of 1 :503,OCO t o  supplement the 1 : 2 5 0 , 0  standard deviation anamaly 

maps. The grid spacing of t he  1 :500,030 maps is one thousand two hundred 

seventy meters by two thousand one hundred seventeen meters. This coarseness 

of sampling precludes the poss ib i l i t g  of detai led interpretat ion.  

The generalized t o t a l  in tens i ty  magnetic map indicates  an overa l l  ill- 

defined northwest-southeast magnetic trend i n  the cent ra l ,  northwestern and 

southeastern prts of the quadrangle. The mst intense anomalies a re  i n  the  

south center ,  and a re  correlated with the  complex of metamrphosed volcanic 

rocks exposed southeast of Lake Almanor. Other areas  characterized by extreme 

leve ls  of magnetic in tens i tg  a r e  t he  Pleistocene basa l t i c  volcanics ( Q ~ V ~ )  

expsed  i n  the  northwestern and northeastern pa r t s  of the  map sheet.  Over 

these three  zones, the s t rength of t h e  Earth 's  f i e l d  exceeds 54,100 gammas. 

The loca l  magnetic r e l i e f  on the  Susanville quadrangle exceeds on thousand 

eight  hundred garmas. 

Study of the  standard deviation anomaly maps supplemented by the  

individual prof i les  indicates  the  presence of seventeen anomalies where 
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lXEND TO T O I K  FIELD MAT (GAMMA) 
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LM;END TO URANIUM/FOTASSIUM RATIO MAP 

CONTOUR VALUE LOWER LIMIT UPPER LIMIT 
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TABLE VIII 

LEGEND TO URANIUM/THORIUM RATIO MAP 

CONTOUR VALUE LOWER LIMIT UPPER LIMIT 
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thorium radiat ion is su f f i c i en t ly  intense t o  be singled out and four  anomalies 

a t t r i bu tab le  t o  uranium radiatiori. I n  addition, f i v e  O f  the  thorium radiat ion 
anmal i e s  a r e  accompanied by comparably intense radiat ion i n  the uranium 
channel. 

No s ingle  formation or  geologic un i t  q p e a r s  to  be a preferen t ia l  host 

fo r  deposits of radioactive elements on the  Susanville quadrangle. A 

preponderance of the  twenty-one anomalous fea tures  is correlated with volcanic 

formations, but t h i s  is presumably because volcanics cover, by far, most of 

the  map sheet area.  

Uranium anmaly  1 ,  i n  t h e  cent ra l  p r t  of the  map sheet ,  is associated 
with Quaternary alluvium (Qal )  i n  a small val ley west of Crater Lake 

Mountain. It is on l i n e  610, f i duc ia l s  26-2700. It is a sharply 

d i f fe ren t ia ted  uranium radiat ion spike, accompanied by a thorium radiat ion 

spike. The atnospheric bismuth count is very low at t h i s  f i duc ia l  in te rva l ,  
so t h a t  there is a poss ib i l i t y  of incorrect  atmospheric absorption. 

An~naly  2, on l i n e  3100, f iduc ia l s  17770-17793, a l so  displays an isolated 

uranium radiat ion peak, a comparable thorium peak, and modest U / T ~  and U/K 

anomalies. Its source is i n  the  Pleistocene basa l t s  (gpvb) and/or t he  

Quaternary alluvium (Qal )  south of Horse Lake i n  the  northeast.  
' 

Uranium anmal i e s  3 and 4 a r e  i n  the  south center ,  on l i n e  680, f i duc ia l s  
3840-3860 and 3980-40. Anomaly 3 is associated with Paleozoic sedimentary 

rocks (P) and Anmaly 4 with Mesozoic u l t rabas ic  in t rus ives  (ub) . Both haye 

isolated uranium radiat ion spikes and correspondingly s t rong  U/Th and U/K 

r a t i o  anmali e s  . 
Most of the  anma l i e s  a t t r i bu tab le  t o  increased thorium radiat ion a r e  

i r regular  increases over broad in te rva ls ,  and they have the aspect of 

disseminated formational enrichment ra ther  than poten t ia l ly  econmic localized 

deposits. However, Anomaly XIII,  on l ine  673, f i duc ia l s  5280-5400 and 

Anmaly XV, on l i n e  6€0, f i duc ia l s  4550-4580, a r e  so intense t h a t  they warrant 

fur ther  a t ten t ion .  Anomaly XIII, i n  the  southeast,  is correlated with 
Ter t ia ry  pryoclastics (TvP) and it has a c m p r a b l y  s t rong uranium radiat ion 

peak. Anomaly XV is i n  the  south center and it is correlated with 

Mississippian marine sediments (CM) . No appreciable uranium radiat ion is 
present. 
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Aero Symbol 

QS 

QAL 

-- 

a 
QG 

QT 

- 
- 
- 
QRVB 
QRVP 

QC 

QW 
QWR 
QPVA 
cam 
QWP 

__I 

PC 

- 
PVR 
PV'A 
PVB 
m 
- 
MVR 
MVA - 
MVP 

- 
- 
- 
- 
bvp 

Map Symbol 

Qs 

Qal 

Qf 

GEOLOSIC LEGEND 

Unit Description 

Recent dune and coast sand 

Recent alluvium' 

Recent a l luvia l  fan deposits in  the 
Great Valley 

Quaternary lake deposits 

Quaternary glacia l  deposits 

Quaternam nonmarine terrace deposits , 

Recent volcanic rocks, including: 
rhyolite 

- 

d e s i t e  
basalt 
pyroclastic rock 

Pleistocene nonmarine sedimentary 
deposits. 

Pleistocene volcanic rocks, including 
rhyoli te 
andesit e 
basalt 
pyroclast i c  rocks 

Quiterrmy aicl/wl. Pliucene cinder. curies 

Pliocene nonmarine sedimentary rocks, 
undivided 

Pliocene volcanic rocks, including: 
rhyoli te 
ar~iles it e 
basalt 
pyroclastic rocks 

Miocene volcanic rocks, including: 
rlqmlite 
andesite 
basalt  
pyroclastic rocks 

Oligocene volcanic rocks, including: 
rhy o li t e 
andesite 
basalt . . 

pyroclast i c  rocks 



Map Symbol Unit Description Aero Symbol 

M: Eocene nonmarine sedimentary rocks 

Eocene volcanic rocks, including: 
rhyol i te  
andesi te  

EVB - basa l t  
pyroclast ic  rocks 

Tert iary nonmarine sedimentary rocks 

Tert iary lake deposi ts  

Tert iary in t rus ive  (hypabyssal) rocks, 
including : 
rhyol i te  
a rdes i t e  
basa l t  

TV 
TVR 
TVA 
TVB 
TVP 

Tert i a ry  volcanic rocks, including: 
rhyol i te  
ades i t e  
basa l t  
pyroclast ic  rocks 
/ 

Upper Cretaceous marine sedimentary 
rocks 

Mesozoic g ran i t i c  rocks 

Upper Jurass ic  marine sedimentary and 
metasedimentary rocks 

Middle and lower Jurass ic  marine 
sedimentary and metasedimentary ro& 

Mesozoic u l t rabas ic  in t rus ives  

Tr iass ic  marine sedimentary and 
metasedimentary rocks 

JTRV Jurass ic  and/or Tr iass ic  metavolcanic 
rocks 

Pre-Cretaceous metamorphic rocks, and, 
limestone or  dolomite 

Pre-Cretaceous metavolcanic rocks 

Paleozoic marine sedimentary and 
metasedimentary rocks, and, 
limestone or  dolomite 



Aero Symbol Map Symbol 

PZV Pv 

PM El 

Unit Description 

Paleozoic metavolcanic rocks 

Permian marine sedimentary and 
metasedimentary rocks 

Permian volcanic rocks 

Mississippian marine sedimentary and 
metasedimentary rocks 

Silurian marine sedimentary and 
ue twwliuen1;uy rucks 

Water 





Lis t  of Geologic Units by Anomaly 

(uranium ~nomalies)  

Anomaly 

1 

n 

VII 

. VIII 

M 

X 

Fiducial 
Format ions Line Interval  Brief Description 

Qal 61 0 26-270 isolated U spike, slllaller 
Th, modest U / T ~  

Q P V ~  31CO 177'70-17793 abrupt U spike, similar  Th 
Qal  spike, no u / T ~ ,  U/K, T ~ / K  

P 680 3840-3860 abrupt U spike, no Th, 
strong U/Th 

ub 398Q-4033 abrupt U spike, no Th, 
strong U/Th 

(Thorium Anomalies) 

Pvb 570 6250-6270 Th spike, smaller u spike, 
no u / T ~ ,  U/K, T ~ / K  

5Kl  2950-3120 regional irregular Th, 
comparable U, no u / T ~ ,  U/K 
T ~ / K .   OW BIAC 

pgvb 593 18450-18670 minor regional Th, a d l e r  
U, no U / T ~ ,  UJK, T ~ / K  

Q P V ~  5% 19690=19750 regional irregular Th, 
s d l e r  U,  no U / T ~ ,  U/K, 
T ~ / K  

k .  630 12260-1 2350 modest regional Th, small 
irregular U ,  no U/T, U/K, 

~ p v f  640 1190-1393 strong regional Th and U, 
no u / T ~ ,  U/IC, Th/K 

~9 650 20250-20560 strong irregular Th and U, 
3070 461 0-4720 no U/Th, U/K, T ~ / K  

Ec 650 21 340-21 393 increased Th, smaller U, 
no U/Th, U/K, Th'/K 

pva 660 1240-1 380 . i r r e y r  Th, smaller U, 
no U Th, U/K, Th/K 

JW 660 2880-W2C) strong irregular Th, 
gr .smaller U , no U/Th, U/K, 

Th/K 



Anomaly 

XI 

Format ions Line - 
Fiducial 
Interval Brief Description 

ar T h ,  slight U, 
, U K ,  T ~ / K  

irregular T h  with spike, 
no U ,  no U;/Th, U/K, T h / K  

extreme irregular T h ,  
strong irregular U, no 
U/Th,  U/K, T ~ / K  

irre$Jlar T h ,  little U, 
no U Th, U/K, T h / K  

' 

extreme Th spike, 
slight. U ,  no u / T ~ ,  U/K, 
T h / K  

regional T h ,  slight U, ' 

no u / T ~ ,  U/K T h / K  

strong irregular T h ,  
minor irreylar U ,  
no u / T ~ ,  U K,  Th/K 





L i s t  of Anomalies by Geologic Unit 

No. of No. of U.  
Aero Symbol Format ion Samples Anomalies 

PVA ha 7e ' t  - 
PVB pvb 11403 - 

ALL OTIm QlXlLCX)IC UNIT3 HAVE IJO A;330CIA!TED PIJOMALZS 

No. of Th. 
Anomalies 
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MEAN VII IJE RY GEOLOGIC MAP UNIT 
f ... -- ----. . . . . . . . .  

1 SUSAhVI LLF 0114C 

'1 U N ~ T  E T H ~ R  E URN F C ~ T  PCT IJ/TH U/K T H / I  UNIT E THDR E URN POT P C 1  
~ c - - - P v - - - ~ T O + - - M T + F - - ~ ~ Z - ~ ~ ~ - ! ~ - ~ ~ ~  t --pv0 0.27 . 8r97 - -  -15.53-. . I OPVI! 0.24 0.84 9.41 0.239 1.383 6.4ne CAL 0.26 1.00 9.87 

PYA 0.19 0.77 8.41 no269 1.296 4.923 CRVB 0.23 0.97 9.82 
.. .. - 

---h; 0 7 u.m 7 , ( t t - d - ~ f t ~ - 6 i + 9 ~ - ~ & 7 @ - ~ - - - - -  ----QRVP-. 0 .  18 ----O -41 9 .  36-. - 
0.25 1.12 17.lC 0.311 0.945 3.056 

'I 
,_ -_ UNIT E ninP E URN POT KT  ~JITH UIK ... .. I i . _ - . . .  

TH/ W 
I l . L  I I .C.. , c . M  . -  ...-.<I------ 

UNIT E THOR E URN POT PCT U/TH 
PW- QPVA ---.t)r74----- 1554 - - - ~ Z i 6 + - O r 3 0 8 - - t ~ 8 0 4 - - - - 6 . 2 6 9  
K U 0.32 1.62 19.49 0.359 1.235 3.511 O R V B  0 -29 0.95 8.22 0.218 1.669 7.723 

0 m24 0.76 8.22 0.227 1.535 6.775 PV 8 0 m24 0.79 14.97 0.241 0.805 3.389 
. , - - - - i " f ~ V ~ l * f - - C B &  96- r 

:i OIL  0.28 0.95 12.41 0.233 1.134 5.544 GR 0.30 
T L 0 e29 0.94 1 4  0.235 0.925 4.016 

C- ------ -- -"- ----- - - - -- - - - - - . - ---- ---- 
24 

4 LINE 630 

- - -  . - -  

PVA 0 a 3 6  1.50 16.89 0.294 1.380 4.702 W 0.23 0.87 8.46 0.272 1.512 5.581 
0.32 1 0  20.18 0.236 0.781 3.335 

SI 

:j 
-T 
j. 
tj. 4s 

qJ an -5 

4I , -*H-I+ .- 
L -M-+-Y- -4iM+f---f--f~HOR-~----€-URN POT-.PC T - -4II TH-U4K--THf K- 

.j QRVP 0.15 0.47 4.77 0.220 1.414 6.459 OG 0.15 0.50 6.91 0.245 1.065 4.505 
.. 

0 -24 0.83 7.29 0.244 1.820 7.138 O I L  0.24 0.60 13.95 0.199 0.707 3.669 
.-..... ...-..... ]$--Fa 2.3-9 , G.6: 

';.;3---t)~3-~ffIJ ;;-----et---+i.~3 0 ~ 6 6  7- *75----.ni212 - -..lr3tI3--.6r-l..R8-. 
0.24 1.07 7.59 0.275 1.803 6.490 W 0.07 0 -38 1.57 0.363 4.508 13.636 

o 0.14 0.0 3.93 0.0 0.0 7.436 GR 0.44 1.74 22.64 0.276 1.106 4.030 
I 

-6t-T.---T----P-0~30--. O U ~ ~ - - - - ~ ~ . O O - - - . O ~ Z L ~ - - - - . L T & C ~ - . - ~ ~ Z Q Q -  
OPVA 0.26 1.15 11.46 0.303 1.541 5.091 PV R 0.26 0.53 17.09 0.141 0.436 3.196 

11 PVR 0.28 .. - A  
0.88 - 12.00 0.271 1.081 4.336 T L 0.34 1.15 15.82 0.237 1.089 4.629 

.......................................................... .t------W~ 
,. 

V.77 , . L O  ,<& , . * ~ - ; t ) i . ~ ) ~ ~ t f - I - -  

'I---- -BP,V-<13- M t -  5 4% C.W6--27-*08-6rP6*-------. Ec-------. 0 .~3$ - - .  ,. . 1 c29 - . - . 1 7 ~ 0 9  - 0.260 .----1.llO.---4.2+7- 
PVP 0 -25 1-10 11.56 0.331 1.633 5.020 JT RV 0.33 
OPVR 

1.20 11-20 0.251 1.569 6.231 
0.90 4.71 31.51 0.3h2 2.160 6.036 T VR 0.27 1.59 13.43 0.402 1.690 4.177 

PVR---ft~i?f---t-m-d4Wr*9------ -T.Vb.----o.w28 ---- 1-24 11.80 0.321 ----lu565.--5.019---.. 
0.72 0 92 6.90 0.248 1.818 7.492 TVB 0.35 0.92 17.76 0.184 0.758 4.119 

OPV 0 -34 1-41  12.27 O.?BA 1.667 5.866 TV P 0.36 OmQ9 12.32 0.199 1.218 6.077 
; fs$+--f)r~~-i-l+ l-k05?-.--- ---. (3t- ........ .-0 30 ..... ,- 1 Mi! 638 - 19r 19 0.322 1.066.-- 3.418----.-.-. 

6 

7 

I. INE 640 
... . ...................... ............. 

2 
-..---- -.- - , - 

ni UNIT E T H ~ P  E URN P ~ T  K T  U/TH U/K TH/K UNIT E THOR E URN POT PC1 U/TH U/K TH/K 
I PVR 0.26 1.01 10.87 0.255 1.422 5.748 hR 0.42 1 . 6  18.98 0.312 1.538 4.846 



HEAk VbLIIF RV GEOLOCtC MAP UNIT 
- -- - -----. --.-- " - - - -  .- - . - 

I----- SLS ANV1 LLE OlIbO 
----- ------.--.-- -- ---- - - - .  - - ,.- - 4  LIME - 6 5 0 -  

UNIT F TtlOR F URN POT K T  U/TH I I / K  tH/#  UNIT E THOR E URN POT PCT UITH U K  TH/K 
~ ~ - ~ c f - ~ 3 + ~ + C 2 5 ~ - - - S -  ---.- w- --- .- . 0118 .-- l r  16 - 11.58 0.439 1.761 --4.L61 

0.330 2.608 8.445 . Mv 0 e?1 1.07 11.61 0.228 1.311 5.624 
1.31 8.64 0.340 2.015 6.181 Jf RV 0.Zfl 1.70 13.86 0.435, 2.112 4.760 
v . 1 ~  -eg;+&.~~-;Pif01-'I~t75----------TVP-- -.-,a-s.28-. . . . 1.48 - 12.58 -0.372 15773---.-4s-727----- - 

EC 
1s 

1.52 10.48 0.334 1.949 5.005 0.27 1.32 11.92 0.331 1.658 5.114 . 
1.55 19.20 9.367 1.302 3 a W 4  GR 0.31 1.69 16.46 0.410 1.521 4,132 
--&+@r3.6*~2-38-+1-U&--- O r l t - - - -  0.43--- 51 9 1  -- .Om2 1% --4~04t---tr868 

OC 0.31 1.84 13.92 4.409 2.176 5r440 TVB 0.23 1920 10.93 0.355 1.606 4.547 
"I, 1. 

2.16 21.61 Q.413 1.627 3.939 of 0 043 2.26 21.20 0.384 1.570 4.275 - -. -. -.- -- -- - - -. . -- - .----.-..--------- - 
LINE 6 60 

F 1' - ttN - rF : - W ~ f ~ T ~ - U M W - - E - l W R  ---.- E - URN- -PW-PG-T--U ITH ------W-TH+K 
PVP 0.16 0.78 7.29 0.33b 1.463 4,430 PV 0 139 1-39 13.62 0.252 1.476 5.951 )I 

0.21 1 .OQ 7.31 , 0.328; 1.872 5.817 JU 0.28 1.32 13.94 0.328 1.407 4.268 - - e 
u . i  r J .  u .4 tc t i 928 ' - - - 6m-9 - . j ~~~ - -~  i42 -w  - -  2.32 -.--i?h l f - - 0 ~ 3 8 0  . - 1 8484-- -3~809-----?~1 
0.47 2.53 29.81 0.339 1.301 4.400 GR 0.45 2.16 22.85 0.343 1.355 4.089 
0.50 2.14 ?7.36 0.336 1.297 3.990 TV 0.25 1 . 15 9073 0.322 1.746 5.520 
2. 

w e  1. ? b d t - 6 F C 5 ~ 3 ? & - 3 & 8 4 ~ 6 d  a 2  8- --- 0 r9  I---- - -4 rn 6 5 -,- Om 2 90 ---444 1-5.3 f 1 
TVB 0.24 1.03 : 6-81 0.307 2.238 7-45? 0.27 

0.40 
1.75 14.01 0.454 1.837 4.022 

QC 0 027 1.26 8.45 0.344 2.181 6.705 UV P 1.84 17-44 0.327 1.536 4.785 
ZiB5 - -42~91----  01319--- h 9 6 1  +.a07 

0 S 0.311 2.46 39.96 0.456 0.899 1.971 

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

0.36 QL 0 050 
MV 0.21 O.2R 
iv-2-P- 
PZV 0.37 1.47 15.53 Om28R 1.305 4.631 01  0.58 2.07 32.65 0.256 0.921 3.685 

0 .!ig 2.35 30.51 0.300 1.120 3.731 - - ------- - - - - . - . - . ---- - - - --------- 
LIVE 6R0 

UNgT-.- -E.-T HOR F URN PO7 PC1 UITH - U/K - - THIK - 
QC 0.25 1.19 9.94 0.338 1.734 5.247 C'f 0.93 2.29 22.67 0.158 1.429 8.959 
PVP 0.15 0.64 4.91 0.307 1.992 T.000 P M 0.35 1-28 13.26 6.251 1.091 4.332 
TVR--- 0 .+b--t r5-t-+rfi-)-i-+iiiQ88.- -4.- 818. -. -- - -5  ..- -. - .- . - 0 122 - -1.17 l laOI . - -  4.380 11548 --*1118------ 

0 . l l  0.43 4.73 0.232 1.550 6.156 0 4L 0 046 1.70 23.12 0.243 1.030 4.160 
0 -25 0.94 7.94 0.270 1.879 7,376 JU 0.34 1.56 22.05 0.324 1.054 3.240 

W 0.12 0.81) 5.53 0.513 2.215 4.513 MV P 0.22 1.22 tn.45 0.384 1.898 4.834 
PZ 0.35 1.64 14.26 0.377 1.902 5.154 G R 0.6'9 2.55 29.23 0.312 1.496 4.711 

t t s O ~ - ~ 9 ~ - - . ~ 5 t - - b r * 9 6 - - J s O 4 O - - . S ; p 1 & - - - -  ----.- . CVP - - -  0.28 
TR 0.21 1.77 1 0.594 2.290 3.667 FV B n. 25 1.16 11.95 0.322 1.415 4.410 
P I V  0.32 1-19 13.30 0.305 1.473 5.035 - - - - -  QL 0.2R 1 11.46 0.252 1.265 5.209 b 

TVP 0.10 1.24 15.92 0.136 1.239 3.716 I 



MFAN VbLUE RY GFCLOCIC MAP UNIT . ... .. .... ..... ..................- 

I--------- 
-- - - - - , . . - - . - - - - - . . , . - . - -. - - - 

SUSAkVILLE QUAC 

I_-_~--- -------- ,-,NC- ---9060 .................................. ........................... -, 

~---,L 
I M I UNIT F rHnP = PnT K T  u / r H  u/K TH/v oNtT E THnR E URN PnT PcT u l fn  
!--- P V P - - - - t h - l P + ~ 3 e t - - h  600----.5fi8 8. 0 AL--- 0.26- -- - - -0 .95. - - - -  5.21 - 

TVR 0 a24 0.89 5.12 0.248 2.634 12.151 QPVR 0.19 3.60 3.82 0.228 2.444 11.604 

I KU 3 a29 1.13 12.37 0.207 1.429 5.097 E t  0.28 0.97 12.34 0.237 1.210 5.128 
r- -VP-- - -?t ; f  ff-- i L2 I. e- t-ijtS-.5.4t--------PV.L----.-Or 1 f -. -.-- -0  i 63 i i 5 1 O.270--- 1-r 89+-7 ~446------ 

L INE 3070 
------- -- . - - -- - -. - -- . . - . - - . . - - - - -- .- - . .& - - -. - --- 

UNIT  F THnR E URN POT PCT U/TH U I K  TH/Z UNIT E THOU E URN POT PCT U/TH U/K THlK 
s PV8 0.21 0.97 - -. - 1.42 0.290 - 2.153 7.565 QAL 0.29 1.19 12.17 0.274 1.402 5.053 
, I - n V - r ; ? 4  u.n.1 I 3 u. 24f--i-r??F-M?1---QPVB.---Oi-e4--- d.06-----%r96-".-0.239--- -1-7364--5.771-- XI 

D I 

.) P Z  0 -36 1.11 12.95 0.215 1.278 5.901 QPVA 0.26 0.78 9.77 0.207 1.142 5.577 

4 M 0.40 0.9n 6.85 n.159 1.963 12.608 CPV 0.25 1.30 11.91 0.357 1.582 4.442 
,t----W& 

,. -. a 
U O L  I u 8: . )r--54.HTM3-----OPVR-Q.-26------0 6 6  ----I 1 a68--~0r+77----Or.813---+.607 

)i PVP 0.12 0.54 5 - 6 3  0.266 1.317 4.586 QRVR 0.27 1.02 15.00 0.269 0.987 3.753 
PVR 0.77 3.Rb 22.16 0.340 2.458 1.212 PC 0 -26 0.47 10.67 0.122 0.596 4.976 

..... ..-.. ............................ ;I---- -- ----- -- - -.-- 
LINE 3080 

b .- 
r. CIRN----QC)--f--ttS W--t)-/-K__T*#%-. --UN.I,T-E.-TiiOR---- E -URN.--,POT- PC T -- -. UlTH --Uf & A H #  

0.05 1.10 1.98 0.249 1.012 4.463 QAL 0.31 0.06 9.52 0.206 1.332 6.907 $1 3 UfJ 
0.21 1.47 9.75 0.400 1.931 5.032 P V 8  0.22 0.75 8.35 0.247 1.372 5.761 - 
J .c* I.*U 18?-46 t .* - f i t ) 4 - w 7 @ q  4----- --- Qk Vi0&. ---. 0127.- li 1 0  .. 0 ' 0  . .- .-Q 

0.19 1.28 9.80 0.49R 1.965 4.091 CC 0.15 0.76 7.77 0.372 1.450 4.031 
0.10 0.62 5.02 0.461 2.920 6.739 CPVR 0.2R 0.79 9.42 0.200 1.215 6.270 

n -----OrfF-- : . c 2 v r : , + ~ + - - - + v p -  0.34 ... 0 dl..-- - -..-9. 10.- - 0.t64--1.ri.72--ir8 12 

I LINE 3090 'i -. - -- - - - - ---- -.---. ......... - .................................. -.- 

UNIT  F THOR E llRN POT PCT IJITH U/K TH/U UNIT E THOR E URN POT PCT UlTH 
0.20 ~ . n n  11.81 0.379 1.235 3.627 TVP 0.29 1-30 12.63 0.320 1.522 4.849 

, P U - - - - t M 3 - - f ) r H - -  Sr3+-+h-k%+ -f)T893+~€978---FVA----.-. 0.26- 1 .23 .  - - -  11 .43 .  0.323---- l r525. . - -4 .82 
:I PH 0.14 0.59 6.23 0.194 1.415 4.677 TVR 0 36 1.55 15.28 0.300 1.508 5.100 nu 

S 0.22 1.12 8.02 0.368 2.078 5.704 QPVR 0.21 0.61 7.43 0.206 1.215 6.099 Is, .> 
.I ,---- ......... .... G R .  -bs?4 3-+-0+Z--t)-.26.f-+. . . 30r)--+.q?~ pve 0 .  27 . -0  r94 - -. , 9 8 0 9 - -  01243 -- l r s f t - - . 6 r 4 $ 8  ,821 

0 41  0 .29 1.13 12.99 0.261 1.212 5 . 2 ~ ~  QRVR 0.15 0.40 3.97 0.156 1.280 7.858 'I a. JU 0 .18 2.22 19.55 0.423 1.678 4.111 PV 0.38 1.34 14.22 0.252 1.383 5.761 
J T ' V - - 0 ~ 3 - ? - 3 - & - ~ r - W - U s t t  l&41)1--3..703.--------.-. WVR- - 0 -43  1.72 18.55 . . 0 .274- -  1.352 - -  5.038----- 

'I E C 0.31 1 13.35 0.309 1.537 5.042 CV P 0.34 1.22 21.94 0.235 0.828 4.147 
T IR  0.25 1.75 t2 .09 0.497 0.410 0.839 51 - - -. - - - - - - - -. . -- . -- .-. - ... - . . .  - . - -- - ... - ..... - . . . . . . . . . . . . - . . . . . . .  . . . . . . . .  ....... - . - ..-.... - .... 

............... ........ ' - - __ . . - -_._^-.- . - . . - - . - - - . . - I . -  . - _ _ .- - -.- 

:I 
..-. - . . . . . . .  -. .... -- .. - - .. - - -. ......... .- .... . . . . . . . - . .  . . . . . . . .  -- 

21- 

7 
. . ....... .......... ...... 

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



- t i  
MElN VbLUE RY GEOtCGfC HAP UNIT 71 * 

-------- -- --.- + -. -- . .. .. ..- . . , . . ~:;J#&- . . * ..-, ---.-. --- 
SUS LM1 LLE QUAD L;.- . n ;S &$:.!: 

--A- 

#. -?  -*1*--qtm ------- ". ------..---.. . . ... . - . - .. . - - -..-------- 

UNIT I T H W  L U R N  POTPCr l l / M  U/K THf W UNIT E THnR E URN POT PC T U/TH U/K l N / K  
j L - - l w ~  s a>  2 . l.r3*----3+758--&r4%-B.-----------TY)------O $30 ---- --- 1.33-.-21#11 ---0a311---Qr913--i!r460- 
I ‘31 0.31 1-05 14.73 Oe232 0.997 4.741 QT 0125 0.84 11.25 0.236 1.123 4.869 

- 

e-3 0.411 
2.30 17.59 0.334 2.042 6.086 OPVR 0 e27 lc08 11.49 0.269 1.298 5.001 

ii r -v 5 i **ttt----------PUP--- 0.27 ----L iil2-----~12.RT----OiZbP--l-ct34---Sr48k 
0 037 1.81 20.40 3,348 1.352 3.917 PVA 0.20 1-OP 12-00 0.375 1.319 3-511 

TVR 0.27 1.45 20.96 0.372 1.000 2.691 PV 6 0.29 0*95 15.07 0.228 0.897 4.120 ' --+At-----+>; 6 • H%--fM35': >.3W -17--- O.I5--42r36---0 r32)--h8444r736 
"I 
I4l L INE 3110 'r -------.- ---- - - ---- --- .------- 

I INIT E THOR E URN POT PC' UfTH U/K TH/C UNIT E THnR E URN POT PCT U/TH U/K TH/K 
I. TVP 0.56 m 2.25 25.14 0.281 1.291 4.691 PV B 0.28 lad2 14.52 0.252 1.031 4.143 

Si . -  : r . K :  QPV+(trZt ---- 8 e%- ---=art .1-- O aZ49--4-rf 0l--+&9- 

b I- 

:{ I0 

14 
1. 
{l 
4 I* q, aa 

13 r Z' 0 047 1.93 26.77 0.279 1.026 9.715 T I  0.26 0-3(E 14-88 0.245 0.819 3.612 
4 

QL 0 a47 2.21 29.65 0.329 1.125 3r44? QS 0.15 0.73 10.38 0.395 1.118 -- . . - 4' u.32 I ;. 9 Qft--i?Z)3 H r f  -V P----0s 36---- -- 0 ~ 9 8  - - 12~36---0b?55 -Irl++-4~4-76-- 
IS PV A O .46 2.34 23.90 n.356 1.422 4.081 N 0.27 0-79 12.54 0.207 0.928 4.493 
?. I 
LC I 

- - ---- -. - . .-- --.-. 
1*884 -4 
- 

u3 
3 

3 

ro 

' -. -- ----.--------- -- _ - - .. --- -. a _ _ - -  

. 
- .. . , - --- - -.---- ---- 

3- 
I2 7 -  a2 

13 

/ / . ,  . -- . *  . ,  - - - - - - - - - - -  - ---I-. - - . _ -. _ . _ _ _ _ - _ _ _ -  7 .- 
I# 

--- --.-- - -  ---- --- - - - -  - - . ------------ 
ja.- 
40 

I 0  
I 

no 

ID1 
I--- 

10 
-------.---- .-.- - - - - .- -- ------ 

:I> 
$ I  

17 

I S  
--- --------- -- - - -  - - . - - - - .- - "- .-.- -- - - -- 

------- -- - . . -. - - .- . -------------. "--- 





.. SAMPLES PEAM; -3 

-T-,-",,RIUK--- -T*4---'---tr;5 ,----.= U;wORStAL -- ---. 0.83-- 
E URANltJM 684  G.51 LlXNOWNAL 0. @9 
POTASSIUM 634 ",g- .- - ---- --54i- --- QmlU LU;NOWAL -.A. 0 4  00 B .I1 i - -TI% N 6WkL 0. L6 
EU/ETH 570 C .32  NCRMAL -0.88 
ETHIK 54 1 7.36 LCGNORWL - - . -----.. - . - -  - .-.- 0.32 --- 

. -"- a,'. -- 

111 

- - -  I " . .  - . . FY*T.I;Ls_- . A QAL ---' -- . . . - .- -..-- - -- ,-------- --.---- _ -- - ---- - .-- . - - - - - 
S AMPL ES MEAN -3 - 2 - 1 + 1 + 2 + 3  

I 

-[r;ofi- .-G 59---'- .m-- - -"----. - r(nr~~~-ztr5~---4';9r-no~m-- -- 3;m ----.- ! 6 ; 5 r - ~ . r - -  
E URANIUH 2 729 O.66 LCGFIOIIMAL Oa 19 0.32 0 .53  

2Bh0 
1.95 

POTASSIUH 
2 4 0  

a. PO 
3.98 

u/ - -------- -- 0 . 8 3  LQNCRHAL 0.32 -a. IB'------' .[I;Z1 .- - "  -.*"' 0.52 1.33 2.13 3.42 271~---7l.9(;---IIWMAI " - - -  6 - 6 0  --------. 39-----. -G78-.... - - 2*T7- -- -*-- -.---.- --- - I D #  
EU/ETH 2117 _ 0.21 NCRMAt -0.05 ' 0 004 
ETH/K 

0.12 0.30 0.39 0.48 
1.73 - ---- -- _ 2.56 - _.. _ 5.51 . _ -____ _-_ 8.30 . 12.29 ---.--l--r -=? 

- -.-. ...Q r - ..-,- - - -. , .- . -. -.I _ ________ ___._I___ _ ___ - 
+O 

u DATA SdHPL ES ' MEAN 
30 

- 3. - 2 -1 + 1 + 2 + 3  
-- 
31 t TRDRITIPT' -- -936- L - C ~ N ~ H ~ L  7-.-6F---..+ z;3z--- ---, 3.24 -. -'"i.-- 6.3r --- .--Sa-BT-I--II'2;~-- 
u E URANIUM 9 10 1.02 L E N O R M L  0.31 3.46 0.68 1. 52 2.27 3 - 3 0  
13 9 36. 0.36 POTASSIUP 

.E"I ". -'- - -. - - - ' 1.10 1 ISNORMAL 
U 

BB-N[14MAL- ------ -."- 1.52 0.76 1.60 4 &'i 

3¶ EU/FTH 9 30 0+21  NORMAL -0- 04 0.05 
3~ E T H/K 933 4 -10  NORMAL 

0.46 
--.---- 1-56  2 -47 

31 

CAT A SAMPLES 

-E T H D W l U P ~ 7 m 6  T -*-- 
E URANIUM 2984 
POTASSIUM 3.1 39 

.€d?K--- .,,,-4 :-pa57 .--. * - 
EUIETH 9p\;"2955 
ETHIK '="2952 



..-...-... . ..-.- -. ... 1 D A T A  SbnPI.ES MEAN 

FORMAT ICN . . . . . .  -.- Q c _ -  . - a  - .  

-3 - 2 - 1 
E ~ ~ ~ R T U C  - - '  13E "---- .6q- mR"A1 ' ""-"--"'-. ,,; ZO -- " "" " 4"- ,.sa . . T U G -  .,- 3 .06 .- - - 5iY2 .----- 7 ;  33---- 8 . T -  " - - - 
E URANlllM 1?1 1.3t NORMAL -0.14 0.36 0.86 1.85 2.35 2.85 
P O T I S S I U E  131 0.60 ' LFYiNORMhL 0.26 0.34 0.45 0.80 . -  . 2 - m  19- --->-+-. 1.06 -o.r,-.<~.-:o.e7 ---- 1.41 -- EUCK- - -  - '  1.36- '-' 1.75- .-NCRMAC - - - -  --- Z .  hf -- .- - .3.06 . .- . - - - ".- . i:SI 

:in 
E U l  ETH 131 0.25 NORHAL 0.04 -,7mL0. 13 0.21 0.36 0.44 0.52 ,.I. 

130 4.5% LCCNORC(AL 1 .78 2.86 7 .35  11.78 18-80 I,. 
..- ...- ---- . .  -.-.---. '-11- -1 - 3  .............. - - - ,---- - ..-- --..vm. *u----- -. -- --- I,") - 

7 .  r '  . - . . a  
11; 

' 
"' - '  

FORMAT ION - ................ .........-....... -- ...................-. . . . . . . . . . . . . . . . .  -.. ............. -* -+*- -.-.. ..... ..-_--"&&.._.A ... *. A,... ___/_ . _- .. _.. . QS 
1.1 

SbMPL ES WEAN -3 -2 -1 : + 1 t2 43 - 
:i r' 
124 

-**69.. '- =..- . - - Z*lf +* *9r. mi-w 5- ----.-.,.,;,s---..".--. ---- .- --- --.* ;j- m----,m-- .-6i*~OTfl~Rn'blL -- --*-..-- 

LO E U R A N I U M  103 0.73 LCGMORHIL 0. 15 0.26 0.43 1 23 2.07 3.48 lid 
21 POTASSIUM L 03 1.6t NORMAL -0.77 0.04 @ 0.85 2.47 3.27 4.011 ;fpJ---HCRM~7-----. - -  .... ..... --'-'-EUTK ---- -* 1 0 3 --- '.- - . o l  - ' - - ' - 0,63 .. - -. --- *4rk- ----- --.. -.". 1:. 
22 

2s E U I  ETH <LO3 0.26 NCRMAL 0.03 0.11 0.18 O r  34 0.41 3.49 
ETII/E 103 3.44 NORMAL 0.93 1.76 2.60 4 - 2 8  5.12 5.95 .. . . . . . . . . .  . . .- ---- .----- -- --L---- -r* -- -l- - . .--- ----- .... - -..---- ---- .--- . . . . .  14 I T  I " 

7 .  Cn :.*I FORMAT I ON 
2 1 2 -  .----------.-------- ---- - .- .--;_* . -* -- . .- --.. - - . - - - . - 7 - .- -, ---- .- - ---..-.--- - .- ----. .- .- - ,.. * .,. OG 

I,": 0141 A S M P L  ES HE A A -3 -2 -I +I 
,.I, + 2 +3 

30 - - 1  . . .. . -  ........... I -- TTI~~WUC- 52%---- zi 3y. IrlCRII U;FI- --- r.m I .  - -"'-- " - - -. . - -I . - . -- -3 ;w -- - -. 3- -. - 
E l lRANIl lH 40 1 0.61 NORMAL -0.17 0 a09 0.35 0.86 1-12 1.38 

IU PtlTASSIUM -. - - .- ---- 424 %- .-. O.5Q NCRMAL 0.26 0.36 0.47 . - 0.68 0.79 0.90 
-[).JZ - . - om59--- w--. Gil  l 3 ~u~--'wJR!~~L-<-&-.;' A -. - - -1. 50- '--- --- I 95 . -. ---..2e Go - -- . - -* --- 

It Ell/ ETH 401 3.25 NCRMRb. " -0.11 , 0001  0.13 0.37 0.49 0061 
J. ETtI/K 40L 4.17 NORMAL 1-76 2 056 - -  ----- -.-- . -- * - ------ --. - " *- 3- 36 4-97 5.78 .- .-. --- . --. - . . 6-58 
%- .. - --- 
1. 
I 
so F O R H A f  t CN 
t-. - . - - - - - . - - - - - - - . - - - - - - --- . - - - -. . -. - - . .- - -- - . - -- . . - . - - ,. . + - . - - -. QPV . . . ............ - - - - - - . - - - . . . . .  

. D A T A  SIMPLES MFA h -3 -2 - 1 + 1 42 + 3 
3*lT . . - -*-5i21----- - ,,--5r- ..... ---- .. .... TTHURIIIU"""" - 1 2 3 - - ' 4  .TIB---'TCGNORM&L- ' -'--- 2 ;49--"--'" '-5;b6-- • 

E URANIUM 25 0.843 LCGClOHNbL 0.32 0.45 0.63 1.23 1.72 2.41 
PflTASSIUM- 0.90 N O R M A L  0.44 0.59 0.75 1.04 1.20 1.35 - -  . 2,1,. - '-2.56 . . . . .  ."-. . . . . . . .  -EU I K 6.27 0.61 - 1 .JU 
EUJETH 0.24 N m n r L  18 0.13 0.1s 0.30 0.36 0.41 
ETti/K 4.64 L C G N M l Y I l  1 2 e83 3!62 5.94 7.60 9.72 

-. - . - . .- . - ? - - - , -. . - . . - - - . . 

........ 

---- ~ 

:#.*I 
1-1. 



-' n,. 

FGRMAT CON QPVA ,, yi /:i, . . :;-:<,I , I  

'ma-- -T; 6T-.---" -.. T * 8 8  -.-.--.- 5-*m. - - - . vb-;6 -- -- 
0.45 1.43 1.92 2.41 

689 

M E I K  -3 - 2 - 1 + 1 +2 43 

2 Z 1 '  "--- - ---s-nr ---- f;P,.--"" . - -.-- 
6 

7566 0.61 LCCNOPMAL 0.09 0.17 0.32 1. LS 2.18 4.14 
0 .OB 0.36 ' 0.93 1.21 1.49 0.64 NOPMAL -0.38 r549 - - -  1;24"- ACSHAL .-----.>--.- - a .  r" ...--..-.. lo .- - o*6, . . .,--mT*8a. ---- "... 2;3r-- ---.2 ;9Q " - 0 4  

7562 3.18 NOF.HAL -0.07 0.02 0.10 0.20 0.34 0.42 
754'1 5.79 LCONORMAL 1.10 2.56 3.85 @.TO 13.08 19.67 .---.---- .-- --  ----- .------. -. - -.*.- . .... " .. -. - . .. .-. . - -- --. --- - ., . --..-- - 

QPVP ." . . .. ..- --... _._' _--._.. . .."..__. &A I . _ ^  --.- _._- .--. --. . 
SAHFLFS MEAK -3 -2 -1 4 1 + 2 +3 

Jo -- 2 .JJ'3------ -- JI - E T H l J P l U H - " 3 7 ' - -  -- T.YT'"-ROFIR AE-- --- 
32 E URANIUM 3 7 1 -02  NOP.MAL 0.18 
13 . --- - iPOTASSlUM 37 .  0.95 NO$-HAL -0.50 .d.56 "-1 ...--. 
.u EUIK-'- - --'--- 37 --*-Cii9F-'-LOGNURHAL' 

37 30 EU/ETH 0.17 NORMAL 0.01 
3a ET H/K 3 7 5 -20  LCGNORnhL --- .- ----..*--. - ----- - ------ -- --. ---- 2.23 
37 

la 

39 FCRHrrI ON 
---A ----- --- " * - - ---...---. -----.--. ...---- -- .-- - 
40 

4 I OAT A SAMPLES ME& K -3 
42 

t 7 TH[TR~UCI--TQT- - - ' 1 4  ,??- - NOEHAC - - - - - -'- - -g- , -r - - - - - - -  8 -  - 12.45 - ' 16;au 
u E URANIUM 192 4.47 NOF.MAL 0.89 2.08 . 3.27 5.66 6.86 0.05 
4s ---. POTASSIUM 192 2.30 NORMAL OmR? 1.35 1.82 2.18 3.26 3.74 

Ed/K 
- - * - - -  

192 ' --- 2.02- - -  -.2.23- ' - 2-44 4. 1.61 
47 EU/ETH 192 o.ze NGRMAL a r 0.19 0.24 0.33 0.38 0.42 
40 ETH/K 192 6.0s NGRWAL 3 2.57 - - --- - ---- ..... --.. 7 

40 

so 



CUAO 

- - . - - -. - -. - - . - - -. ....-, - - -. -- . - . . . - . . -. - . . . . - FORMAT I C N  QRV 8 

OAT A SNqPL CS MEAN 

--T+TmKtw- ' ' - ' 3 . 6 5  ":. N a M A L - - - -  
1252 0.90 NnRMAL 
1316 0.10 NORM& 

- EUJK - - . - r 2 ~  --- - 'c;~o "NGRR~T-. - 
E U I  ET H 1241 0.22 NORMIL 
E l  HIK 12 52 3.77 L f f i . N O R N I 1  --- - - -- - --.- ----. ----- - .- 

I., 

*,q& -.. - -a*2,- ------ 
T o r n  - 

1.33 1.76 2.19 
1.23 . 2*14- 1.65 - . - -- -2*66 2.08 . . . 

0.31 0.39 0.48 
5.55 8.18 12.05 - -.----------.------ -.-- .-. 

- 
-! 

IS FORMAT ION - I-.- . - .--.----- ---...--- . - - . . . . . A- 

QRVP - . - .  ... 
I. 

SAMPLES MEAW -3 -2 - 1 +1 +2 *3 

TH~TUC------"CP - -~Z;FT--AORRN- -- -- --- *-• .36- - -A- -- 1.72 .-- ' - -2*08  ' - - -"2 *B IT .  ---'" .xr6--.- 3:52.--- - - -  - 
E URANIUM 2 9  0.36 NORMAL 0.08 0.18 0.27 0.46 0 55 0.65 ~ZG!  

POTASSIUM i 9 0.36 LOGNORWL 0.15 0.20 0.27 0.47 0.63 0.83 $17, + --m,. . -. - - . . . 
-;0*5Z" " - - o # j  , -.. 3, . - - - . - - - -- I - - - - - - - . 2.2e " -. . ' --- . . - - - - -  -.I 

-29 ' - 6.8C WMIHAC "" ---- 0.41 ---"- 
EU/ET H 2 9  0.15 NORMAL -0.02 0 -04 0 -09 0.20 0.26 0.31 f4 

2 1  EfiHIK 29 5.56 N O R U M  ------ ----- .-----. - * -  - - - - -.-.- -- 1. 24 . - .  -" 
2.6ll - - - -" 4-12 7,ao 8.44 9.88 ;?:: . -  . -.---A ...- - ---- ..-. -- - - - .  - . ---- 

an I - --;;.I 
zsl rD 

FORUATiON 
t7! ?-. -- . -. ... -... - .-, -- - -  - . . -- - - - -  - - .  . -  - -.- -.. ---- - ------- ----- -.--- - - --. JTRV 14 I. 
I. . .n 
u OAT A SWPLES NE4 N -3 -2 -1 + 1 +2 +3  I"! 

r e  

E THnRtUH '--'-I 60A---4;91--. L-------- - - - --- . - - --. ,58-  - - 7;P3. . -. -- lCSi.----- - .-- irrJ 
'C1;89 - " 8. ;  

E URAWIUM 542 1 - 1 2  NORMM -0.48 0.25 0 199 2.45 . 3.18 3.91 *,A 
PUTASSIUM 1.37 NORMAL -0.36 0 m22 0.79 1-95 2 I 52 3.10 1 .LY 

-- -- --- E",K - - --.-g> -...--- J-' ---LWZ mw'C- - .----. - , - - . . :, . ---- 2; 5e ----a- - 4; 05. .  - - . .--.-.- :- 
Y 

38 E U / E t H  592 0.34 NCRMAL -0003 0 .  LO 0.22 0.46 0 .59  0.71 
3. ETH/K 592 3.19 LQGNORHAL 0.96 1 *43 2.14 4.76 7.11 10.61 

$ 
j, 

- - - - . - - -  ---- ---- . . - " --- - - -.--- t -- - . - - - . - -- - - - - --.- -- --- - - -- -- - - - - -- - - . - - 
Im' 

FORMAT ICN . -- - . "-* , --.- .* -- .- - -.--- . ... - - -. -- -.- - -- - .- . .-. zl JHL . .-  . - .- . - - -  - - .- 
40 

----.;I 
- -- - 

4s OI TA S M P L  ES HEAR -3 - 2 -1 +1 + 2 +3 

I .3F..-'-AmH4'- - .- - -  -Dim- - - --;ID - - - -  - o*6e.  -. -- - - 1* 8b-7, 5V- - . . -- . - r. 
-T THCIPtOF -----4-4---- - -- 1.7 

E URANIUM 25 0.31 LCGN(IRMAL 0.11 0.15 0.22 Ooh5 0 .64 0.9 1 ,111 

43 f M PI ITASSIUM 46 0.50 LCGNORMAL 0.23 0 0-30 0.3s O.dr5 0.84 1.08 I** 

EUIK -- --- 25 " - -0.35 LCGNOlfHAL - - 0. QP 0.14 0.23 0.67 -- 1.13 ' - 1.92 - I= 

49 E U I E T H  2 5 0.17 I.CCNDRHAL 0.04 0 -97 0.1 1 0.28 0 46 0.75 
1 E I  H / K  2 5 2.55 NORMAL 1.60 

.II .- ----- -. - . - --. -- -....-I -. - - - . . --- . .-. - 1.92 -2 .23  2 .R7 3.19 3.51 . -- -- .- 
3 
- I _ _  . 

- 0.11 

Ira: i."! 



SUSLNYI LLE ----.-- - ---. -.- .----.- . ..---- -.-- - - -.. - - - - . . .  - .  - . -  CUAD 1 -----.-.-- ---- _ - _-- -._.. . . _. . _ . _ _  

FWHAT toti JU 
1 

--- ---------. -- --.--. ---- ------. . -.-. -..-. - . - - .  ---. .  --..- . -.-- -- -- - -- .-.-- -- --.-. - - - --- A -  - --a -.- 

OAT A SAMPLES MEAE: -3 -2 - I + 1 + 2  +3 

--"5,55- NEURAL-- --I.-- 2 ; s 9 -  - .  - - 3 i 3  -- -. -- 4 .43  - . - ' L * S I  + .-.--l;TP---.-. 8*9T '- -- - " . - - 1: 
l u 

lr59 LOeNORMAL 0.76 0 098 E .25 2.03 2-60 3.32 
POTASSIUM 169 lSZa---NoresAL 1 .41 NOPMAL .----. 0.63 0.76 1.08 1 1 2.06 2.38 a k: 

-EU/K - 
- ------ 1 60 -'---- CI* 53 ' --..- - .' '4,- -.-. ' *  f*38 .- . ' .  . ..--. . - - - a*nl .- .- --.---- 

1.49---"" !*a 

EU/ETH 169 0.30 NORMAL 0.11 0.17 0.23 0.36 0.42 0.48 
ET H/K 169 3-91 NORMAL - --------------.-..------ 1.35 2.20 3.06 4.77 5.63 .- -7- - ------ - - .- -" -_--- . .-. * .------.-, 

FORW&TI'ON - ---- -- --- -.------ .----..- .- --..-- 4 -...--.--.- - -- - ..- . Tv . . . -- * ."- . -.-- . ..----.----.---- '-. . .-.--. ..- - .. .. ;- .- -. 

SMPL ES MEAN -3 -2 - 1 1 +2 t 3 pf 
O U I U R -  4 0 7 N O F M A T  • 3 ; 4 T  ---- C ; W -  aY96--- @-- .T*qB ----.---- 5x------. - --. - - - -- - I *I 

f URAEiIUP 48 la37 NOPMAL , 0.47 0 -67 0.87 1 T7 1.47 1.67 13. 
POT ASS IUM 48 0q71 NOFMAL (0.38 0 a49 0.110 0.&3 - -0.94 1.05 

mi 
-EW K----- -4 R- - 

NOP HAL- --- -- 0.-49--- - - -- -. , -'.&, - - .--.o* -- . IT--..------ 2*45 ---. -- .em-.- ..- A-w.,-,--- 

14  -1" -!,- 
EU/ETH 4 8 0.25 NORMAL 0.03 0.10 0.18 0.33 
ETH/K 

0.40 
4 0 

0.48 
5.61 NORMAL 2.61 - - - - - - -  "-- --.---- ------ - I _-.-__ - 3.61 4.61 1 6-61 7.60 0.60 __ .._- .__. - - - _- .__- . . __.___ _ _ _ _ - I _ . _ . _ - I  ____._.__ . ._ _ I 

FORUlt f  ON TVA - - - - - - - - - - -  ---7 --I.- -L- .- - - -  . - -A_.--- .--I . -- - --. .- - - _-___... . --.. .---_ __ - ._._ . _ _ _ _ _ __. _-_ .__ _ _ _  _- _ ._ I 
DATA SU4PtES MEAN -2 - 1 * 1 +2 +3  

POTASSIUM I: t -- -- 345. 0 . d ~  NORMA~ ,@,&.---- -- 0.39 
3 4 2 - . . - - ' , ; Z C  - EU/ K - ----' ---21.05 --. .- 

EU/ETH 345 0.25 NORNAL 4 - 0 2  
345 4-91 NORHAL 1.89 ----- -----_-_ --- -- --_- - ..--- -- . _ . _ _  

b.1 DATA SAMPLES MEAN 
*rl 

-7.71 -.-- ---- 3.50 " ' -  5:08---- 3.a f '.'.--a;F6'-'-'. -.-.. . - -.. - -. . - 

0 .49 0 82 1.47 1.80 2.13 
0 -56  0.72 I 1.0d 1.22 1 39 
0 ' - D.Bb -4 --2.07 - - - -  --- 
0.07 0.16 0.3) 1 0.43 
2 a89 3.90 5.92 6.93 . - - - - - - - -.--.- - - - . --,--- -- 

TVB - - . . - . . . * . .-1 . . ..* . ,,,,L-. .. : ..A. 

I 
- 2  -1 + 1 + 2 + 3 

E - m ~ 7 ~ ~ - - ~ 9 4 - - ? 1 ; 4 6  ' ' LCGNOPWL ------ TGOT-"- ".' I-;a O---. - " ..- -2 Z-' -. 
E URANIUM 182 1.29 NORMAL -D. 35 0.19 0.74 
POTASS IUF 
EU, 

- . *- .- - - 194 3-83 LCCNORW4L 0.23 0.35 0.54 
182 ' *"1).96'- LCGYORSaL - - 0.16 0 -79 '0 .53 '-'-- 

EU/ ET H 182 0.22 NORMAL -3.C5 0 -04 0.13 
ETH/K 1 A2 . ... - -- 5.86 NOR*AL - -- --.-- - . . . L.24 - - -  - - -" 

, 2.78 
" - .  4.32 

'I. 



. . . . . .  .... . . . . . . .  - ........ ..........- .......-.. - -- . .-. .. - . - - - .- . - -.-. ...... SUSANVILLE ......-.- -..- CUAD 

FDRMAT ION -- - - - - . -- - ...-. - .. - - ..  -. - . .  - . . . .  - - .. . . .  -- ...- -- .. - - .. - .... - . - .  . . . . .  . .  ...... ... ...... 1 DATA .. - .. - . ., . . 

TVP - - -- . .  - 

1 i-i - 

S bMPI. ES MEAN -3 ti! - 1 + 1 +2 + 3 Ic 
I* . 

i l4y 

FORMATfON - , - -. - .  ............... ... .... ............ ..... . . .  - .  TVR 

SAMPLES MEAN -3 -a 
I. 

ru' - ~ T U K  -'-'75 ---- e m  - m a  A - - - -  - a.m.-. --.-- 2;53--- - .. 3.80 
E URAKlUM 15 4 NORMAL -0.10 0 043 0.96 
POTISS tun 75 1.07 .. NMIHAL- NORMAL 0.20 o 049 0.78 -...A- ... 

E V 7 R  - "-"- - 7 5  '--- - -0009-- ' - - 0.51 - ---  0.92 
EUfETH 75 0.28 NORHhL ' -0.05 0.36 B.17 
ETHJK 75 4.71 NORMAL 2.05 2 -94 - -  . .  - - - - -  . .-.-----..- ........... W 3.82 

1151 DATA SAMPLES MEAN -3 -2 - 1 
. .... 'E' THtlR IUR ----717---- 5.84' -'NORMAl-- - '-"-- l i f 2  "" -- " ' 2.a3 --*-. 

3.33 
32 E UPAKIUW 27 2002 NORHIL -3.65 0.24 1 13 

PIITASS 1UPI 1.60 NORMAL -Om 5 1 0.19 0 090 , .---Nm H&K. --- ." .- .---- Ob54'---" 0.75 ' ' 0.97 
27 0.32 NCRWAL 0.10 0.17 0.24 
21 3.85 NORMAL 0.611 1.74 2 079 ----- . ---. ----- .- - -- -- ---- - . .- - - . 

. . . . . . . .  T 1 

SAMPLES MEAN -3 -2 - 1 
-FTRoRTUN---- /b--q ; 02-"- NmPIAL -.- - -- ' -.--- . - -.--- 3;17- . 

" '  3.58 
E URANIUN 2 6 0.82 NORHAL 0. P 9  0 046 0.64 
POTISSlUIl 26 1.11 NORMAL 0.80 0.90 1000 -- - -  . 

-NORYA ,--- - ' - HIfR - - 0.03 0.24 0.46  
26 0.19 MOA9AL 0.08 0.11 0.15 

2.11 - - - - - - -. - - . - 2.45 Z p 4  



SUS PNV J LLE -..---- ----- .... - .-- .-.. .. . - . . - -- ...- . CUAD 

FORI(&I ION 

SAMPL FS MEAN -3 -2 - 1 4 1 +2 +3 

*7 ?- --BaHAL-' --' ---- T;75-- - T i 7 4  5 • 32 --- .- - *- -.. - 
E URAKlUH 3 74 : , Q l  NORMAL 0.38  

377 

, t 

I 

SAHPL H E A  # -3 -2 - 1 + I  + 2 + 3 

7 - -  -u&33-~-...o .84--. - -"-..2;*3 .- -4- ; bZ--NOSFI ALd'---- C- ~.-e---- F*7P-----1rra"I" --- - --- 
NOWAl -0. a5 0 .51  1.06 2.16 2 .72  3.2 7 
NEPMAL -0.13 

; 7.1.. - NWHAL - *  . .-- ". O3 . ,^ ...- 0 . 2 1  0 .55  . 1.24 1.58 1 9 2  
" 1*55 . .. -a. - - .*.* m----... 3;4'4 - --.-. -. ""--" ' - 

I 2.Bb 
217 vr39 NOqHAL 0. ti1 0 . 1 3  0.26 ' 0.52 0 .65  0 - 7 8  

ET H/I 2 39 4.18 NOlHAL 1 . W  3 -14  5 .22  6 .27  7 .31  - - -.- ----.-- - -.---.-- --. -- - ---.-----.-- .- - .. 2 .10  .- --. - -. --.-.- - - -  .--. -- - --. - -... - I. . . . , -.. .rtd 

F ORMkT 1 C14 t l R  

SAMPLES M EAN -3 -2 - 1 +1 + 2 + 3 sm. 

-ETH ",,m---- '581"-- 
8 Z 3 T N O R U r C -  7r*xF---.-- ---..- "- T,.a6 -.-. -- ..- , lT.EP--.-. 

E URANlUM , i ~ :  5 1  2,31  NORMAL 0 .59  l o l b  1 - 1 3  2.C9 
POTASSlUH m k " ' 5 8  I eEbZ 1.33 1.73 2.44 3.83 4 .99  . ",K . - . 2.26 LCGNORMAL . 

;Z13'--NC "-" 
L3B31"" " ---.-. 

3.50 1-27 - - - -  - 
FU/ETH 5 8 0 2 7  NORMAL 0.09  0 .12  0 .20  0 .15  0 .42  
ETH/K 5 a 3 . 7 1  NOaHK -2.69 -0.41 

--------I-.---- -- .--. -. ---"- -- ---*.- ---. -- - .--- --- - . . .-- 1.65 5.17 7. 84 - . - - - - - -  --.-- . - - 

--- --- - -- -- --.. -.-. .--- - . - * " .  - - ----- .-.. 1; FORMaf  ION . GR 

DATA SkMPLES MEdN -3  -2 
42 

G e THGR r u r -  1793 -- 5.3~- 'LOGNORYRL- ---'-- - T;+Q--- --- z ; T ~ -  
u E URAbIUM 1790 Le39 LOGNORYkL. 0 . 3 ~  0.51  
45 POTASSIUM ' I790 1-29  LCCNORMhc O . i +  , -  0 - 6 3  

FUIK ' - 1783 -" -- 1;17 -" NClPMAL --'.' - ' - O . L ?  - " - 5 , 5 0  
EU/ ET H 1789 0 . 2 6  NCRMAL -0.02 0.08 
ETH/K - - - --------- - ..- I183 4 .36  NORMAL 1.02 . 2-13  

40  -c " -.--.---.. - -- ----.--------. . . .  ..-*-- 
301 



S U S b N V I  L L E  . 
. . . - .. . - -  CUAD 

F C R M l T I G N  - M - 

DATA S I N P L  ES  MEAN -3 -2 - 1 
8 , .  

- ,,,OPTUP .-----' IU ‘- b.3R.-- -mMAI 3 . 4 8  - -  5.33 - - - - 3.53 - '"<".* 

E U R A N I U M  18 0.82 NCRMAI. 0.46 0 058 0.70 
POTASSIUM 10 0 .50  NCRMAL 0.26 0.34 

t..6T -- .---- . . -- - 0. 32- ' ;'-z" ""a 
0.42 

EUJU - .  ------- It3 * --' 6.77 - "' m 1-22 
EU/ETP LO 0.11 NCRMAL 0.02 0.05 0.08 
E T H / k  , I  - 10 13.10 NORMAL 0.35 -- ------ -. -- .-.- - - - -- --- -- - - -- - . . - 4 060 8.85 

rcr-- ' -- -- ' 
. { - *  . ' 8 . 

I. - - - # A  FORMAT I O N  
;& - -- - -.-1 " .---- -----..-- --' ---- ". *'.' - - - HV . - - - -. . . . -A* A . 

MEAN 171 DATA SAHPL E S  -3 -2 * -  -1 :y -*-..**. ----- -- .a.29 -1"':" ..,. 74 - - -.-..-4; =------ rOP----.",;fF- .- . -. -.-.- 1v.j 

F THDRTUH- m ~ - - - - - ~  r9--mnM.-- ------ - -t 
ta-1 

20 E U R A N I U M  460 0.95 NORMAL -0.52 -0.03 0.46 1.45 1.94 2.43 ,?.or - 
POTASSIUM 504 0.15 0.23 4 0.35 7D7R --.- "- " -- 0.52 LGGNORMlL  

'I ;35 
- - --av- -o.5r- . .--- o.ll--  . . .. ,,.'o.73 . -.---' 0.78 

I g, 
.- . - . - --- - 1.11 1.76 

457---- - 7 .-ha----- 3;2 
- -. . -- - - . . - 

E U J E T H  447 0.23 LGGNORMLL 0.05 0.08 . 0.14 0.39 0.66 1.11 
24 FTH/K  451 3 76 LOGNORMR L 1.17 1.72 f .  1 , -2.55 5.56 A.21 12.13 -- ---- - .- - - - - - - - -  -- -- -- - - . ----- --. - - - - - .  - - - - - - . - . - - - -  - -- ----- - - 

I ' L  
2, q 21 FORMAT I O U  MVh .- - - .---- -.- -- - . - -- . - - - - - --- - - - - - -. - - - . - - .- . . . . ---. .- -- - -- --- --- ----- *.-- --------,. - .  -. . . -. 
?a 

OAT A MEA N 20 SAMPLES -3 -2 '- 1 + 1 + 2 +3 
39 

- E T H f l R I U H - - - - - ‘  ,, ----T.,2 -- 2;38--"-"-- 2-63 - -* ---- --.- -- -.- P.18' -- .. ..---3 ;37 *'-- 
11 ---nz--- 
3L E U R A N I U C  17 0.82 1.0GNORMbL 0.42 0 052 0.65 1.02 1.27 1.58 

POTASSIUM 17 0.32 NORMAL 0.23 . 0.26 ' ' 0.?9 0.35 0.18 0.41 13 --E"/K -. -- c .  " ' 
.-.'1;35 . CmNORMC-' '"'-1.40-~%;1"""""-I.RI--. . - -.3.0J I . - - - . - - - - . . - 

u • 3.96-" --.--- 
3s E U J E T H  17 0.28 NORMAL 0.10 0.16 0.22 0.35 11.41 0.47 
3e ETH/K  17 9.47 NORMAL 5.66 6 m93 8.20 10.74 12.00 13.27 . - 
P I  

3s 

39 ---- F O R M l T I  CN MVP - ---..- - - --.I. ----.-..."I --- - .-- - ..--- .- ..-- - - - - ' -.,-.- -. . .- .. . -  g *  *+a . . ...- -.-- .-..-- ---- - . -. 
4a I 
41 OAT A SPHPL ES H E A L  -3 -2 -1 - +1 + 2 +3 
.a 
T, t TIT~RTUM S - - w  -- - r . ~ T - T o I ; H ~ I ~ ~ ~  ----- -- -I ; 79 - -----' z.51- -- - - 3* 2C " .--. ' . . 5*85 .- F T - l o ; - n r - -  .- -- -. - - - ---. --.- - 
!u E URANIUM ..- . r38Q 1.31 NORMAL -0.56 n 006 0.611 1-93 2.55 3.17 

0.80 L CGNORMAL 0.16 0 28 0.47 1.36 2.31 3.93 
2.21 ' NORMAL - -0.32 0.19 0.70 1.72 2.22 - -  " 2.73 - 

385 0.72 NORMAb. -0.01 0 -07 0.15 0.31 0.39 0.47 
ETH/K 363 5 .08  N C R H M  1.48 2.68 3.86 6.28 7.48 8.68 -.- ----- --.- -.-. -,- --.#  -- -. -.-..--. .-."----- .---. ---.- -..-. --.. - .  - -. - . - . - - - - 

- - ..- .-. - * .  ...'.. -.. - - -  a - . .- -- 

.. . . 



FOR.MAT ION MVR 
~ . _ _ _ _ _ _ _ _ _ . _ A _ . - _ * - - _ - _ - - - I -  -._- ,. - - -. .- .- ..- .. - - . -. . ._ . . . .  .. -.-.- . - . _ _ _ _ _ _  _._______^_____ _ _ . _ _  

1.1 DATA SfiMPLES MEhK -3 -2 -1 4 E + 2  + 3 I; I -  
8 :  

6.w0.- --WmP A'-'- 3;84 ----..- 7;83 "-- ...-- '. 
€ T H t l R ~ - * ' 3 3 3 - - '  
E URANIUM 333 1.65 WORNAL , 0.28 Om74 

0 .72  2. 19 
. - - . . 

0.94 ' 

Om12 C.27 0 .33  0 . 3 8  
2.87 3.67 6 . 8 4  

FDR,MAT ION KU 

S AMP1 ES #EAN -3 -2 - 1 + I  + 3 

El'Ftl l f fCU*TU9'--T';! i  8---IJORMiC- -~70---- ?SF(;---"-" 3 ;  1 -=:us----- - 
I .  9 1 

E URANIUM 109 1.34 l!JC)RMAL 3.03 0 .46  0 . 9  E.78 2.22  2 .66  
POTASS IUC 199 1.23 UORHAL -0.19 0 .28  0 . 7  1.70 2 .17  2 l 61 

D; O r -  . -‘- 0.. 38 --- -a*-- 1 . 7  ". T; 48 - " - - --' 
0.28 WORMAC 0.07 0 .14  
3.94 UORHAL -3.22 

27 F ORWAT EON - . -&. - -  - - .  - - -  ---. - - - -  .-.---A- ---- - --. - .. - .- .. P"". ----. "- - - - . - -- ---- -- - - --- - --- - - " -. 
2a -eg!!*f;;T-z , .. ., . 
ae DATA SAMPLES NEAN -3 -2 - 1 -1 + 2 + 3 b - T 3 + $  .. - 

3a , .: 
a I E-THCnrmK- -- -34 7 - 7 0  1 T-LTFABRW L-.--- - "'-- .0;6r ---- --" -r.*,r...--- .. TT;- .--- ".-- -"-I" 

-?aP----- 
32 E UHANlUH 2946 Q.47 LOGNORMAL 3.06 Om09 0 .21  il cob: 2 .38  5.3$ 143 

33 POTASSIUM 34 77 r 0 .32 LGGNQRRAL 0.04 0.08 1 1 C.64 1 28 2m 56  :+ EIRR-- --- --- 
34 29 19-.-- 4-- ---- ---- ;3; 58 '-".'" - 

0 .10  --- --.- a077---t--- - . --- 2 7 &---A -. . . - - - . - . . . - - 4 
3s EUlETH 2936 0.23 NORMAL -3.06 0 -03  0 . 1 3  0 . 3 f  0 .42  0 .52  
aa ETH/K 2919 4.46 LCGF60RMAL Dm 93 1.57 2 .65  . 1-52 12.69 
58 

- . - -  -- -- -1- -. - -- --- *---- . -.--I -- - .----.- - -.- ----- -- - - ---I.---- -- --- 
3. 

3~ FOSHAT ION PVB - ----- --- .-. . -- --".I-- -- -..-- -.-. . - - .  __.- . 
U 

. - - - . -- - - - -- . - - . .- - --- -. .-- - 
41 OATA SLMPL ES HEh W -3 -2 - 1 + 1 + 2  
42 

4s --Tr'J9&'-..'-'-"35g8 - #ORHA1:.- - -. -3 - 3 ; z p - - -  - -  L 1 3  ------ - ' .- 5i4a -- ----- 
6-i 8 T  --'-*- 

44 E URANIUC 10544 0.86 NflRHJIL -3.35 0.1)'i 0.46 1.26 l o 6 6  
45 POTASSIUP 11313 $itd -.O.T8 NORMAL ' -3.47 -0 -05  
. 0.37: . ,12  ar. t.701 1.62  
4. E U I K  - - 4 - 0 4  LCG~~UIUC-W;I,:~ 0 .10  - - '3.21 . 1.68 - -  3.3. - .  - - 
47 EU/ETH 1 0 5 1 0 1  ~ORMXL -3.05 0 004 0 . 1 2  0.24 0 .37  

ETH/K 1 0 4 @ 5 3 ~ - r  g-3 " - - . - -  - ---. . . ..-1. ., . ...- 9" .,.- COGNORMAL J*6b 1.19 2 .16  7-05 12.74 . ---I-.- I -..*..- I + .  .-- - . . -". -.*-- ..--.- 4s ? - 
I 

.--.-- ----.- - . - ---. 6-- -.- --. - _-.-. .. -.. - . --.- . * -- . ' . .- . - -- - - - -  - .--. 
8 4*; 

\ .  
J.>?. 

-rK * 

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

'r4 

I I, 



SUSbNVILLF CUAO - . - . . -" . - .--- ---. -. -. - . . - - .- -- - -. . . . . - - -  - --- . - -. .m------.-*--. -.. -. --- - 
FORYAT ION - - .  PVP - -. . - .-.-.- -. -*. -..--- . , - 

SAMPLES MEAN -3 -2 - 1 + 1 + 2 + 3  

E URANIUM 3 5 t 3  0.84 NORMAL -0.45 -0.02 0.4 1 1.27 1.70 2 0 1 3  
POT ASSIUP 4328 0.5% NORMAL -0.06 0.16 0.37 0.79 1 - 0 1  1.22 

-0.56 - 0.19- * -  - 

~ W A T  t o k  PVR . .- - 

ii -7 T A O K r O ~ O 7  f Z;%T-NOP M A L . - - - F - %  V------ ,, ;3C-" '"-"-. b ; 3 9 v - - p  "18;7F-- ;5q .--..-mo3V .- -.-- .-. -. - . ..-. .- - - 1-i E URANIUN 4 0 1  3.11 NORMAL -2.11 -3.17 1 - 7 7  5.66 7.60 9.54 
POTASSIUM 4 07 1.70 NOPMAL 0.10 0 064 1.17 2 -23  2.76 3.29 --- m7K -- -.----- 402 --..l--ilr i13--. ,. ... .,-. - , *26"- .  " ". ""' . - -  2*11'." ."-"- 0;86'-  ""- 2 7-;;3-7-'-3.18-' -. '-' -. - -- 1.1'9 

Y 

€U/ETH 402 0.26 NORMAL 0.12 0 17 0.22 0.31 0.36 ' 7 l . 7 ,  0.40 ~1 ETH/K 
, -  

4152 7.16 NORMAL 4.00 5.06 6.11 - ---- -3-.-----------. --f,-;.-- .--- -- . - *I- --.. . ... 8.21 ..- - " - - ------ 9.26 10.32 
, z " ~ ~ -  ------ ---,..- -" -. -- - - ---. ... &. 

7 

FORMAT ICN _ .I. 

PM -------- - ---- -.---.- -----.----.-n--* *----. c ------- - - I.- - . - . . . - . . ..A-., ,- ., - . -.,.. -.. --.- .-,.. -.-. ,, . . 

SLMPLES WEAN -3 -2 -1 t 1 + 2  43 

E URANIUM 1 %0 1.12 NORMAL -0. 84 -O.lB 0.47 1 -17  2.42 3 - 0 7  I+ kI !.-I- POTASSIUM nrfK-- 144. 1.05 NORflAL -0.59 -0 005 0.50 1 .60 2.15 2.70 
u 1 4 0  -- 7 ;,~T---NoPRB~' -"--A - 1 i 67 --' ------ - - - -  - - o.71-"-""' 

-. . . 

Fl EJFLH 143 0.22 . NORMAL 0.05 6.11 0.17 01 29 0.34 0 0 4 0  
140 4.10 LGGNORML 1.84 2.41 3.14 5.35 6.98 9 - 1 1  Iq 

a7 
- - - - - - - .  * - . +  ..-- -- -.--- --- -.--.. - "  .- - -. ... . .....--. ---- ------ ---- - - ----..-I - . - - . - _,*"I 

2 wl 
! .  

FORMAT ION PC . - . . - - -. . - -- . ... - -. . -..--I? 
1l.M 

SPMPLFS ME Ak -3 

E THIIRIIRI--* 1 4 7 . 2 l - 7 . C G N O R W l t L - -  -'- 00'9T - 
E URANIUM 12 1 9.71 LCrJWClRMAL 0.13 
POTASSIUM 1 4 0  O r 5 P  LfGNORMAL 6;87- -U"RHAL -. .-. " ". - 0.20 

121 --- -0. 36 , ' 

Ed/ET)I 121 3.18 NORMAL -0.07 
ETH/K 121  4.65 NDRMAL 2.14 



SUSPIIVI LLE CUAD 

FORYArlQN _ _ _.--. .._. -- I - -.. . -. ..-- - ...I - -.. I-------- -- PZ .- - . - . . -  - . -  - - --  
DATA SbHPLES MFAK -3 -2 -1 + 1 + 2 43 

T THURIU 
E UHANIU 
POTASSIU 
FU/K 

ETH/K 

---- - - 
OAT A 

-- 6----J ;91'--'2-OGRDRM ---: --- '-lrIJ---- - 
885 1.1 2 LOGNORYAL 3-31 
906 0 . 9 5  NUFMAL 5-71  

- 8 7 1  --^- 1 ;T2 --LCC.NO#HAL-'" '" 8. L't' "--*-- 

8 t 4  0a23 LCCNORWAL 0 . b  . 
872 4 a 70 LCCNORNAL ---. .-4 ---. . - ----- - . -- . - 1.21 - . . -*. --..,- 

FCRHAT I O N  --- -.---...---- *---- d - *-- 

S W P L E S  HEA PI' -3 

--T*71'-.. "' ' 2.58 ' - - *;ql -A1"'." 
w11-'J4 -+.- -'-- l'3.n' --" '- - 

0 . 4 7  0 .73  1-72 1 2.65 4 .07  
-0.16 0 .40  1 - 5 1  2 .06  2 .62  . '" - . "'S.bd - - - z.oe -*---- 

3.* 8T --- . . - ,* *a A. . - - ..- -? - 

0 mO7 0 .12  0 .43  0 .81  1.51 
1 a 9 0  2 a99 'I 7.3g  11.63 18 .30  -. I -  .-..- .--. .-.- . . -.-..-- .--- .. ------ ...--- .-XI-r- ^ - - - --*'-. . ... 

1 -- -. PZV ..-- - - -.---..-- - . --.,.- ' .-----. .---- -- --- . 

- 2 - 1 + 1 + 2 + 3 

2;34-- - ~ c a m  urn ---'- 11XW-'- -- KT*- ' 7  "-'-.." .30. I. 'i"* +r --.] -. - -  -- 
I 

201 E URANIUM 651 1.14  NORMAL -01 63 4 - 04  0 .55  1.73 2 .32  2 .91  
PClTASSIUCl 675 0 .69  LCGNORWAL 0.23 0 . 3 3  0 .48  1 .01  1.46 2.13 

-651--. -' 3;1 c --NOPHAL 7 -----I' . ;71;PL. . - -  - . . CE.20 ---‘. . .- o.C17. - -. - 2*55- ' - - '  - -  ' 
EU/ETH 644 0 .25  NORMAL 1 '  4 - 0 2  @a07 0 .16  0 . 3 3  0 . 4 2  0.51 
ETHIK 6 5 0  4 - 7 0  NORMAL -1.31 0 -45  2 .62  6-95  9 .12  11.28 -.--------- .-A*... - - -  - - - - .  .- -- -----. ---.---- --- 

ae - 
SAMPL ES MFA w -3 -2 - 1 t 1 +2 

M DiqT.----*+. - ;46- - - - - . . .  2% TYUR#AL--- , - 
32 78 l a 5  NORMAL -0.06 0 . 3 1  0 . 6 8  1 -42  1 * 7 9  
32 7 8 .  0.63 NORHAL 0.17 0.32 0.48  0 .78  0 . 9 4  

78 ----- I' ' ---..IP om*L-",-' ..--- -. 
.e e , -0.32 -- ..- -- 34 

am 78 0.30 NORHAL ' U. 04 0.13  0 .21  0 .33  0 47 0 .55  
2.61 --. I.\_A , 

OVP 

SAHPL ES MEAN -3 -2 

2 0 5  1.09 NOR4AL 
0 .29  0 . 4 1  

- d.38 0 . 6 3  
205 0 .23  NCR'IAL 0.05 0 . 1 1  
LO 5  4 . 9 3  NORMAL 2.31 - . ------- .. ----I- -- . - ..._._--..- .*. . . - - -. 3.18 . - --- . 

- 7---- . - - - - -- ,," ..-.. -. . -. .- - . .- --.- --- - rn 



SUSbNVlLLE 
______I_ _ . - -  ....-......-. -- . _._..-= *_-I- ...- ---- -_ ......."........ -. . - - .- - --- . -.- -- - - - - ..- - - - - . - - -. - . --- CUAD a- 

SAMPLES MEAN -3 -2 -1 

-E.THORTUP-----l*S "- Q. 80'- ZCGNORMU---- -7 ----' Z b l  - * - + a ' - -  - 3.51 - 
E URANIUM I eli 1.65 NORH~L 0.51 0.90 1 - 3 0  
POTASSIUM 145 1.16 LOGNIORNAL 0.  50 0 066 0 .88  

-TUTU 
--- - - --I '*'" - *- -.- . "- .-. -- IS5 ---.- ' .[. , 3.76 

. " 

EU/CTH 145 0.20 LCCN0R.ML 0. 08 0.11 
I I ETH/K 145 4 .30  NORMAL --.--- ...."..-- - ..----- 035  2.33 ..- -. - -- -- - - + --- - 3 ........... ... .. 

SAMPLES MEAN -3 -2 -1 +l ' + 2  - +3 
. . .... .. --- *.*- - ..-."- ...-- "- *; 9'1-.-- - -  * .--- T,-&.--*-r.- ----. -.. ---. - I .  

7;475--tm19AL---- 
404 1.19 NORMAL -0.41 0 .12  0 .66  1.73 2 .27  2.80 

. . . . . . .  .... .. .... - - u7 - - - -- - -- 4 30 0.93 NORMAL -0.17 o.Z1 0 .20  -- 0.56  1.29 - 1.66 2.. 2-02  75-.. -- 
* ,Z.  .-" Ti53 --NORHAC ~ , ~ ~ ' - ; o . Z ~ '  - '-''- *Jz--'--- 1; 74.- --.- - 2 ;  24---- 

EWIETH 4 04 0.24 NORMAL J 0.00 0 -08 0 .16  0.32 0 040  0 .48  
..--- 4 32 4.95 NORMAL --.----...--.-. ----..-. 1.97 2.97 3.96 5.95 6 .94  . 7.93 .-----. --.-----.-- --------- - - - - - - - - - - - - - + w y * *  

FORMATION UB 

........... 
'IT;RT --.- - -sll;Br --q,* 3P +".I."'. O; Z4 - . -. - .*; 3, -."""-. 1 'i9C *- -- z5u-. ..-- - -. 

255 0.30 LCGNORRAL 0.03 0 006  0 . 1 3  0.67 1.50 3.38 
228 8 0.08 LCGNORHAL 0.01 0 .O 8 0 .03  

O.lO-'-* - . 2 z - - . .  " - - o  ..G8---..-.-.-- 0.19 
2, 3d---- • . .... 0.45 1.07 

7S1- 1~0;5--~LM;NrJRWKC '------- 50 14 ' .-- -- [* -.. ----.-. 
'34 0.25 LCGNORHAL 0.04 0.08 0.14 0.45 ' 0.80  1.42 

---- 75 5.68 W K M 4  -1 97 0 058 3 .13  8 .24  10.79 13.34 
. - . A + . " - -  ,.. 4, - - .  & , 3 - . - - - - 3  .... ---.----. .. ...---- --- ---------.- --. -.-- ----- 

84 
FORMATICN CR !3t . - - - - - * - - - - -  _--*+ - - . -  ....................................... -....-.-.- .... -- .......................... .'. 

-a 
SAMPLES MEAN . . -3 - 2 - 1 + 1 + 2 +4 k 

-TI* C6- - -- ' zf;  BL----.. -. - THURIUU'-7B--11;49'-"NORHAL-----' --- 1. %+--'-- Zl 3 6  '----- mar 9 
or .- ---- - -  -.- G 

1-50 NORMAL -2.62 -1 022 0 .18  2.98 4. 38 5.78 
28 1.28 NnRllAL -1 27 -3.42 0 .43  --- 2.13 ..--;-- . 2.04 2.98 -..- -.. -- 2 .51 -  3.83 - -. . 
28 -". - NORMAL-'"-.. -'-f -0.44 "- - - 0.05 ' "- ' 0.55 

0.1 2 NCRMAL 0.00 0 .Oh 0.38  0.16 0 .20  0. 2 4  
7.99 NORMAL -3.21 0 m52 4.26 11-73'  15.47 19.20 - - -,.- -r+l.serrrr .- -, ---.---- - -  . - - ..- 

- .. 

. . . .  

. . 





I A t  C X E S I I I  tLNM b t f L  1IH t i l td l  (I AHL) 

! YJ r L41 low 14A.i CL F L C  UNl t tuSM I[ Pllllhf FLb E I l l  1 LG fU F U I  k F L G  L U I E I H  EUIK E lH/K ttMP PRCS 
I 

(i4HtiS F t t  l CI'S 11'5 CCS PPM PP E PC t CELCIUS MMIlG 
I 5014 64.00d6 -1bO.YI33 '~!J#JJ t o  WAN Y 31  I -12 biAU -1.1 k A O - 0 . 5 N W  U.ONAO 0.0 0.0 0.0 12.1 74b.0 

t 
'. . . , SO00 64.00HI -160.91A~j 5'J.IiD 15 1 M8K U 18  I 3b * A M  0.0 NAD 0.1 N W  0.r NA" 0.0 0.0 0.0 12.7 147.1 -- -4 

5001 6+.0061 -1bO.9116 55JJs l+l Ma# U l a  1 4 NAU 0;2 NAU 0.1 N W  -0. b NbD 0.0 0.0 0.0 12.1 147.4 ,: I 

a 5082 64.00A8 -16U.~ lbo '55JJ>  IJO HI# w 3 1 -60  NAU 0.0 NAU O . ~ N W - O . L N ~ D  0.0 .o.o 0.0 12.1 741.1 
4: 50133 64.OiJH8 -1hO.FI5C 5 5 1 3 ' ~  122 Y I R  i l '  26 1 -4 NAII -2.7 NAD 2.3 -0.4 NAD 0.0 0.0 0.0 1 2 . 1  14ll.0 

5014 b4.UOH9 -160 .914~  5543> I 1 2  N A M  Y 2U 1 -12 MA0 0.5 NA11 -1.7 N U  U.0 NAD 0.0 0.Q 0.0 1201 740.1 
5005 64.0099 -1bU.91~1 5 5 a J ~  132 PAR J 23 1 31  MAR 0.0 NAD 0.4 NAJ -0.3 NAD 0.0 0.0 0.0 12.7 740.5 

'I- 7 I 5006 64.0090 -16O.YIZl 55W> b Y I  Y 22 1 50 0.3 NAD -0.1 hW 0.0 WID 0.0 0 . 0 '  0.0 12 . I  148.0 
a . SO87 64.0Q91 -160.9109 55335 uUO Y 23  1 46  0.3 NAU 0.0 NAO -0.0 NAD 0.0 0.0 0.0 12.7 149.1 

i;~ 
I v 5098 b4.0092 -140.9099 b5334 b r 3  Y 11 1 12 0.b MAR 0.3 NAB -0.3 NAD 0.0 0.0 0.0 12.0 749.3 !. 8 

-- -- 
I..! 5089 bC.OOP2 -1bD.VOAI 55305 660 ". d 20 .l 156 - 1  .(5 NbD 0.1  HER -0.0 &AD . 0.0 . 0.0 0.0.. - 12.8- - - tq9. i  . -...-.---i14 IIJ 

5090 640C093 -160.9075 55334 bcb Y 32 I 113 0.0 NAU O.6MAR 0-ONllD 000  0.0 0.0 12.8 169.4 ,..I 1 SOPl t14.WI3 -1bOt90b* 5531r 0.1 Y 30 3 241  -0.2 NAU 0.6 MAt 0.1 NAD 0.0 0.0 0.U 12.0 149.3 !tal 
5092 b4.0094 -1bO.9052 35304 b l l  U 29 1 343 

'1.' 

*.I; 0.2 NAU 1.1 0. 3 '0.0 ' 4.0 ' 0.0 12.8 149.2 
8.' 5OYB 64.0094-160.9042 55304 619 Y 23  1 659 2 09 -0.0 NAO 0.8 0.0 0.0 3.5 12.0 740.9 'I:' 

I .' 5094 64.009% -1b0.9030 55304 b @ J  Y 34 U 965 3.2 1 .4 0.8 KS-:'.- 24 . 1208. .. . . , -- O.O Nm- .O.* ,5- .--' -.- 0-5 1.9 4.1 12.9 148.5 
l a  - -5095 64.0096 -160.9011 55335 --657' 8.6 71.0- -,,;a -I8. 3 . .-12;Q. ..-118;1 .-...---- 1'" 

, 5096 bC.0096 -1bC.WO1 55305 463 K S  12 O 945 2.5 1.1 0.5 , 0 0 7  3.5 2 12.9 141.0 I:! 
I a1 5091 bc.0098 -1bO.8995 55303 955  r(S 20  0 031  3.0 1.5 00  6 0.5 2.0 5.5 12.9 7 ;& '- ' 3 O Y d  ' '--bC. 0098- ~160.8W35 9 J305'--*97 ' 'KSe.'- 22 - 0 - 5 9  - -.. Z ; T - - . - .  1.4 - - - 0 ,  .-.-;*-s-. p..-* .-,.-... -kZ.9- .rev. l- 
au1 5099 . 64.0099 -160.8913 55305 465 KS 2 9  O 699 1.7 2.0 0.5 111 4 4.1 12.9 146.5 

5100 b6.0100 -160.0962 55305 Cr9  US 28 0 610 0.5 MAD 1.3 0.4 0.0 3.7 0.0 12.9 746.1 a11 2 ---.- .+lOl .' bQ;U1gO = 160; 895(1.. 55305.--i9,. . .- . .=*---. . Zb .--3 .. 501' - -..-.. 2.2.- ' ' -0.5 m r  OO3-. ' -'-'-.O;Z"'--.-r;'C-"t;O -.-.. xz;9--T46-.r- 

-1 5102 b4.0101 -160.lt940 55304 518 K S  ' 35 i) 512 1.3 -0.2 NAD 0.3 0.0 0.0 4.2 12.9 145.1 
5103 64.0101 -160~A920 55301 540 K S  20 0 677 2.1 1.0 0.2 0.5 5.6 11.2 12.0 745.5 -l..l.- - .. - 4 -  b . 0  9 -- Z6  0 ' .  172-.--- 1.2 --- O.-t-mk Os - 08 -. tr.0 iZ.iV-M%-- 
5105 64.U103 -160.0905 5S3Ut bU8 K S  2 1  - 1  b I 1  3.2 3.1 0.0MhD 1.0 0.0 0.0 12.8 745.6 
5106 64.0103 -160.0895 55301 614 US 16 -1 551  3.7 0.2 NAO. 0.3 

-+--. 5107. -b4 *OIU 6 = I W  .8B,, 5535C- '395. --37 ' 
- . . " - - '  I*6'- ' - .' ..-2.. ..--. . 

0.0 0.0 11.1 12.0 745.5 
0.3 -mu- ' - 1:s. -Ilr.s'rZ';'f --f 7;s- 765;s--- 

a d  5108 b4.0105 -160.8813 55332 315 KS 22 -S 510 0.2 NAD 1.3 0.3 0.0 1 0.0 12.0 74503 
4 510'4 64.0106 -160.8860 59304 552 K S  28 - 1  437 0.0 NAD 1.0 0.L WAR 0.0 9 0 0  0.0 12.8 145.2 

'J lw 
s l r . - -  '5110-'- 64-OlOt stbO.ll848 59305 ' S a t - -  I(--' 25 "1 +09 ' 

#."I 
U.5 NAU 1.1 0.3 . .'O.O. . *-O.- -3 .0 -  . lZ.8*-  .T65.1----- 

"i 5111 64.0101 -160.0830 55305 $14 K S  25 -1 379 1.0 MAR -0.1 MAD 0.3 0.0 0.0 3.0 12.0 74+.1 ,a; 

. -*-- 
51 12 b4.0100 -1bO.8026 55305 501  KS 3 5  - 1  325 0.5 MAR 1.4 ~ . ~ M A R  2.5 13.6 5.5 12.8 744.5 

1.4 -- 51 13 64.OlrJB ~160.81)16~~55335-  .+9F"' ' - .Kr" ' - 'ZO-  - 1 - 411 ' - - ' .  ' 0.0 ' NAo - ' . I  O.U'NAD 0.0- 0.[Ta-O;(l'-'-- 1.2 '@'--' 

I 
'7 . 7W;f .--- 

"I 511 t  a+.0109 -1bO.8803 45315 48k KS 22 -1 411 1.0 1.0 0.1 MAR 1.0 12.7 12.9 12.0 744.3 
Y ,  5115 64.0110 -160.8191 55305 4 t 7  KS 28 -1 5 1 1  0.0 MAR 1.1 0.3 1.3 4.0 3.1 I 2 0 0  744.1 

(,* ,. . -*," -.-. .rs .,--. z. @ =.. 181- ' - 51 16 b4.011U-~tb0.878L'~~YS30~ - 4 1 9  - -  I 0 .  b l s ' . '  " 1 .* 0.1 1 ~ - 0 -  ----x.eI 
51 17 b4.0111'-160.0769 55304 4Bb KS 23 0 623 4.3 0 0  8 006  0.2 1.4 7.0 1 2  143.9 Isu; 

JP -1 5110 b 4 * 0 l l l  -160.8159 553iJ3 493 US 22 O 6 0 1  2 0 5  1.5 0.1 0.6 10.2 17.5 12.0 74400 [a11 

u.1- -- 5119 66.0112 -lbG.B1Cb'-55103 ' 5li0 ' ' - US-."-- Z l '  - * O '  - b 9 3 . " ' - - 3 , 5 -  ' '0.5 RaR-'-'U.S-"- -- -0.l"r.I"~ .,* 4.--. , iB-.7qqi2--. 1m.1 
5123 b4.0113 -1b0.8734 55303 509 K Z -  22 - f  b33 2.2 2.6 0.3 1.2 8.6 7.2 12.0 746.2 . "1 en I 1 2 1  L4.0113 -160.8124 5 l h U  516 K S  30 -1 636 3.1 0.2 NAO 0.3 0.0 0.0 10.9 12.8 744.5 

- 3122.-  aq.0113 r1&0;8712 55302.  919 . -. , ~ 5 . -  . t j  - 7 - - 1  -- ' . -1.5 .-.aos-.----w .3 . . . - - ~ ~ ~ - ~ ~ - - . ~ 0 8 . - - ~ ~ ~ ~ ~ - - - -  ;-,I 
5123 64.0113-160.8701 55 j3L  !ill US 2 6  2 658 3.8 0.9 0.4 0.2 2.2 9.0 12.8 745.1 '*I -1 as 5124 6+.0113 -1oO.abHP 5530: S t 1  U S  32 -2  I t 8  0.8 MAR 1.9 0.7 

- t... . 
5125 64 .0113 -160 .067735302~~  5 2 3 -  ' "  K S " .  

32 - 2  763 -‘ 2.T 2 * 2  - DO*.  . . . 
5126 64.0114 -160.U667 55302 541 KS . 24 -1  181 3.2 1.3 -0.6 
5127 b4.Cl14 -1bO. 0654 55301 559 KS 26 - 1  136 1.1 2.6 0.3 2.2 0.2 3.8 12.9 146.0 

.-- 5tZ8 6 4 ~ 0 1 1 4 - i 6 0 ~ 8 b ~ 4 ' 3 5 3 0 0  514 I(S 23 -1  668 3.2 0.2 NAD 0.4 - 0 . 0 . .  '0.0 7 4  12.9 14?-'1 
512'4 bC.0114 -160.8632 55300 592 I(S 21 0 640 2 -4  3.5 -0.0 NAD l o +  0.0 0.0 12.9 741.3 9 5130 64.0113-kbO.Bb2U55JOJ bob (5  14 0 bQ6 1.9 1 09 0.3 1.0 7.1 6.9 12.9 747.3 

a 5131 b 4 ~ 0 1 1 3 - 1 6 0 ~ E 6 0 9 5 5 J 0 i  b17 45' 27  0 595 1.4 0.7 MLIR'. 0.3 

SINGLE RECORD DATA LINE 240 PAGE 
FlWlSHE0 OUrPUTfING LINE ZCU . . .- - -  

:I *I 

LIVE 220 FlnS 2935 10 6865 LIU'WT 10 SRRD TAPE lP4. 
17* ."I - .  . ..... . .. - .. . -.. . I?' 

- -- _ 



A P P . E N D I X  G 

Format, Average ~ e c o r d  Data Listing 



I;I.IIL hl l4.  11ITh l  
U N l l  C o S M  IIIthN CllllhT 

CPS (.VS . CI' \  
u 3 3  - 0  1 4 0  

KS . 43 -6 7 5 2  
Y C 27 - 5  9SH 
1( S 3 -5 10'4 1 
N S 31 -5 1 0 8 %  
K  S 30 -4 I 1 5 6  
K  S .3l -4 1 l H 2  
K S 26 - 4  1245  
K  S 38 -4 1141) 
K 5 . 30 - 3  1211  
K  S 30 ,-1 1016  
K  S 29 -3  13Lh  
K  S 33 -3 9 1 5  
K  S 2 3  -3 9 7 6  
KS 30 - 3  968 
K  S 33 -3  9 2 1  
K  S 3 1  -2  8 0 3  
K S , 23 - 2  1 5 4  
K  S 29 - 1  1006  
K 5 37 - 1  1 \ 5 3  
K  S  2 3 0 1106  
K  5 2 8 0 1034  
% S 21  , . 0 9 6 3  
K  S 2 1 0 840  
K  S 29 0 118  
K  S  33 0 605  
K  S 3 2 1) 6 3 5  
K S 35 0 5 0 1  
K s 2b -1 521  
U S  1 9  -1 4 h 5  
U 34 -I LR7 
K  S 29 - 1  3S8 
K  S 42 -I 516 
K  S 2 9 0 116 
K S 25 ' 0 7 8 1  
K S 32 0 ' 1 ) A  
K  S 25  0 8 5 3  
K  S 22 0 196 
K S 2 1 0 904  
K S  37 1 8 1 0  
K  S 2 7 2  I 6 4  
K  S 3 1 1 750 
K  S 33 1 190  
r S 3 2 I 745 
K s  3b 1 1 7 9  
KS 3 I 1 8 2 1  
K  S 3 I I 858  
K S 3 0 1 998  
K S 2 6 0 1054  
N S  3 2 I 903  
K S 30 0 1040 
N S 2 5 0 9 9 1  
K s . 32 o V G C  

I ' t l  1 F LC. 
PC. T 
0.1 
b. 1 
b .  7 
0. 7 
0.1 
0.7 
0.0 
0.  A 
0. 8 
0.8 
0. R 
0. 8 
0. B 
0.1  
0.1 
0.7 
0.7 
0.1 
0.7 
0.1 
0.7 
0. I 
0 -  1 
0.6 
0.5 
0 - 5  
0.4 
0 - 3  
0.3 
0.3 
0.3 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 
0.5 
0.5 
0.4 
0.3 
0.5 
0.5 
0. f 
0.5 
0. e. 
0.6 
0.0 
0.6 
0.6 
0.6 
0.6 
0. h 

I U  I U FTH 
srn L ~ I I  s r c ~  Prr lA s r o  PINA s r o  
I J C V  WAf lO 3CV H A l l t l  UFV R A l I U  DEV 

hVERACE MFCflPI)  UATA L l N l  240  FACE 4 



A P P E N D I X  H 

I% &t , DOE SINGLE RECORD REDUCED DATA TAPE 



DOE S I N G I E  RECORD FEDUCED DATA TAPE 

Line C h a r a c t e r  N u m b e r  
N u m b e r  1 234567893 1 23456789 1 234567893 1 234567891 2345678931 234567893 1 234567891 2 t 

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

SINGLE m O R D  REDUCED DATA TAPE 

FORMAT FOR TAPE I l E N T ~ I C A ! C I O N  RTLEK ( S Z O N D  m K )  

ITEM 
1 
2 
3 
4 

FORMAT DESCRIPTION 
A40 QUADRANGLE NAME AS PRaTECT IDENTIFICATION 
A20 NAME OF SUBCONTMCTaR 
I4  AP~OXIMATE DATE OF XJRVEY (MONTH, ‘TEAR) 
TI NlJMR3R OF AmTAT, SYSTFMS IRFT) TO K l T D V l "  DATA FnR 

THI3 QUADRANGLE 
I1 AERIAL SYSTDI II!F,NTIFICA!TION COUE FOR FIRST SYSTEM 
A20 AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER FOR 

l?lXl;T 3'I3TB! 
F6.1 NOMINAL ALTITUDE SYSTEM S E N S I T I V I T Y  RELATIVE T O  

TXFRESTRIAL mIIASSIUM ( ~ - 4 0 )  TO ONE DECIMAL PLACE 
I N  CPS PER PERCENT K FQR F I R S T  SYSTEM 

F 6 . 1  NOMINAL ALTITUDE SYSTEM S E N S I T I V I T Y  RELATIVE TO 
TERRESTRIAL URCWIUM ( B I - 2 1 4 )  TO ONE DECIMAL PLACE 
II'T CPS PER PPM EQUIVALENT u 

x.1 NOMINAL ALTITUDE SYSTEM S E N S I T I V I T Y  RELATIVE TO 
TERRESTRIAL THORIUM ( ~ ~ 2 0 8 )  TO ONE DECIMAL PLACE 
I N  CPS PER PPM EQUNAIEN!C TH 

I6 BLANK F I E L D  ( 9 9 9 9 9 9 )  
F6 03 4PI-SYSTEM DATA C O L m T I O N  l2lTEFiVAL TO THREX DECIMAL 

PLACES I N  SECONDS FOR F I R S T  SYSTEM 
% 03 2PI-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL 

PLACES I N  SECOlTDS FOR F I R S T  $YST@l 
13 NUMBEX OF CRANNETS (0-3 PEV> IN 4 PI S Y S T ~ I  FOB FIRST 

mAL 3Ysm 
I3 NlnvIBER OF CHANNELS (0-3 MEV) I N  2 P I  SYSTEM FOR F I R S T  

AERIAL SYSTEM 
(SAME) m E A T  OF ITEMS 5 - 1 4  FOR SECOND AERIAL SYSTEM * * 

X x 
* * 

( ~ k )  WEAT OF ITEMS 5-1 4 FOR NINTH AERIAL SYSTEM 
I3 NUMHER OF ~ I G R T  LINES ON THIS TAPE 
I4 PIRCIT FGICBIT .LINE IWmR OM T I I I 3  TAPE 
16 F I R S T  RECORD bTUMEB OF F I R S T  F L I W  L I N E  
I3 JULIAN DATE (DAY OF YEAR) F I R S T  FLIGHT-LINE DATA WAS 

C0LI;ECTED 
I4,6,  &3 REPEAT OF ITEMS 96-98 FQR SECOND FZIGHT L I N E  ON THIS  

TAPE * * 
* * 

I4,6,  &3 REPEAT OF ITEMS 96-98 FOR 9 q H  FLIGHT L I N E  ON THIS  
TAPE 



Line Character Number 
Number 1 2345678901 2345678931 2345678901 2345678901 2345678901 2345678931 2345678931 2 

52 KIRMAT FOR SINGE3 FECORD REDUCED DATA FECORD (THIRD THRU LAST BLCCK) 
53 
54 ITEM FORMAT DESCKIPTION 
55 1 I1 ~~ SYSTEM INDENTPICATION CODE 
56 2 I4 FLIGHT LINE N[TMBER 
57 3 I6 FtECORDs IDENTIFICATION NUMBER 
58 4 I6 GMT TIME OF. DAY (FfHMMSS) 
59 5 F8.4 LATITUDE TO FOUR DECIMAL PLACES IN DM'TREES 
60 6 F8.4 LONGITUDE TO FOUR DECIMAL PLACES I N  DEGREES 
61 7 F6.1 TERRAIN CLZXRANCE TO ONE DECIMAL PLACE IN METERS 
62 8 F7.1 RESIDUAL ( IGRF REMOVED) MAGNETIC FIELD INTENSITY 
63 TO ONE DECIMAL PLACE I N  GAMMAS 
64 9 A8 SURFACE GEOLOGIC MAP UNIT CODE 
65 10 I4 QUALITY FLAG CODES 
66 1 1 .  %.I APPAFUWT CONCENTRATION OF TEXBETRIAL FOTASSIUM 
67 ( K 4 O )  TO ONE DECIMAL PLACE I N  PERCENT K 
68 12 UNCERTAINTY I N  TERRESTRIAL POTASSIUM TO ONE DECIMAL 
69 F4.1 PIACEINPERCENTK 
70 13 F6.1 APPAREXC CONCENTRATION OF TEXBETRIAL URANIUM 
71 (BI-214) TO ONE D E C m  PLACE IN PPM BJUIVALEXI! U 
72 14 F4.1 UNCERllAINTY IN TERRESTRIAL URANIUM TO ONE DECIMAL- 
73 PLACE I N  I?PM EQUIVALENT U 
74 15 36.1 APP- CONCENTRATION OF TERRESTRIAL THORIUM - 
75 (TL-208) TO ONE DECIMAL PLACE I N  PPM EevIVALEN'J! TH 
76 16 F4.1 - UNCER!l!AINTY I N  TERFLESTRIAL THORIUM TO ONE DECIMAL 
77 PLACE I N  PPM EQUIVALEN'J! TH 
78 17 F6.1 URANIUM-TO-THORIUM RATIO TO ONE DECIMAL PLACE I N  
79 PPM EQUNAIENT U PER PPM EQUIVAI;ENT TH 

8 0  18 F6.1 URANIUM-TO-POSTASSIUM RATIO TO ONE DECIMAL PLACE IN 
81 PPM EQUIVALENT U PER PERCENT K 
82 19 E.1 THCWIUM-TO-POTASSIUM RATIO TO ONE DECIMAL PLACE IN 
83 PPM EQUIVALEN'J! 'El PER PERCENT K 
84 20 R3. 1 GROSS G M I A  (0  -4-3 -0 MEV) COUNT RATE TO ONE DECIMAL 
85 PLACE I N  COUNTS PER SECOND 
86 21 * .  F6.1 UNCERllAINTY IN GROSS GAMMA COUNT RATE TO ONE DECIMAL 
87 PLACE IN COUNTS PER' SECOND 
88 22 F5.1 ATMOSPHERIC BI-214 4PI COFSECTION TO ONE DECIMAL 
89 PLACE I N  PPM EQUIVAIENT U 
90 23 F4.1 UNCERTAINTY I N  ATMOSPHERIC BI-214 4PI COFSECTION 
91 TO ONE DECIMAL PUCE . I N  PPM EQUIVALENT U 
92 24 F4.1 OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE 'IN 
93 DExXEF3 CELSIUS 
94 25 E.1 OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMKG 





DOE RAW SPECTFUL DATA TAPE 

Line Character number 
Number 1 234567891 23456789 1 234567893 1 23456789 1 2345678931 2345678931 23456789 1 2 

1 01 @78 (DATA TAPE TYPE AND FORMAT SPM=IPICATION DATE CODES) 
2 

t 
3 RAW SPECTRAL DATA TAPE 
4 
5 FORMAT FOR TAPE IDENTIFTCMION BLOCK (SZOND BLOCK ON TAPE) 
6 
7 ITEM FORMAT DESCFUPTION 
8 1 A40 QUADRANGLE NAME AS PROJ3CT IDENT IFICATION 
9 2 A20 NAME OF SITBCONTRA~OR 
10 3 I 4  APPROXIMATE DATE OF SURVEY (MONTH, YEAR) 
1 1  4 I1 AERIAL SYS'I'iM XDENPICMION CODE 
12 IS A?C) A I R W  II3~I'TIFICATION BY TYPE MID FBA - 
13 6 I3 BlXC CALIBRATION REPORT NUMBER 
14 7 93 4PI: 3'XlTDl DATA CI)TiTXCTTON TN'TTRVU TO TIBEE UhVLMN; 
15 PLACES I N  SECONDS 
16 8 F6 63 2PI SYSTZM DATA COLLECTION INTERVAL TO TIBEE DECIMAL 
17 PLACES I N  SECONDS 
18 9 I3 F T U M B B  OF CHANNEIS (0-3 MEV) FOR 4PI SYSTEM 
19 10 I3 NUMHER OF CXANNE8 (0-3 MEV) FOR 2PI SYSTEM 
20 1 1  I3 NUMBER OF FZIW LINES ON THIS TAPE 
21 12 I 4  FIRST FLIGHT LINE NlTMBER ON THIS TAPE 
22 13 I6  FIRST RECORD NUMBER OF FIRST FLIGHT LINE 
23 14 I3 JULIAN DATE (DAY OF YEPJI) FIRST FLIGHT LINE WAS 
24 COLLECTED 
25 15-17 I4,6 &3 REPEAT OF ITEMS 13-1 4 FIR. SE0m FLIGHT LINE ON THIS 
26 TAPE 
27 * * i t  

28 * * it 

29 * * 4t 

70 W6-308 T4,h Po3 PEPEXT cX ITIiNE 12-14 FOR 33TH F'LIGEI LINE ON TIE3 
3 1 W E  
32 
33 FORMAT FOR RAW SPECTU DATA F E O R D  (THIRD THRU LAST BLOCK ON TAPE) 
34 
35 ITEM F3BMAT DESCRTPTTON 
36 1 I1 A E R m  SYSTEM IDENTIFICATION CODE 
37 3 T 4  FLIGHT LDlE 1-R 
33 3 I6 RECORD IDENTIFICATION NUMHER 
39 4 I6 GMT TIME OF DAY (HHMFaS) 
40 5 Fa .4 LATI!tWDE TO FOUR DECIMAL PLACES IN Dl33RlBS 
41 6 kB .4 LONGIfmTDE TO FOUR DECIMAL YLACXS I N  DEGREES 
42 7 % .2 TERRAIN CLEARANCE TO ONE DECIMAL PLACE I N  METERS 
43 8 F7.1 TOTAL MAGNETIC FIELD INTENSITY TO ONE DECIMAL PLACE 
44 I N  GAMMAS 
45 9 A 8  SLTRFACE GEOLCGIC MAP UNIT CODE 
46 10 I4 QUALITY FLAG CODES 
47 1 1  F4.1 OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE I N  
48 DEREES CELSIUS 
49 12 FS.1 OUTSIDE AIR PWSURE TO ONE DECIMAL PLACE IN MMHG 
50 13 FS *3 LIVE TIME COUNTING PERIOD TO THRJB DECIMAL PLACES I N  
5 1 SECONDS 

I 

-1 16- 



Line Character Number 
' Number 1 2345678901 2345678901 2345678901 2345678901 2345678901 2345678901 2345678901 2 

52 14 I4 SUMMED RAW OUTPUT FROM COSMIC CHANNELS (3-6 MEY) I N  
53 COUNTS 
54 15 I4 RAW OUTPUT FROM CHANNEL 1 I N  COUNTS 
55 16 I4 RAW OUTPUT FROM CHANNEL 2 I N  COUNTS 
5 6 ,  * * * 
57 * * * 
58 * * * 
59 270 I4 - RAW OUTPUT FROM CHANNEL 256 IN COUNTS 



A P P E N D I X  J 

%mat, DOE STATISTICAL ANALYSIS DATA TAPE 



DOE 'STATISTICAL ANALYSIS DATA TAPE 

Line Character N u m b e r  
N u m b e r  1 234567893 1 23456789 1 234567893 1 2 3 4 5 6 7 8 9 1  23456789 1 23456789 1 23456789 1 2 

1 03 0978 (DATA TAPE TYPE AND FORMAT SPECIFICA!TION DATE CODES) 
2 
3 STATISTICAL ANALYSIS DATA TAPE 

f 
4 
5 FORMAT m~ TAPE IDENTWCATION BLCCK (SECOND BLCCK) 
6 
7 ITEM FORMAT DESCRIPTION 
8 1 A40 QUADRANGE3 NAME AS PROJECT IDENTIFICATION 
9 2 A 2 0  NAME OF SUBCONTRACTOR 
10 3 I4 APPROXIMATE DATE OF SURVEY (MONTH, YT2l.R) 
1 1  4 I 1  N U M R  OF AERIAL SX9iTNS USED TO COLLECT DATA FOR 
1 2  TKLS Q T . T m T G U  
13 5 I 1  AERI'AIJ SYSTEM IDENTII1lCA!L'ION CODE TOR mST SYSTm 
1 4  b DO A ~ C R A F T  IDENTIFICATION BY TYPE AND FAA NUMBER FOR 
1 5  F I R S T  SY$TFIVI 
16 7 I%1] N0lVDNA.L AL'I'l'IYIUE YYYTEM SENSITIVIn @ Z A T I V E  TO 
1 7  TERREXTRIAL FOTASSIUM ( ~ - 4 0 )  TO ONE DECIMAL PLACE 
1 8  I N  CBS PER PERCENT K 

F 6 . 1  NOMINAL ATiTITUDE SYSTEM S E N S I T I V I T Y  RELATIVE TO 
TEWCESTRIAL URANIUM (B1-214)  TO ONE DECIMAL PLACE 
IN CPS PER PPM E Q U I v r n N T  U 

36.1 NOMINAL ALTITUDE SYSTEM S E N S I T I V I T Y  RELATIVE TO 
TERRE;STRIAL THaRIUM ( T L 2 0 8 )  TO ONE DECIMAL PLACE 
I N  C P S  PER PPM EQUIV- TH 

I6  BUNK F I E L D  ( 9 9 9 9 9 9 )  
F6 -3 4PI-SYSTEM DATA COLUCTION INTERVAL TO THREE DECIMAL 

PLACXS lN S E O N D S  KIR FIRST SYSTEM 
F6 -3 2PI-SYSTEM DATA C O L E T I O N  INTERVAL TO THREE DECIMAL 

PLACES IN SXONrn mR F'IRST SYSTEM 
OF CRANNELS (0-3 m) I N  4 P I  
SYSTEM 

SYSTEM FOR FIRST 

NUMBER OF (TMNlZS (0-30 MEV) I N  2 P I  SYSTEM FOR F I R S T  
AERIAL SYSTEM 
REPEAT OF ITEMS 5-14  FOR AERIAL SYSTEM 

Y 

* 
* 

REPEAT OF ITEMS 5-1 4 N R  m H  AERIAL SYSTFM 
NUMEW OF FLIGfFT L I N E S  ON T H I S  TAPE 
F I R S T  FLIGHT L I N E  NlTMHER ON T H I S  TAPE 
F'iKS'I' ~ C U W  NU- OF FIRST FZf(;llf L I N E  
JULIAN DATE ( D K I  OF YEAR) F I R S T  FLIGHT LINX DATA WA3 
COLLECTED 
REPEAT OF ITEMS 96-98 FOR SECOND F'LIGIIT L I N E  ONE THIS  
TAPE * 

* 
* 

REPEAT OF ITEMS 96-98 FOR 99TH FLJGRT L I N E  ON T H I S  
TAPE 



L i n e  Character N u m b e r  
Number  1 2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 

52 FORMAT FOR STATISTICAL ANALYSIS DATA RZORD (THIRD THRU LAST BLOCK) 
53 
54 ITEM . FORMAT  SCRIPTI ION 
55 1 I 1  AERIAL SYSTEM IDENTIFICATION CODE 
56 2 I4 FLIGHT L I N E  NUMHER 
57 3 I6 RECORD IDENTIFICATION NUMBER 
58 4 I6 GMT TIME OF' DAY (HHMMSS) 
59 5 F.84 LATITUDE TO FOUR DECIMAL PLACES IN DM;REES 
60 6 ??8 .4 LONGITLTDE TO FOUR DECIMAL PLACES I N  DM;= 
61 7 F6.1 TERRAIN C-CE TO ONE DECIMAL PLACE I N  METERS 
62 8 F7.1  RZSIDUAL ( I G R F  RFMOVED) MAGNETIC FIELD INTENSITY 
63 TO ONE DECIMAL PLACE IN GAMMAS 
64 9 A8 SURFACE GE0IXX;IC MAP UNIT CODE 
65 1 0  15 QUALITY FLAG CODES 
66 1 1  F6.1 AVERAGED CONCENTRATION OF TERRESTRIAL POTASSIUM 
67 (K-40) TO ONE DECDIAL PLACE IN PERCENT K 
68 1 2  F4.1 UNCERTAIlPrY I N  TERRESTRIAL FOTASSIUM TO ONE DECIMAL 
69 PLACE IN PERCENT K 
70 1 3  . 5 . 1  POTASSIUM STANDARD DEVIATION FROM THE MEAN TO ONE 
7 1  DECIMAL PLACE AND ALGEBRAICALLY SIGNED 
72 1 4  F6.1 AVERAGED CONCENTRATION OF TERRESTRIAL URANIUM 
73 (BI-214) TO ONE DECIMAL PLACE I N  PPM EQUIVALENT U 
74 1 5  F4.1 UNCERTAfNTY I N  TERRESTRIAL URANIUM TO ONE DECIMAL 
75 PLACE I N  PPM EQUIVALENT U 
'76 1 6  F 5 - 1  URANIUM STANDARD DEVIATION FROM THE MEAN TO ONE 
77 DECIMAL P U C E  AND ATJGEBRAICALLY SIGNED 
78 1 7  x . 1  AVERAGED CONCENTRATION OF TERRESTRIAL THORIUM 
79 ( T L 2 0 8 )  TO ONE DECIMAL PLACE I N  PPM EQU1VPLT;ENT TH 
80 1 8  F4.1 UNCERTAINTY I N  TERRE;STRIAL THORIUM TO ONE DECIMAL 
8 1  PLACE I N  PPM EQUIVALENT TH 
82 1 9  F5 .1  THORIUM STANDARD DEVIATION FROM THE MEAN TO ONE 
83 DECIMAL PLACE AND ALGEIWAICAUY SIGNED 
84 20 , F 8 . 1  GROSS GAMMA ( 0 . 4 - 3 . 0  MEV) COUNT RATE TO ONE DECIMAL 
85 .PLACE I N  COUNTS PER SECOND 
86 2 1  X . 1  UNCERTAINTY I N  GROSS GAMMA COUNT RATE TO ONE DECIMAL 
87 P U C E  I N  COUNTS PER SECOND 
89 22 R.l ATMOSPHZNC BI-214  4PI CORRETION TO ONE DECIMAL 
89 PLACE IN PPM EQUIVALENT U 
90 23 F4.1 UNCERTAINTY IN ATMOSPHERIC BI -214  4 P I  CORRECTION 
9 1  TO ONE DECIMAL 'PLACE I N  PPM EQUIVALENT U 
92 24 %.I AVERAGED U R A N W T G T H O R I U M  RATIO TO ONE DECIMAL 
93 PLACE I N  PPM EQUIVALENT U PER PPM EQUIVALENT TH 
94 25 F5.1 URANII'UT%TGTHORIUM RATIO STANDARD DEVIATION FROM THE 
95 MEAN TO ONE DECIMAL PLACE AND ALGEBRAICAUY SIGNED 
96 26 F6.1 AVERAGED URANmTO-POTASSIUM RATIO TO ONE DECIMAL 
97 PLACE I N  PPM EQUIVALENT U PER PERCENT K 
98 27 F S - 1  U R A N W T G P O T A S S I U M  RATIO STANDARD DEVIATION FROM 
99 THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY 
1 0 0  SIGNED 
1 0 1  28 F6.1 AVERAGE THCWIUM-TGPOTASSIUM RATIO TO ONE DECIMAL 
1 0 2  PLACE I N  PPM EQUTVAI;ENT TH PER PERCENT K 
1 0 3  29 FS.1 THORIUM-TO-POTASSIUM RATIO STANDARD DEVIATION FROM 
1 04 THE MEAN TO ONE DECIMAL PLACE AND PLGEIWAICALLY 

. 1 0 5  SIGNED 

121/122 



A P P E N D I X  K 

Format, DOE STATISTICAL ANALYSIS SUMMARY DATA TAeE 



DOE STATISTICAL ANALYSIS SUFTMARY DATA TAPE 

L i n e  Character N u m b e r  
N u m b e r  1 2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 3 4 5 6 7 8 9 0 1  2 ? 

STATISTICAL ANALYSIS sUNW3Y TAPE (OR I?IlX) 

FORMAT FOR TAPE IDENTIFICA!TION BLCCK (SEOND BWK) 

I T D I  FORMAT DESCRIPTION 
1 A 4 0  QUADFUNGI23 NAME AS PROJECT IDENTIFICATION 
2 A20 NAME OF sUBCONTRACTQR 
3 I4 APPROXIMATE DATE OF SURVEY (MONTH, YEAR) 
4 I6 NUMEER OF GE0LCC)IC MAP U N I T 3  USID FOR THIS 

QUADRANGEE 

FORMAT FOR STATISTICAL ANALYSIS EVMWRY DATA RECORD (THIRD THRU LAST 
BLOCK j 

ITEM FORMAT D E S C K P T I O N  
1 A 8  SURFACE GMlLCGIC MAP UNIT IDEMTI??YING CODE 
2 I6 TOTAL REICOFDS FOR GEOLCGIC MAP UNIT 
3 I6 NU= OF POTASSIUM RECORDS CONPUTED FOR (ZEDLOGIC 

UNITS 
4 36.1 POTASSIUM CONCENTRATION MEAN TO ONE DECIMAL FUCE 

I N P E R m K  
5 35.1 POTASSIUM CONCENTRATION Smm DEVIATION TO ONE 

DECIMAL PLACE LN mmpT K 
A7 . KITASSIUM CONCENTRATION DISTRIBUTION CODE 
16 NUMBER OF URANIUM RECORDS COMPUTED FOR GEOLCGIC UNIT 
mj.1  URANIUM C O N C E N T W I O N  MEAN TO ONE DECIMAL PLACE 

I N  PPM ~UIVALEF!!  TJ 
F6.1 URANIUM CONCENTRATION STANDARD DEVIATION TO ONE , 

DECIMAL PLACE I N  PPM EQUIVALENT U 
A3 URANIUM .CONCENTRATION DISTRIBUTION CODE 
I6 NUMHER OF THORIUM RECORDS COMPUTED FOR GEOLCGIC UNIT 
F6. 1 THCWIUI CONCENTRATION MEAN TO ONE DECIMAL PLACE I N  

PPM EQUIVAIXNT TH 
F6.1 THORIUM CONCENTRATION S m A R D  DEVIATION TO UN'E 

DECl2UL PLACE IN PPM EQUIVALENT TH 
THORIUM CONCENTRATION DISTRIBUTION CODE 
NUNEER OF URANIUM-TO-THOFUUM RATIO RECORDS COMPUTED - 

FOR GEOLCGIC UNIT 
1 6  % - 1  URANIUM--TO-THORIUM RATIO MEAN TO ONE DECPMAL PLACE 

. LN PPM EQUIVAIENT U PER PPM EQUIVALENT TH 
1 7  ~ 6 . 1  URANIUM-TO-THOFUUM RATIO STANDARD DEVIATION TO ONE 

D E C I W  PLACE I N  PPM EQUIVALENT U PER PPM EQUIVAI;ENT 
TH 

1 8  A3  URANIUM-TO-THORIUM RATIO DIS!I!RIDUTION CODE 
19 I6 NUMBER OF URANIUM-TO-POTASSIUM RATIO RECORDS 

COMPIPTED FOR C;EOIXX;IC UNIT 
20 F6.1 URANIUM-TO-POTASSIUM RATIO MEAN TO ONE DECIMAL PLACE 

m PPM rnUIVAI;ENT U PER PERCENT K 



L i n e  Character Number  
Number  1 2345678901 2345678901 2345678901 2345678901 2345678901 2345678901 2345678901 2 

51 21 E. 1 URANIUM-TCkPOTASSIUM RATIO STANDARD DEVIATION TO ONE 
52 DECIMAL PLACE I N  PPM X)UIVAIENT U PER PERCENT K 
53 22 A3 URANIUM-TGPOTASSIUM RAT I0 DISTRIBUTION CODE 
54 23 I6 NUMBER OF THORIUM-TGKITASSIUM RATIO RECORDS 
5 5 COMPVTED FOR Q3OLOGIC UNIT 
56 24 E.l THORIUM-TCkKITASSIUM RATIO MEAN TO ONE DECIMAL' PLACE 
57 INPrnEQUIVALENTTHPERPERCENTK 
58 25 F6.1 THOFUUM-TO-KITASSUM RATIO STANDARD DEVIATION TO ONE 
5 9 DECIMAL PLACE IN PPM EQUIVALENT TH PER PERCENT K 
60 26 A3 THORIUM-TGKITASSIUM RATIO DISTRIBUTION CODE 





DOE MAGNETIC DATA TAPE FORMAT ' 

L i n e  Character N u m b e r  
N u m b e r  1 234567893 1 234567893 1 234567893 1.234567893 1 2345678931 234567893 1 234567893 1 2 t 

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

MACzNETIC DATA TAPE 

FORMAT FOR TAPE IDEI?TPICA!J!ION BZCCK (SECOND BLCCK) 

ITEM 
1 
2 
3 
4 
5 
6 
7 

FORMAT 
A40 
A20 
I4 
I3 
I4 
I6 
I3 

DESCRIPTION 
QUADRANGLE NAME AS PROJECT IDENT P I C A T I O N  
NAME 03' SLTBCX)NTRACTOR 
APPROXIMATE DATE OF SURVEY (MONTH, YEAR) 
m R  OF FZIQIT LINES ON T H I S  W P E  
PlRST FZIGRT L I N E  OF T B I S  TAPE 
FIRST F E O B D  NJME3R OF F I R S T  FLIGAT L I N E  
JULIAN DATE (DAY OF YRAR) F I R S T  FLIGHT LIKE DATA WAS 
C O D C T r n  
LATITUDE OF GROUND BASE STATION TO FOUR DECIMAL 
PLACES IN 
LONGITUDE 
PLACE3 IN 

D E D R E 3  FOR F I R S T  FLIGHT L I N E  
OF GROUND BASE STATION TO FOUR 
D F x m E s  FOR F I R S T  FLIGHT L I N E  

DECIMAL 
- 

REPEAT OF ITEMS 5-9 FOR SECOND FLIGHT L I N E  ON T H I S  
TAPE 

R I F E I T  OF ITW 5-9 FOR 9 9 T H  FLIGRT L I N E  ON THIS 
TAPE 

FORMAT FOR MAGNETIC DATA RECORD (TfKRD THRU LAST BTLCK) 

ITEM 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 

FORMAT 
1 1  
I4 
I6 
I6 
Fa 04 
rn 04 
F6.1 
15.1 - 
A8 
3'7.1 

DESCRIPTION 
AERIAL SYSTEM f DENT! IFICATION CODE 
FLIGHT L I N E  NlTMBER 
RECORD IDEN'I! IFICATION NUMHER 
G-MT TIME OF DAY (HHMMSS) 
LATITLTDE TO FOUR DECIMAL PLACES IN DM;REES 
LCINGITWE TO JUUH UECIMAL PLACES I N  DEGREE3 
TERRAIN CLEARANCE TO ONE DECIMAL PLACE I N  WIBS 
OUTSIDE AIR PmSUFLE TO ONE DECIMAL PLACE IN MMHG 
SJRF'ACE GEOLCGIC MAP UNIT CODE 
T m  MAGNETIC F I E L D  I N T ~ S I T Y  TO ONE DECIMAL PLACE 
I N  GAMMAS 
RESIDUAL (IGRE' RFMOVED) MAGNETIC F I E L D  INTENSITY 
TO ONE DECIMAL PLACE IN G.m 
DIURNAL MAGNETIC INTENSITY VARIATION TO ONE DECIMAL 
PLACE I N  GAMMAS 
MA.Glll3TI.C DEPTK-TO-BASEMENT TO ONE DECIMAL PLACE 
IN mERs (IF R E Q u m )  



A P P E N D I X  M 

Reduced Calibration and Test Line Data 



Reduced Cdibrat ion and Test Line Da~a 

Res. n o r .  Res. Thor. Low PrefYight Low Postflight 
Date Flighk 583 261 5 A l t .  T.C. 2h~ bl t .  T.C. 2n 

0911 1/80 69 6 .a 9.3% 400' 1225 11 No Test 

0911 1 /00  70, 6 .@ 9.344 400' 1225 18 No Test 

0911 183 71 6 .@ 9.3% 403' 1225 1 1  No Test 

09/27 /@I I17 5.346 8.% 1 2 2 5  14 403' 1175 9 

09/27/a 'I 19 5 . s  ' 8 . s  403' 1225 14 433' 1175 9 

09/28/a  'I X> 5 -35 8.7% 400' 11513 10 No Test 

09/28/80 =21 5 .% 8.7s 400' 1150 1Ca No Test 

09/29/m - 22 5 .b 8.3% 400' 1175 9 403' 1175 7 

09/29/83 . 123 5 .& 8 -3% W' 1175 403' 1175 7 

09/29/8? 1 24 5 .a$ 8.3% 400' 1175 9 430' 1175 7 

09/29/8C 125 5 .@ 8 3% 400' 1175 9 , 400' 1175 7 

O ~ / ~ O / E J  11 26 N/A N/A N/A N/A N/A N/'A N/A N/A 

10/01/80 1.27 5.6$ 8.5% 40' 1175 9 No Test 

10/06/80 1 39 6 .@ 8.M W '  5 15 KO' 1250 1 1  

N/A = NOT AVAILABLE 





SIJS ANVI LLE QUADRANGILE 

LINE 570 FLOWN AS LINE 571 AND 572 
MAP FIDUCIALS 3579 TO 4334 CORRESPOND TO ORIGINAL FIDUCIALS 4334 TO 3579 
MAP FTDUCIAIS 4335 TO 6570 CORRESPOND TO ORIGINAL FIDUCIALS 12771 TO 15013 

LINE 583 FLOWN AS LINE '581 AND 582 
MAP FIDUCIALS 1998 TO 2773 COEU3SPOND TO ORIGINAL FIDUCIALS 2773 TO 1998 
MAP FIDUCIALS 2774 TO 5378 CORRESPOND TO ORIGINAL FIDUCIALS 17738 TO 15133 

LINE 590 FLOWN AS LINE 594 AND 593 
NAP FIDTJCIAIS 1794 1 TO 18882 'CORFIESFOND TO ORIGINAL FIDUCIALS 18€!82 TO '1 7941 
MAP FTDUCIALS 18883 TO 21 104 CORRESPOND TO ORIGINAI, FIPTJCIALT 731 5 TO 4921 

LDE 603 FLOWN AD LINE GO j AND 604 
MAP FIDUCIALS 975 TO 1763 COEU3SPOND TO ORIGINAL FIDUCIAIS 1763 TO 975 
MAP FTTI1TCTAT.S 1464 TO lfS162 COMSNNU TO ORIGINAL l?IDUCIBL=I 7518 TO 9817 

LLNE 610FZOWNASLINE 611 
MAP FIDUCIALS 1375 TO 4336 CORRESPOND TO ORIGINAL FIDUCIALS 4336 TO 1375 

LINE 623 FLOWN AS LINE 622 AND 620 
MAP FIDUCIALS 1697 TO 1908 CORRESPOND TO ORIGINAL FIDUCIALS 1938 TO 1697 
MAP FIDUCIAIS 1939 TO 4387 CORRESPOND TO ORIGINAL FIDUCIALS 22355 TO 19487 

LINE 630 FLOWN AS LINE 632 AND 630 
MAP ~ U C I A L S  12525 TO I 3209 comsmm TO ORIGINAL FDUCIALS 13209 TO 12525 
MAP FIDUCIALS 13210 TO 15246 CORRESPOND TO ORIGINAL FIDUCIALS 1 XCO TO 9963 

LINE 640 FLOWN AS LINE 643 AND 641 
MAP FIDUCIALS 866 TO 2396 CORRESPOND TO rlRXG1NA.L FIDUCIALS 866 TO 2336 
MAP FIDUCIALS 2397 TO 4242 comsmm TO ORIGINAL FIDUCIAIS 5207 TO 7353 

LINE 650 now AS LINE 653 AND 652 
MAP FTDUCIALS 19593 TO 20837 CORRESPOND TO ORIGINAL FIDUCIALS 20937 TO 19593 
MAP FIDUCIALS 20838 TO 22467 CORFESPOND TO ORIGINAL FIDUCIALS 19469 TO 17839 

LINE 660FLOWNASLINE 667AND 661 
MAP FIDUCW 863 TO 2391 CORRESPOND TO ORIGINAL FIDUCIALS 2391 TO 863 
MU ?XDUCIAIS 2392 TO 4036 CORRESPOND TO ORIGINAL FIDUCW 15457 TO 17719 

LINE 670 FLOWN AS LINE 672 AND 671 
MAP ~ U C I A L S  2733 TO 3974 C O ~ S P O N D  TO ORIGINAT, ~ T J C I A I S  3974. TO 2 ~ j 3  
Map FIDUCPALs 3975 TO 584'3: COHHESmND TO ORIGINAL FIDUCIALS 15247 TO 13379 

LINE 680 FLOWN AS LINE 682 AND 681 
MAP FIDUCIALS 2581 TO 431 4 CORRESPOND TO ORIGINAL FIDUCIALS 4 1  4 TO 2581 
MAP FIDUCIALS 4 1  5 TO 601 5 CORRESPOND TO ORIGINAL FIDUCIALS 1 1 308 TO 1 3509 

LINE 3063 n o w N  AS LINE 3061 AND 3062 
MAP FTDUCIAIS 848 TO 1876 CORRESPOND TO ORIGINAL FIDUCIAIS 1846 TO 848 
MAP FIDUCINS 1877 TO 2729 CORRESPOND TO ORIGINAL FIDUCIALS 41 TO 894 



SusANV1m QUADRANGLE 

LINE 3 7 0  FLOWN A3 LINE 3071 AND 7072 
MAP FIDUCIALS 4018 TO 4938 CORRESPOND TO ORIGINAL FIDUCIALS 4938 TO 4018 
MAP RDUCIAIS 4939 TO 5775 CORRFSPOND TO ORIGINAL FIDUCIALS 7305 TO 6468 

LINE 3m FLOWN AS LINE AND 3081 
MAP FIDUCIATS 2616 TO 3777 CORRESPOND TO ORIGINAL FIDUCIALS 3777 TO 2616 
MAP. FIDUCIALS 3778 TO 4663 CORFtESPOND TO ORIGINAL FIDUCIALS 7536 TO 8422 

LINE 3090 FLOWN AS LLNE 3093 AND 3991 
MAP FIDUCIALS 9901 TO 1 1350 CORRESPOND TO ORIGINAL FIDUCIALS 1 1050 TO 9901 
MAP F'IDUC1A.B 1 1051 TO 1 1 93 1 CORRESPOND TO ORIGINAL FIDUCIALS 1 3296 TO 1 2461 

LINE 3103 FLOWN AS LINE 3103 AND 3101 AND 3102 
MAP FIDUCIALS 16496 TO 16851 CORRESPOND TO ORIGINAL FIDUCIALS 16851 TO 16496 
MAP FIDUCIALS 16852 TO 17519 CORRESPOND TO ORIGINAL FIDUCIALS 9035 TO 9703 
MAP FIDUCIALS 17520 TO 1838 CORRESPOND TO ORIGINAL FIDUCIALS 13477 TO 14335 

LINE 3110.FLOWNASLINE 3111 AND 3112 . 
MAP FIDUCIAIS 731 4 TO 8383 CORRFSPOND TO ORIGINAL FIDUCIAB 8383 TO 731 4 
MAP FIDUCIALS 8384 TO 9210 CORRESPOND TO ORIGINAL FIDUCIALS 19338 TO 18481 




