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INTRODUCTION 

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

Division Western Geophysical Company of America conducted an airborne high 

sens i t iv i tg  gamma-rqy spectrometer and magnetometer survey over ten  (10) areas 

over ,northern California and southwestern Oregon. These include the  2" x l o  

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

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

the Crescent Citg/Eureka are& combined. This report discusses the resul ts  

obtained over the  Chico, California, map area. 

Traverse l ines  were flown i n  an east-west direction at a l i n e  spacing of 

three. Tie l ines  were flown north-south approximately twelve miles apart. A 

t o t a l  of 16,880.5 l i n e  miles of geophysical data were acquired, compiled, and 

interpreted during the  survey, of which 3026.4 l ine  miles are i n  t h i s  

quadrangle . 
This report is a result  of work performed. under Bendix Field Xhgineering 

Corporation Subcontract No. 80460,  Project No. IG0205, as part of the 

National ~'ranium Resources Evaluation. NURE is a program of the U. S. 

Department of Energy's Grand Junction, Colorado, office t o  acquire and compile 

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

distr ibution of uranium resources and t o  determine areas favorable for  the 

occurrence of uranium i n  the United States. 

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

specifications of the contract as stated i n  BFEC. 12-C and BFEC 125C-A. The 

y a m e t e r s  used i n  the  processing of the radiometric data have been 

substantiated i n  a previously submitted calibration report of the Sikorsky 

S-58T instal led airborne gamma-ray spectrometer system. 





DATA ACQUISITION 

Aircraft 

The survey was conducted wing a Sikorsw S-58T helicopter, registration 

N94523, owned and operated by Carson Helicopters, Inc. , Perkasie, 
Pennsylvania. 11.16 f l ight  crew consisted of a pilot (Carson), a navigator 

(Aero), and an electronics system operator (~ero) .  Some of the more pertinent 
characteristics ad specifications of the aircraft are listed below: 

T A B L E  I 

Aircraft Specifications and Characteristics 
. . . . . . . . . . . . . . .  Aircraft Sikoreky Model W8T, 

Registration N94523 
. . . . . . . . . . . . . . . .  Engine Pratt - Whitney PI1 6T Twinpack 

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

. . . . . . . . . . . .  Fuel Capacity 350 U. S. Gal .  

Hourly Fuel Consumption . . . . . . .  100 U. S. Gal .  

. . . . . . . .  Range at Cruise Speed 350 Miles 

. . . . . . . . . . . .  Rate of Cl i rnb  1 X)O Feet per Min. 
. . . . . . . . . . .  Serviceceiling 12500Feet 

Maximum Gross Weight . . . . . . . . .  1 Lbe. 
. . . . . . . . . . . . .  Bnp* Weiht 7200 Lbs. 
. . . . . . . . . . . . .  Useful Load 58lo Lbs. 

. . . . . . . . . . . . . . .  Pay Load 1700 5bs. 

Gamma&ay Spectrmeter System 

The survey was conducted using Aero Service's HISENS A(irborne) G(amma)- 

R(ay) S(pectrometer) 20 R system shown in  block diagrammatic form i n  
Figure 3, pge 12. 

The detector assembly of the spectraneter consists of a primary detector, 

sensing data over a 48 solid angle, and an upward looking detector, sensing 
data wer  a   IT solid angle only. The primary de~ector petchqp comists af 13 
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logs of 4" x 4" x 16" of  Polyscin@, NaI  (TI), each hermetically sealed i n  a 
s t e e l  container and coupled t o  a high quali ty photo-multiplier tube. The 

sensors a re  assembled i n  three slabs of four logs each. Each slab is enclosed 

i n  a heated and thermally stabil ized container. Total volume of the  primary 
detector is 3072 cubic inches (50.34 l i t e r s ) .  

The upward looking detector consists of two 4" x 4" x 16" lo@ of 

Polyscina, each hermetically sealed i n -  a s t ee l  container and coupled t o  a high 

quali ty photo-multiplier tube and enclosed within separate heated and 

themal ly  stabil ized containers. Each of the upward looking detectors is 

mounted on top of one of the primary detector packages, separated by a 0.75" 

slab of lead shielding, i n  order to  provide the 8% shielding effect  @ 3.000 

MeV. 

The preamplifiers provide, with the photo-mult ip l i e r s  , vi r tua l ly  the 

t o t a l  signal  amplification. In order t o  ensure maximum s t ab i l i t y ,  the  

preamplifiers are  enclosed within the t h e d l y  stabil ized packages. 

The combined signal  of each detector slab is output in to  the amplifiers, 

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

bipolar gamsian form. 

The summed and shaped signal from the amplifiers is input into the pulse 

height converter. This unit  performs basically three functions: it 

determines whether a pulse has been received, it determines its amplitude and 

it converts the amplitude in to  a d ig i ta l  number. Since a successive 

approximation analog t o  d ig i ta 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 to  the converter and approximately 

1.5 pseconds due t o  the remainder of the electronic c i rcu i t ,  fo r  a combined 

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

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

milliseconds as channel zero (0) of the mult ispectrd gunma-ray data. 

The function of pulse height anal-yzer is performed by the  HP 21 MX ser ies  

Hewlett Packard minicmputer, which also stores and formats the data, outputs 

them on tape and compares the recorded data with the data stored i n  memory for  

a fool-proof read a f t e r  write check. 

The gmm-rq spectrameter system includes further a Rosemount barmetr ic  



alt imeter,  a Honeywell radar altimeter and a temperature transducer. A 

discrete interface ex i s t s  i n  t he  Hewlett Packard minicomputer t o  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 t q e  drives a r e  employed t o  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  addi-tion t o  the gunma-rqy spectrameter data 

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

al t imeter,  atmospheric temperature, r ea l  time, gmm-ray spdome te r  l i v e  t h e  

and magnetometer data are  recorded. 

Additional a n c i l k r y  equipment carrial aboard the l~el icopter  inoludes s 

cathode ray tube display, a 6-channel heat sensitive analog recorder and a 

35mm camera, triggered by the  data controller  at a preselected interval .  

Magnetometer 

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

precession magnetometer. This sensor w a s  housed in  a fiberglass bird and 

t ra i l ed  approximately 100' below the a i r c r a f t  to ensure optimal signal 

sens i t iv i ty  without need for extensive a i r c r a f t  compensation. We magnetic 

data  were recorded i n  increments, of 0.01 .gpmas, with a sensi t iv i ty  of 0.1 

gamm8.S. 



PRODUCTION SUMMARY 

The 2" x 1" N T B  quadrangle of Chico, California, w a s  surveyed as part of 

a subcontract covering ten (10) areas located over northern California and 

southwestern Oregon. These include the 2" x 1 " quadrangles of Roseburg, 

Medford, Weed, Alturas, Redding, Susanville, Ukiah, and Chico along with the  

1 " x. 2"' areas- of the Coos Bay quadrangle and the Crescent ~ i t y / ~ u r e k a  areas 

combined. The subcontract covered -the f ly ing of a t o t a l  of 16,880.5 l ine  

miles, of which 3026.4 miles are  i n  the Chico quadrangle. 

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

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

commencement of operations through Flight  27 on August 22, 1980. Medford, 

Oregon, i n  the Medford quadrangle, was then used up through Flight  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 Flight  1 3 9  on October 2, 1980. The f i na l  base of 

operations w a s  located at Yuba City, California, in  the Chico quadrangle. 

Throughout the survey, extensive use w a s  made of both a fuel  tmck and 

smaller, secondary a i r s t r i p s  for  remote refueling stops, thus extending the  

helicopter 's  effective production range. 

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

f l i gh t s  were made with the last f l i g h t  being completed on October 9, 1980. 

Production f l i gh t s  were not possible for  twenty of the sixty-one days the  

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

a l t i tude calibration f l i g l n t ,  ten  days were l o s t  t o  inclement weather 

conditions, s i x  days were lost to  a i r c r a f t  maintenance, one day t o  electronic 

maintenance, and two days t o  the i l lness  of the  AGRS system operator. Mary of 
these norrproduction days were used t o  complete the three moves to  new 

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

11, p g e s  16, 17 and 18. 

Total f l y i n g  time was 253.2 hours fo r  an average production ra te  .of 66.'( 

miles per hour. An average of 118.1 miles were acquired per production f l i gh t  

and 411.7 miles were acquired each production day. When computed over the 

t o t a l  number of days on s i t e ,  data acquisition averaged 276.7 miles per day. 

Flight  l i ne  directions and spacing f o r  the Chico quadrangle were east- 

west traverse 3.ine.s three miles apart and north-south t i e  l ines  flown at 
twelve mile intervals. The nominal t e r ra in  clearance fo r  the survey was 400 



T A B L E  I1 

Daily product ion Summary 

DAYE BASE ACT M TY 

Eugene, Oregon 

Eugeae , Oregon 
Euge rie , Oregon 

Eugene, Ore@n 

E w n c ;  Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 

Eugene, Oregon 
M~lfnrd,  Oregon 

Mcdford, Oromn 

Medford, Oregon 

Medford, . Oregon 

Medford, Oregon 

Medford, Oregon 

Medford , Oregon 

Medford, Oregon 

Mdford, Oregon 

FerrjT t o  Eugene, Ore. 

High a l t i tude t e s t  

Product ion 

Weather 

Weather 

Product ion 

Abort - helicopter 

Helicopter maintenance 

Helicopter maintenance 

Helicopter maintenance 

Helicopter maintenance 

Product ion 

Pr 6dmt ion 
Product ion 

Weather 

Proaurt ion  

Product ion 

Product ion 

Weather 

Product ion 

Yr d u c t  iori 

Product ion 

Abort-cloud C ~ P T  

09/01 180 Medford, Oregon Product ion 

09/02/80 Medford, Oregon Weather 

09/03/80 Medford, Oregon Product ion 

09/04/80 Medford , Oregon Pr d u c t  ion 

09/05/80 Medford, Oregon Weather 

09/06/80 Medford, Oregon Product ion 



Daily Product ion Summary 

ACT N I  TY FLIGHT NO. 

09/07/80 Medford , Oregon Production then high winds 61, 62 

09/08/80 Medford , Oregon Magnetometer f a i l u r e  

then product ion 63, 64, 65 

Medford , Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medford, Oregon 

Medf ord , Oregon 

Medf ord , Oregon 

Medford, Oregon 

Medford, Oregon 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Redding, California 

Yuba, California 

Yuba, California 

Yuba, California 

Yuba, California 

Helicopter maintenance 

Product ion 

Product ion 

Weather 

Weather 

Clouds and fog, then 

prdduct ion 
, 

Product ion 

Product ion 

Product ion 

Weather 

P r  d u c t  ion 

Product ion 

Product ion 

Production 

Product ion 

Product ion 

Product ion 

Product ion 

Product ion 

Production 

Product ion 

Product ion 

Prncliict ion 
Operator sick 

Operator sick 

Product ion 

Product ion 

Production 

87, 88 
89 

93, 91, 92, 93, 94 
95, 96, 97, 98 
99, loo, 101, 102 

103, 104, 105, 106 

107, 108, 109 ,  110, 111  

112, 113, 114, 115 

116, 117, 118, 119 

120, 121 

122, 123, 124, 1'25 

1 26 

127, 128, 129, 1 3 0  



DATE BASE 

Daily Production- Summary 

10/07/80 Yuba, California Product ion 

10/08/80 Yuba, California P r  d u c t  ion 

10/09/80 Yuba, California . Product ion 

FLIGHT NO. 



feet. Figure 4 shows a histogram of the terrain clearance of the helicopter 
as recorded by the radar altimeter. The histogram takes into account a l l  
final samples in  this quadrangle. The mean terrain clearance, as observed, is 
agproximately 400 feet. The ground s~eed  of the aircraft, as' determined from 
the distances between samples based on their final X-Y positions, is depicted 
in graphic form in the histogram of Figure 5,  pa@ 21. 
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DATA REDUCTION 

The data reduction process as used in  the processing of the airborne 

w r q y  spectrometer and magnetometer data obtained within the Department of 
Energy (DOE) National Uranium Resource Evaluation (NURE) program is shown in 
flow chart form in  Figure 6, pa@ 24. 

Upon arrival in  the Houston office, the digital data are edited and a 
back-up tape is generally produced. * The EDIT consists partly of a data 

quality check, enabling the elimination of single record spikes in  a q  field, 
outside a specified preselected limit. The EDIT program further checke for 
data continuitg and flags all data acquired at terrain clearances exceeding 
the survey specification. The IDIT further sums a preselected number of 
spectral records at the beginning and end of each survey l ine and f i t s  a 

gaussian curve to diagnostic photopealcs, such as the TI* pak at 2614.5 KeV 

sril the @ peak at 1460 KeV for low altitude l ines  d the annihilation peak 
at 51 1 KeV and the fl peak at 1 460 KeV for hi& altitude lines. The p i t  ion 
of these photopeaks is determined with an accuracy of better than 0.1 of a 
channel and is used to  determine the exact position of the energy windm with 

regard to  channel rnrrdbers. A t  the same. time the calculated standard 
deviations of the f i t ted  gaussian curves serve to  obtain the system resolution 
at the photopeaks used. Note that the 2n system resolutions as determined at 
the fi0 photopalc proved to exceed the @ s p c i f  ication throughout much of the 

survey. !This was most likely due to a small crack in one of the two 2~r 

crystals. However, this  condition proved not to adversely affect the 
acquisition or reduction af the radicmetric d a t a  and it was decided, after 

consultation with BFCEC, not to replace the crystal in the interest of 
expediting the ccmpletion of the survey. The windm count rates are 
normalized for live time and are calculated as follows: 

K : 1 362 KeV - 1566 KeV (channel 1 14 4 130, 0 1 2 ~ev/channel) 

U : 1662 KeV - 1866 KeV (channel 1 39 4 155, @ 1 2 ~ e ~ / ~ h a n n e l )  

T : 2406 KeV - 2826 KeV (channel 2Ol 4 235, 0 1 2 ~ev/~hannel)  
T.C. : 390 KeV - 2982 KeV (Channel 33 4 248, @ 12 ~e~/-el) 

Ccemic : 3054 KeV - 6000 KeV (channel 255) 

'2, 
: 1662 KeV - 1866 KeV (Channel 1 39 4 155, O 1 2 ~e~/Channel) 

The above channel nmibers are valid only i f  sgstem @in corresponds 





exactly to  12 KeV per channel and there is no zero sh i f t .  

The CORRECT program applies the background and cosmic corrections t o  the  

single record window count rates,  corrects the data fo r  Compton sca t te r  and 

atmospheric radon, and normalizes the t e r ra in  clearance. Background count 

ra tes  and cosmic factors were determined from high a l t i tude t e s t  data acquired 

over the  Pacific Ocean, offshore California. 

Potassium Background. =- 50.04 counts per second 

Uranium Backgr o ~ d  = 8.21 counts per second 

Tho r ium Background - .  - 7.26 counts per second 

T o t a l  Count Background = 236.06 counts per second 

2n Bismuth Background = 0.81 counts per second 

PotassiumCosmicfactor = 0.250 c.p.s. percount4ncosmic 

Uranium Cosmic factor = 0.202 c.p.s./cps 4n cosmic 

Thorium Cosmic factor = 0.88 c.p.s./cps 4n cosmic 

Total C m t  Cosmic factor = 4.478 c.p.s./cps 4n cosmic 

  IT ~ i s k t h  Cosmic factor = 0.0505 c .p.s. /cps 4n cosmic 

The Compton sca t te r  f'unctions were determined from data obtained over the 

Grand Junction t e s t  pads, using the radiometric analysis of the bulk sample 

with natural water content. 

The 2n and 4n uranium window count rates are  -related through the 

geometric or equivalency factor.  For the present system, instal led i n  the 

Sikomky S 5 8 T ,  t h i s  factor,  f = 5.1 . Part of the. t e r r e s t r i a l  radiation of 

energy higher than 1662 KeV - the lower threshold of the uranium window - is , 

detected i n  the uranium window of the upward looking detector, due t o  

incomplete shielding, skyshine and shine-around. This shine-thrm&/shine- 

around effect  is assumed to be a function of both the i2tensity of the 

t e r r e s t r i a l  uranium and thorium radiation and of the a i rc ra f t  t e r ra in  

clearmoe. From multi-Xlti.bile data acgu3red over the Lake Mead Dynamic Test 

Range the shine-throu&/shine-around effect  was determined for each a l t i tude 



level .  The data  provided a best '  f i t  fo r  a l inear  terra2n clearance function 
as follows: 

shine-throzl&/shine-around = (0.067 - 2.6 x 10-58) ( u ~  + 0 . 3 0 ~ ~ ~ )  

The shine-through/shine-around corrected Biair  Count ra te  is then: 

The shine-throzl@/shine-around correction is applied t o  the  U2T count 

ra te  at each single record. The single record UZT count rates are then 

averaged over 35 records t o  make them s t a t i s t i c a l l y  compatible with the  d a t a  

of the primary system. The atmospheric radon correction is applied t o  both 

t h e  U4= and t he  Total Count count rates. The equivalency factor for the 

'4n "2n = 5.1 , f o r  Total ~ount/ll2, it is 73.5. 

Within t h e  CORRECT program the  data are  n o d i z e d  t o  a common datum of 

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

column reduced t o  a standard temperature and pressure of 0 ° C  and 76- Kg. 

( 3 2 " ~  and 29.92" ~ g )  . The air absorption coefficients used are  those derived 

from the  multiple a l t i t ude  f l igh t  over the  Lake Mead Dynamic Test Range for 

thorium, potassium and Total Count. The air absorption factor fo r  uranium is 

obtained by straight interpolation between the potassium and thorium a i r  

absorption factors.  Their values are  respectively: 

"K = 2.67 x p r  foot 

uU = 2 . 5 2 ~ 1 0 - 3 p e r f o o t  
= 2.11 x 10-3 per foot 

eC = 2.16 x lo-? p r  foot 

The formula used for  the a l t i tude normalization is: 

Where N400, NH are  r e spc t i ve ly  the cowit rates at 400 fee t  and at a l t i tude 

A, p is air absorption fac tor ,  t is temperature i n  degrees Celsius and P is 

barometric pressure i n  inches Hg. 

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



statistical adequacy of the  data. The c r i t e r i a  f o r  adequacy of the data are  
based on the  work of Lloyd A. Currie (op.ci t . ) .  A c r i t i c a l  level  is 

recognized, below which all observations made fail t o  detect a signal ,  i.e. 

95% of all measurements fa l l  within the  "normal" d is t r ibut ion of "noiseff. The 
detection level  is s imi lar ly  defined as the  level  above which 95$ of the 

measurements made f a l l  within the normal Poisson dis t r ibut ion of "signal". 

Curr ie ts  c r i t i c a l  l eve l  has been adqpted as the count r a t e  level  below which 

data are  inadequate. Data with' count r a tes  above the c r i t i c a l  level  but below 

the detection level  a r e  considered marginal. Above the detection level  data 

a re  considered adequate. For the  s ingle  record data the  formulas are then: 

Count Rate - < 2.33 (sum Corrections) '12 : da ta  inadequate 

2 3 (Sum Corrections) 'I2 < Count Rate - < 2.71 + 4.65 (Sum Corrections) 'I2 : 

da ta  marginal 

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

No ratios have been calculated involving inadequate data i n  e i the r  

numerator or  denominator. Ratios have been calculated when the data  i n  the 

numerator are marginal, provided the data i n  the  denominator are  adequate. 

The thorium, uranium and potassium data  are  subsequently averaged over 9 

records i n  t h e  SPECAVG program. The output is a spectrometer master tape 

containing both averaged and single record data. 

Para l le l  with the radiometric data reduction process, the magnetic data  

a r e  edited and processed. Using the  recovered f i l m  intersections and the 

established ground iden t i t i e s ,  preliminary f l i g h t  paths are  prepared. 'She 

f l i g h t  path is refined i n  the 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 data are  then 

merged with the final X-Y posi t ion of the data points, .the reduced magnetic 

data and the digi t ized geo log ,  and a master tape is with data tha t  

pertain to each quadrangle only. The REGROUP program then eliminates all 

duplicate l i n e  segments, inse r t s  r e f l igh t  segments where required, orders the  

remaining l i n e  segments and renumbei-s the f i d u c i d s  of these ssgments such 

that  the  resul t ing  l i n e  is direct ionally consistent with location sequential 

sample numbers. The renumbered f iducia ls  increase from west t o  east  f o r  

t raverse l ines  and south t o  north fo r  t i e  l ines .  A l i s t i n g  re la t ing  the  

renumbered f iducia ls  t o  the original  f iducia l  numbers as recorded i n  f l i g h t  is 



included in  t h i s  volume as Appendix N and can also be found i n  the back of 

Volume 11. This l i s t i n g  gives both the  l ine  number as it appears on all f i n d  

data  and the l i n e  w b e r  as recorded i n  f l igh t .  Similarly, the start and end 

f iducials  of each f i n a l  l i ne  and/or l ine  segment shown on the f l i gh t  path base 

map a re  given along with the corresponding start and end fiducials  as recorded 

i n  f l i gh t .  When correlated with the f i na l  f iducia l  numbers, the origindl 

f iducia ls  w i l l  increase sequent id ly ' fo r  l ines  flown west t o  eas t  or south to  

north and decrease for lines flown i n  the upyusfLe i l l r e c l i u ~ ~ .  

The fofPvwi~g prucess l~& sLep  alee 3TATAPJAL a d  I-II3MRM. IIIO'MTlM grmp 

the  radiometric data by geological c e l l  uni ts ,  determines the distr ibution of 

the  data as normal or  lognormal, calculates the mean ( fo r  normally distribu,Led 

data) or t he  mode ( fo r  lognormal distr ibutions) as well as the standard 

deviations,. The resu l t s  from HISTGRM are  used i n  the STATANAL program, which 

calculates the  signed standard deviation from the mean for each averaged 

sample fo r  each of the  six radiometric parameters. Its output is the Final 

Spectrometer Master Tape, from which the anomaly maps, the statistical 

analysis  tape, the averaged record and single record reduced data tapes and 

l i s t i ngs ,  the  f l i gh t  path maps and the radiometric and magnetic profiles are  

produced . 



DATA PRESEXTATION 

General 

The final data are  presented i n  four different  forms: on magnetic tape; 
on microfiche; i n  graphic form as profi les and histograms; and i n  map form as 
anomaly maps, f l i g h t  path maps, and computer printer  maps. 

The histograms and the .multiparameter profi les are  presented with the 

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

listings of both the  reduced single record and the reduced averaged record 

data are  found i n  the back of t h i s  report. The format of the printout of the 

microfiches and the  format of the data f i l e s  delivered on magnetic tape are i n  

accordance with the spc i f i c a t i ons  of the BFEC 1 2 a C  and are described in  

appendices F through L of t h i s  report. 

Radiometric Mult iple-Parameter Stacked Profiles 

The radiometric profi les have been prepared at the horizontal scales of 

1 :250,000 and 1 :500,000 on an automated flatbed plotter .  Displayed are  from 

top t o  bottom: t o t a l  magnetic intensitg,  IGRF removed, in  m; radar 

&timeter, i n  feet ;  r a t i o  of eT concentrat ion i n  ppm/potassim concentrat ion 

i n  k; r a t i o  of , ~ u / K ;  e u / e ~  r a t i o ,  atmospheric radon (BIAc) i n  counts per 

second, equivalenced t o  the  4n count ra te ;  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  9&; "Total Counttt count rate.  Flags are  

indicated, where needed, below the base l ine  of the corresponding parameter. 

A short f l a g  indicates marginal data, including te r ra in  clearances between 700 

and 1000 f e e t ,  while a long flag indicates inadequate data. ,Fiducid  markers 

a re  plotted every 200 records, along the top of the profi le,  every 10 records 

near the bottom. 

The f l i g h t  path arid the geologic formations overflown along the l i ne  are  

shown on the  bottom of both the radiometric and magnetic multiple-parameter 

stacked profiles'  below the lower f iducial  markers. Six t i e r s  of formation 

identif iers along with short markers on the f l i a t  l ine  are wed t o  indicate 

changes along the  prof i le  with the base of the ident i f ier  l e t t e r s  aligned with 

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

of the profi le applies to the start of the l i ne  and t h i s  formation continues 

u n t i l  the next marker is encountered. Subsequent changes t o  the a re  



s imilar ly  indicated along the  profi le.  

Magnetic and Ancillary Parameter Stacked Profi les 

The magnetic prof i les  have a lso  been plotted at scales of 1 : 2 5 0 , 0  and 

1 :500,000 on an automated f l a t b d  plotter .  The plott ing sequence of the 

prof i les  is, from top t o  bottom: barometric pressure at a i rc ra f t  a l t i tude i n  

mrn Hg; atmospheric ambient temperawe i n  degrees Celsius, t e r ra in  clearance 

i n  fee t ;  magnetic variations 'at baSe s ta t ion,  i n  gammas; t o t a l  magnetic 

in tensi ty ,  IGFF removed, plotted at 50 gumas per scale division. Fiducial 

markers are w i n  plotted every 200 records along the Ll~p uf the profiles, 

everg 10 records near the bottom. 

Histograms 

Histograms have been prepared for the six radiometric prameters fo r  each 

geologic c e l l  uni t  of t he  NTMS quadrangle area. The horizontal scale of the 

p lo t s  is constant f o r  each of the prameters. Frequency grouping has 

generally been done i n  100 groups per full scale,  although in  some cases more 

groups m a y  have been used fo r  bet ter  definition. In  all cases the vert ical  

scale was normalized t o  the number of samples observed i n  the group with the 

highest sample f r eque ncy . 
For each histogram the  frequency distr ibution type ( n o d  or lognormal) 

is l i s ted ,  as well as the mean (or mode i n  case of lognormal distrlbutiun) 

the signed standard deviations. Note that  f o r  both the n o d  and lognomal 

distr ibution curves the  standard deviation is given i n  terms of the parameter 

value ( K ,  eU', eT, ~ u / K ,  e ~ / e ~  anri ~ T / K ) .  The actual standard deviation is 

obtained by subtracting the mean parameter value from the  +I standard 

deviation f i g w o  i n  o s e  d a normal d i  str ihution,  by dividing the mode value 

in to  the  +I standard deviation figure i n  case of a lognormal distribution. In  

case of lognormal distr ibution curves the standard deviation is th- a 
multiplication factor.  

Each histogram fur ther  lists the t o t a l  rzumber of samples observed i n  the 

geologic unit  and the  number of s t a t i s t i c a l l y  adequate/marginal data samples 

i n  each prameter plot .  

Anomaly Maps 

The anomaly maps have been prepared at scales of 1 : 250,000 and 1 : 500 ,Om 



on an automated flatbed plot ter .  The f iducia l  nunbers along the f l i g h t  l ines  

match those of the corresponding profi les.  Positive signed deviations of the  

mean a r e  indicated by a plus sign .to the north or  west of the  f l i g h t .  l ines ,  

while n e p t i v e  signed deviations a re  indicated by a minus, plotted t o  the  

south or  eas t  of the l ine .  The m b e r  of pluses o r  minuses corresponds with 

the  levels  of standard deviation from the mean. To avoid crowding, standard 

deviation signs a re  calculated and plotted f o r  every f i f t h  sample only. 

Computer Pr in ter  Maps 

Computer pr in ter  p lo t s  are  produced fo r  the t o t a l  f i e ld  and the  s i x  

radiometric channels. Uppr  and lower l i m i t s  were chosen based on the  minimum 

and maximum values of the  gridded data. Ten intervals  are  represented by the 

contour values 0 t o  9. A minus (-) or  a plus (+) sign represents those values 

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

The in terval  for  each integer contour is fur ther  divided in to  two 

groups. For those values l e s s  than .5, the contour is printed; e.g. fo r  

values 4.0 t o  4.5, the  value 4 is printed, while values of 4.6 through 4.9 are 

left blank. 



GEOLOGY 

General 

The Chico quadrangle is located i n  northern ~ a l i f o r n i a  and includes the 

area between 39" t o  40" north la t i tude and 120" t o  122" west longitude. The 
quadrangle covers portions of four dis t inct  geographic provinces. On the 

western s ide  of the quadrangle is the northwest-southeast trending Great 

Valley of California. The Great Valley Province l i e s  between the Coast Range 

and Sierra  Nevada provinces. The eastern border is formed by the west sloping 

Sierran bedrock surface which continues westward beneath the alluvium and 

older sediments. Elevation i n  the valley is a roughly mean sea level  and 

principle drainage is to  the south by way of the Sacramento River. 

To the  north, the  Great Valley is adjoined by a small southern extension 

o f  the Cascade Range. This range is comprised of a chain of volcanic cones, 

which i n  the area of the  Chico quadrangle, are evidenced by a predominance of 

extrusive flows and pyroclast i c  material. The Cascade Province extends 

northward in to  Oregon and Washington. 

A small northwestern section of the quadrangle includes part of the 

Basin-Range Province. This block faulted region of roughly paral le l  ridges 

and troughs l ies wholely within the Great w as in and is a his t inct  product of 

t he  Nevadan Orogeny. Lakes and playas, both cammon features, contribute t o  

the in ter ior  drainage of 'the area. 

The Sierra  Nevada Province l i e s  to the south and camprises most of the 

area i n  the  Chico quadrargle. The Sierra  Nevada is a singular, t i l t e d  fault 

block of great magnitude, nearly 400 miles long, which is expressed by high, 

rugged, multiple scarp faces on the eastern front ,  contrasted by its gentle 

western siope (dipping approximately 2"),  which disappears under the sediments 

of the  Great Valley. There a re  deep river-cut canyons down the western slope, 

whidh have been modified by .glacial  sculpturing. A high cres t l ine  marks the 

emtern escarpmeht. 

Tile Geologic Map of California, Chico Sheet, was used i n  t h i s  survey f o r  

the correlation of surface geology with the radiometric data collected. 

Stratigraphy 

Sediments of the Great Valley Province within the Chico quadragla 



consist  mostly of stream channel deposits and fan deposits. Pyroclastic 

rocks, assorted marine and nonmarine sediments as well as mafic flows and 

metavolcanics occur t o  a lesser  extent throughout the province. Rocks of the 

Cascade Range a re  predo&,nantly volcanic with associated pyroclastic 

sediments. A diverse collection of rock types comprise the Sierra  Nevada 

Province including marine and nonmarine. sediments, plutonic rocks of varying 

composition, a large percentage of volcanic flows and dikes and associated 

metavolcanic sediments. Quaternary f luv ia l  and glacia l  deposits are also 

present to a significant  degree. 

Lake, f luv ia l  and terrace deposits along with granit ic and metavolcanic 

+ -  r o e h  comprioo tho majority of rock types i n  the F&$il?-Ro.n&?~. A ilnlt-hy-11n1t 

description of the r o c k  occurring i n  the Chico quadrangle w i l l  follow, 

beginning with oldest.  

Mississippian Marine Sedimentary and Metasedimentary Rocks (CM) 

The marine sediments and metasediments of Mississippian age are  comprised 

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

characterized by conglomeratic or  tuffaceous beds. Metavolcanic flows of 

undifferentiated type occur locally thr6ighbut the area. 

Permian Volcanic Rocks (~mv)  

A variety of Permian age volcanic roc& occur i n  the area. They 

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

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

fur ther  characterized by local ly  interbedded carbonates. 

Palezoic Metavolcanic Rocks (E!v) 

The Paleozoic metavolcanics of the area include metakeratophyre, 

metamorph0SeB tuff , srugite-arldesl l e  breccia wit11 locally occurring 

undifferentiated volcBflic $ills and flw. 

Paleozoic Marine Sedimentary and Metasedimentarg Rocks ( B )  

- Interbedded~ phyl l i te ,  a r g i l l i t e ,  s l a t e ,  quartzi te,  metagrapacke, 

metachert and chlor i te  or hornblend sch i s t s  comprise the Paleozoic marine 

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

dolomite (Is). 



Pre-Cenozoic Granitic and Metamorphic Rocks ( gr-m) 

These pre-Cenozoic rocks a re  comprised of largely undifferentiated 

mi-tized metavolcanics and metasediments which are  cut local ly  by injection 

gneiss. 

, Pre-Cretaceous Metavolcanic Rocks (mv) 

The pre-Cretacems metavolcanics i n  the area consist of massive 

amphibolite, chlori te schist  and tuffaceous schist  which are locally cut by 

metamorphosed diabase dikes. Occurring more rarely are beds of metachert, 

a r g i l l i t e  and limes tone. 

Pre-Cretaceous Metamorphic Rocks, Undifferentiated (m) 

The undifferentiated metamorphic rocks of pre-Cretaceous age consist of 

chert ,  metquar tz i te ,  locally graphitic and micaceous. phyll i tes and schists .  

Also occurring more rarely are  beds of dolomite, and marble (IS). 

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

These met avolcanic rocks include met adacites and meta-andesites which 

occur as sills and flm. Also occurring are  volcanic breccias and locally 

fossi l iferous tuff. In  the  Chico quadrangle, the metavolcanics are comprised 

of amphiboli t e s ,  metabasalt and rhyolite, quartz and hornblende porphyries. 

Triassic Marine Sedimentary and Metasedimentary Rocks (R) 

The Triassic marine sediments consist of interbedded limestone, sandstone 

and shale with local ly  occurring hornfels, quartzi te and volcanic 

conglomerate. 

Middle and Lower Jurassic Marine Sedimentary and 

Metasedimentary Roclrs (Jml) 

Middle and lower Jurassic marine sediments include a rg i l l i t e s ,  tuffaceous 

sandstone and shale, along with locally f ossiliferous limestone. Slates and 

metaconglomerates generally cmpr i s e  the metamorphic rocks. 

Uppr  Jurassic Marine Sedimentary and Metasedirner~tary Rocks (JU) ,- . 

The upper Jurassic marine unit consists largely of shale and s la te ,  

phyl l i te ,  bedded to massive sandstone and graywacke interbedded with locally 

f o s s i l i f c r o u ~  tu f f .  



Mesozoic Ult rabasic Intrusive (ub ) 

The ul t rabasic  intrusives consist,  f o r  the m s t  part ,  of peridoti te,  

minor pyroxenite and dunite. 

Mesozoic Basic Intrusives (b i )  

The Mesozoic basic intrusive rocks consist chiefly of locally schistose 

hornblende gabbro , amphibolit e , and hornfels . 
Mesozoic Granitic Rocks ( g r )  

Granitic rocks of the Nesoznlc jn,clnds varying sized pods and pLu@ of 

gabbro, d io r i t e ,  trondhjemite, granodiorite, tonal i te  and quartz monzanite. 

Upper Cretaceous Marine Sedimentary Rocks (KU) 

The marine sediments of upper Cretaceous age consist of interbedded 

sandstone, shale and local ly  massive conglomerate. 

Tert iary Volcanic Rocks (Tv) 

The volcanics of the  Tertiary p r i o d  i n  the area are  comprised of l igh t  
colored andesite flows (!ha), basalt ic flows and plugs (Tvb), and locally 

pyrochs t ic  tuffs and breccias (TvP). The Ukiah quadrangle Tertiary volcanics 

a r e  comprised of basalt  only. 

Tert iary intrusive Hocks ( T i )  

Intrusives include rhyoli te plugs (Tir ) ,  andesitic breccias ( T i a )  along 

wtth basal t ic  dikes and plugs (Tib). 

Tert iary Lake Deposits (TI) 

The Tert iary lake deposits i n  the area include argillaceous to  arenaceous 

sandstones with loca l  volcanic ash or tu f f .  

T e r t i a r y  - Nonmarine -. Sediwentary__Rocks (Tc ) 

Nonmarine sediments are  characterized by auriferous gravel deposits which 

a re  local ly  interbedded with sandstone and conglomerate. 

Eoccnc ~ o l o a n i c  Rocks (EV) 

Black olivine columnar basalt flows (Evb) comprise most of the Eocene 

volcanics. In t he  Chico quadrangle however, rhyoli te (Evr) and andesite (Eva) 

t u f f  and breccia occur locally,  associated with volcanic sandstone and 



conglmerate . 
Eocene Marine Sedimentary Rocks (E) 

In  the  Chico quadrangle, the  Eocene marine sediments occur as glauconitic 

fossiliferous claystone and shale. In  the  Ukiah quadrangle, t o  the west, 

these sediments consist of f i ne  t o  medimgrained sandstones which are  locally 

carbonaceous and conglomeratic. 

Eocene Nonrnarine Sedimentary-pocks (EC) 

Arkosic sandstones, quartzomicaceous sandstones, shales and. conglomerates 

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

Susanville 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) 

Throu&out the area, Oligocene volcanics are  characterized by black 

weathering pyroxene and hornblende andesite and mudflow breccia which a re  

local ly  tuffaceous and conglomeratic. Pyroclastic rocks ($6)) a re  the 

predominant Oligocene volcanic type i n  the  Chico quadrangle. 

Oligocene Marine 'sedimentary Rocks (@) 

Oligocene marine sediments i n  the area typically occur as foss i l i feraus  

silty shale interbedded with tuffaceous sandstone and conglomerate. 

Miocene Volcanic Rocks (Mv) 

Rhyolite (Mvr) and andesite ( M V ~ )  flows with local  th in  layers of tuff 
and ob id i an ,  often associated with pyroclastic (MvP) breccia8 and mudflows, 

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

Pliocene Volcanic Rocks (Pv) 

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

consist of rhyolites (pvr) , andesites (F'va) , basalt ic flows and breccias 
(pvb) , along with pyroclastic t u f f s  and mudflows (PvP) . Malts and. tuffs are' 

the prevalent volcanic rock types i n  the  Ukiah quadrangle t o  the west. 

Undivided Pliocene Nonmarine Sedimentary Rocks (PC) 

Undivided nonmarine sediments i n  t h i s  quadrangle are comprised generally 

of sandstones, s i l t s tones  an8 gravel. 



Quaternary and/or Pliocene Cinder Cones (*) 

Locally basa l t i c  cinder cones occur i n  the Susanville and Alturas 

quadrangles and are  associated with volcanic t u f f s  i n  t he i r  occurrepce i n  the 

Chico quadrangle. 

Pleistocene Volcanic Rocks (Qpv) 

Basaltic flows (Qpvb) and pyroclastic tu f f s  (QpvP) occur throu&out the 

area i n  all but t h e  Ukiah and Redding quadrangles. The Pleistocene volcanics 

i n  the  Alturas, Susanville and Weed quadrangles are comprised predominantly of 

andesites and rhyolites . 
Pliocene - Pleistocene Nonmarine Sedimentary Deposits (QP) 

Largely undifferentiated lacustrine and f l u v i a l  deposits containing l o c d  

conglomerates and interbedded sandstones and claystone comprise the bulk of 

the Pliocene - Pleistocene nonmarine sediments i n  the area. 

Pleistocene Nonmarine Sedimentary Deposits (Qc) 

Pleistocene nonmarine sediments consist generally of fanglomerates, 

de l ta ic  sandstones, s i l t s tones ,  gravel and clay. In  the Susanville, Chico and 

Redding quadrangles the  sediments also include intercalated volcanic ash or  

debr is ,  

Quaternary Nonmarine Terrake Deposits (Qt  ) 

The Quaternary nonmarine terraces include river,  stream and lake terrace 

deposits, along with some fanglomerates, del ta ic  and slopewash deposits. 

Qmternary Glacial Deposits (Qg) 

Temiiml d19a l a t c r d  moraines, till and fl1~1rnela.cia.l deposits alollg with 

l a t e r  associated accumulations, such as bog and s o i l ,  make up the major 

Quaternary g lac ia l  deposits throughout the area. 

Quaternary Lake Deposits ( ~ 1 )  

The Quaternary lake deposits include sand, silt, ash and local 

d i a t o w e m s  s a e h  i n  playa-like deposits i n  scattered basins of in ter ior  

drainage. This prt of the section i n  the Weed and Redding quadrangles &so 

includes predominant g lac ia l  lake deposits. 



Recent Basin Deposits i n  the Great Valley (Qb) 

Recent basin deposits i n  the Great Valley consist of sediments deposited 

during flood stages of major streams i n  the area between natural stream levees 

and fans. 

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

Alluvial fan deposits ramging .in age from Pleistocene t o  Recent are 

carried by streams emerging from high k n d s  surrounding the  Great Valley. 

Recent River and Major Stream Channel Deposits i n  the Great -Valley (Qsc) 

Recent deposits of sand, gravel, silt and .minor amounts of clay occur 

along channels, flood plains and natural levees of major streams i n  the  Great 

Valley area. 

Recent Alluvium (Qal ) 

Alluvial silt t o  coarse gravel which is locally brecciated or 

conglomeratic, occurs i n  the  Great Valley and is often associated with fan, 

terrace or local  lacustrine deposits. Recent alluvium in  the Weed and 

Susanville quadrangles also includes areas of local  g lacia l  outwash. 

Structure 

The major fault ing trend i n  the Chico quadrangle is north-northwest by 

south-southeast and includes the massive shear zone on the southeastern border 

of the Great Valley. Major f au l t s  include the Big Bend Fault,  Camel Peak 

Fa i l t  , Dogwood Peak Fault,  Rich Bar Fault and the Melones Fault zone which is 

located near the center of the quadrangle, as well as the Mohawk Valley Fault, 

Last Chance Fault,  Hot Springs Fault,  Grizzly Valley Fault and the southern 

extension of the recently active Honey Lake Fault i n  the northeastern corner 

of the sheet. 

A thermal .spring occurs to  the immediate northeast ' of the Mohawk Valley 

Fault, .  and several thermal wells are  located i n  the vicinity of the Hot 

Springs Fault.  Several volcanic cones dot the quadrangle n o d h e s t  of Lake 

Tahoe with possibly the most notable, Sutter Buttes, located in  the  Great 

Valley, northwest of Yuba City. The eastern portion of the quadrangle is the 

most t e c ton i cd ly  active,  with some occurrence of recent faul t ing north of 



Lake Tahoe and i n  the Sutter Buttes areas. Displacements south of Lake 

Oroville and west of New Ballards Bar Reservoir have been recorded as recently 

a~ 1975- 



INTERPRETAT ION 

General 

The airborne gamma-ray spectrometer survey is conducted i n  support of the 

Department of Ehergy ' s National Uranium Resource Evaluation (NURE) program. 
. . The primary purpose of the  survey is regional resource evaluation as opposed 

t o  local  anomaly identif icat ions.  The in terpre ta t  ion of the  radiometric data  

is directed towards determining zones- of possible depletion of uranium which 

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

enrichment i n  uranium and indicating the  geological formations which a re  most 

l ike ly  t o  be mineralized within a possible uranium province. 

The areas of possible uranium depletion/enrichment a re  outlined with the  

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

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 higher/lower than at l e a s t  one standard 

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

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

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

The probability of a geologic formation t o  be mineralized by a given 

element m q -  be estimated from the  dispersion of the  geochemical d is t r ibut ion 

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

l e s s  the likelihood tha t  an extremely high concentration of tha t  element 

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

The decision of both the "favorability" of a formation and of the 

presence of a regional geochemical anomaly is influenced t o  a large extent by 

the  choice of the geological c e l l  un i t s  used i n  the correlat ion of the 

radiometric and geologic data. 

The radiometric prameters used i n  the present report are concentrations 

i n  prts per million of equivalent uranium and equivalent thorium and i n  

percent of potassium and t h e i r  ra t ios .  The radiometric count ra tes  of the 

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

c a i b r a t e d  at the Lake Mead Dynamic Tes t .  Range against sources of known 

concentrations of potassium, uranium and thorium. The s e n s i t i v i t i e s  of the  

A.G.R.S. system, normalized to  400 f e e t  t e r r a i n  clearance at standard 

temperature and pressure are: 
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Geochemical Analysis 

A t o t a l  of forty-six map.ped rock un i t s  were encountered i n  the course of 

t h e  Chico quadrangle survey. 'In addition, samples were taken over bodies of 

m t e r ,  mainly scattered Lakes i n  the Sierra  Nevada. 

The uliiest roclw encountered i n  the survpy are several Paleozoic systeme, 

otherwise undifferentiated as t o  age. The Paleozoic marine sediments and 

metasediments ( B ) ,  widely exposed across the central  part of the map sheet In 

discontinuous outcrop areas, display n o d  histogram distr ibutions i n  the 

uranium and potassium channels, and lognormal in  the thorium channel. 

Dispersion is very great  on all three spectral channels and the thorium and 

potassium curves show incipient secondary peaks. The formation is apparently 

an assemblage of many l i thologic components, with great variation in 

composition. 

Paleozoic metavolcanics (PV) a r e  present i n  the central and north central 

Ws of the  quadrangle i n  a few irregularly shaped outcrop areas. Their 

histogram distr ibutions are  l o g n o d  in  the thorl-wl and potassium spectral. 

window, and normai i n  the  waniurii window. D L t j ~ l - t j i ~ n  is l o w ,  o,nd the leean 

elemental concentrations are low. The metavolcanics are l ikely  t o  be 

primarily mafic i n  composition. Modest tailing into higher concentrations is 

observed i n  the thorium and potassium curves, indicating the presence of a 

minor amount of comparat ively f e l s i c  constituents . 
P r d r e t a c e u u s  metavolcanic rocks (mv) are  present i n  a few small, 

irregularly shaped outcrop areas i n  the central  and north centl.a.l part of the 

map sheet. The rock uni t  description indicates that  Lhis unit i3 Eu? 

undifferentiated system consisting principally of amphibolite along with other 

me tavolcanic components, together with some metasedimentary rocks. The 

histograni d1strflul;iuns tend to  bear t h i s  out. 411. three spectral  channels 

have lognormal distr ibution,  great i r regular i ty ,  extremely low mean elemental 

concentrations, and extensive t a i l i n g  into higher concentrations. The 

potassium channel displays a broad, irregular secondary peak at approximately 



2.1% volumetric, ranging up t o  4.0% i n  perceptible sampling response. Several 
peaks a re  observed on the thorium and uranium channels, also,  but whether 

these are  generated by contrasting rock facies or inadequate sampling is 

problematical. The t o t a l  aspect of the s t a t i s t i c a l  study suggests that  the  

bulk of the rock un i t  is high i n  mafic rock minerals and low i n  si l iceous and 

f e l d s p t h i c  minerals; composition is consistent with amphibolite. However, 

the prominent t a i l i ng  into higher -concentrations suggests the presence of 

gradat ionally increasing f e l s i c  composition. The attenuation of the potassium 

histogram into very high concentrations probably indicates the presence of 

rocks having appreciable quanti t ies of orthoclase feldspar. 

The Ju ra s s i c /~ r i a s s i c  metavolcanic rocks (J%v) outcrop extensively i n  

exposures of variable areal  extent throughout the  quadrangle, with the  largest  

of these exposures i n  a long, irregular north-south bel t  i n  the west central 

gart of the  quadrangle, along the foothi l l s  of the mountain range. The 

histogram distr ibutions are lognormal on a l l  three spectral  .windows. They 

show low mean elemental concentrations, minimal dispersion, and modest t a i l i ng  

into higher concentrations. The un i t  is described as a ffcatch-all" un i t  

including a very ' k d e  range of volcanic and metamorphic rock types, possibly 

including Paleozoic rocks i n  its main exposure i n  the mountain foothi l l s .  The 

histogram patterns suggest tha t  the  bulk of the formation is mafic i n  

composition, with a .minor amount of constituents grading into more f e l s i c  

composition. 

Middle and lower Jurassic sediments and metasediments (Jml) a r e  exposed 

i n  the eastern and southeastern part of the quadrangle, west of Lake Tahoe. 

The histogram distr ibutions a re  normal i n  distr ibution in  all s p c t r a l  

channels. They show extreme i r regular i ty  throughout t he i r  range and broad 

d i s ~ e r s i o n  i n  all three curves. The mean elemental concentrations are high. 

The general aspect of the histogram studies is that  of a va r i ee t ed  rock unit 

including a broad range of compositional constituents. The preponderance of 

the  unit members is f e l s i c  i n  gross composition. 

Mesozoic grani t ic  rocks (gr), expsures  of the Sierran batholith 

intrusive into the pre-existing Mesozoic and Paleozoic rocks, are extensively 

exposed throughout the eastern and central portions of the Chico quadrangle. 

The histogram distr ibution patterns a re  lognormal i n  all three spectral 
channels, with extremely broad d i s p r s i o n  patterns. Secondary peaks i n  higher 



elemental concentrations are present on. the  thorium and uranium channels, and 

t he  potassium channel is attenuated t o  beyond 3.M K volumetric. The granit ic 

r o c h  a r e  interpreted as including a wide compositional range, with two main 

constituents; presumably granodiorite and quartz monzonite contributing t o  the 

main peaks and granite t o  the  subs'idiary, more f e l s i c ,  peaks. 

Two other intrusive rock types a lso  outcrop i n  discontinuous north-south 

be l t s  i n  the centra l  part of the map sheet, most prominently along the  Melones 

Fault sys.teru. They are the  Mcoorsoic basic i n t n ~ s i v e s  (b i )  and the  Mesozoic 

ul t rabasic  in tms ives  (ub). The former w e  described as being predominantly 

gabbros and dlor l tes,  ulil the lak6er m mainly serp?nt;inixd illtrabasic 
~ . o \ = b .  Thc hiotogram d is t r lb i~ t inns  of the two rock uni ts  are almost 

identical .  Both s e t s  display lognormal distr ibution i n  all windows, s l igh t  

dispersion, and very l o w  mean elemental concentrations. b t h  s e t s  of 

histograms suggest mafic compositions, with sliat t a i l i ng  into comparatively 

f e l s i c  facies. 

The mst widely represented volcanic rock uni t  on the Chico quadrangle 

a re  t h e  Pliocene pyroclastics (PvP), which outcrop as erosional remnants i n  

the  upland areas of the  Sierra  Nevada, and i n  the foothi l l s  i n  the 

northwestern p r t  of the  map sheet. The three histogram spectral  windows all 

have lognormal dis t r ibut ion and s l i gh t  dispersion. The thorium and potassium 

windows display small secundary peak! at higher concentm'atior~s. The mean 

elemental concentration, and the concentration values of the main peaks, 

indicate that  the  bulk of the  Pliocene pyroclastics (PvP) are basalt ic i n  

composition, with a minor facies of more f e l s i c  rocks. Of the differentiated 

members o f  t he  Pliocene volcanic system; andesites, basalts and rhyolites 

(pva, pvb ard PV') , the andesites and basalts  show comparatively low mean 

elemental concentrations and extreme t a i l i ng  into higher concentrations. 

Presumably these represent minor amounts of f e l s i c  differentiates.  The 

Pliocene rhyoli tes (pvr) c o n l r i b ~ t d  onlfl twcnty-low samples, hilt o;U of 
these were i n  the high concentration ranges consistent with f e l s i c  

composition. 

' A large area of Tertiary ardesites,  ( T V ~ ) ,  undifferent ia td  as to  epoch, 

is mapped i n  the  eas t  center i n  the uplands between Sierra  Valley and the 

L i t t l e  Truckee River. The histogram curves show normal distr ibution i n  the 

thorium and uranium spectra l  windows and lognormal distr ibution i n  the 



potassium window. Dispersion is moderate and the mean elemental 

concentrations are  consistent with andesitic composition. A weakly expressed 

dual peak is present i n  the zone of most abundant concentration i n  the  uranium 

histogram, but whether t h i s  represents rock type differentiat ion or a 
s t a t i s t i c a l  aberration is problematical. 

The basal t ic  phase. of the  Tertiary volcanics ( T V ~ )  displays extremely 

e r r a t i c  histogram distr ibution,  logriormal on all three spectral channels. 

Tailing in to  higher concentrations is extreme. The mean elemental 

concentrations are significantly lower than those of the Tertiary andesites 

( T V ~ ) ,  consistent with basalt ic composition, but the persistent t a i l i ng  into 
higher concentrations s-sts the existence of andesitic differentiates.  

The Tertiary pyroclastics (TvP) are normal i n  distr ibution in  all three 

windows. They closely resemble the andesites ( T V ~ )  i n  the i r  histogram 

expression and they are  probably andesitic i n  gross composition. 

Of the Miocene volcanics, the  m s t  widely exposed are the pyroclastics 

(MvP). They are  most prominent i n  the northeast, i n  the  mountains immediately 

north of Sier rava l ley .  Histograms of all three spectral  windows are  e r ra t i c ,  

with lognormal distr ibutions and persistent t a i l i ng  into higher elemental 

concentrations. The mean elemental. concentrations are  f a i r l y  low,  suggesting 

basalt ic or andesitic composition. 

Miocene andesites (ma)  show normal uranium. and potassium histogram 

curves and a lognormdl thorium curve. Dispersion is s l ight .  The mean 

elemental concentrations are  comparable t o  those of the Miocene pyroclastics 

(MV*), suggesting ' s i m i l a r  gross composition. Lengthy t a i l i ng  indicates the 

inclusion of minor di f ferent ia tes  of more f e l s i c  character. 

Oligocene pyroclastics (OvP) are exposed i n  a small area east of 

Marysville, i n  the southwestern part of the map sheet and i n  the northeastern 

prt of the map sheet near Portola. The histogram distr ibutions are normal on 

the uranium and potassium channels and lognormal on the thorium channel. 

Dispersion is l o w  on all three spectral  channels. The mean elemental 

concentrations are f a i r l y  low,  suggesting andesitic or basaltic'  general 

composition. Multiple 'peaks are present i n  all three spectral  windows, but 

they are probably a reflection of inadequate sampling. 

Pleistocene basalts  (61pvb) are  exposed i n  the southeast, in  the areas 



north and northwest of Lake Tahoe. The histogram curves. f o r  t h i s  formation 

are i r regular  because of t h e  paucity of sampling. A l l  th ree  spect ra l  windows 

show normal d i s t r ibu t ion .  The potassium curve has unusually broad 

dispersion. The mean elemental concentrations are re la t ive ly  high, suggesting 

t 
t h a t  t h e  g r m s  composition of the u n i t  is more f e l s i c  than basal t .  

Of the  sedimentary rocks, the  most widely exposed are  the.Quaternary 

formations forming a continuous veneer over the Sacramento Valley f loor ,  .on 

t h e  west side of the  quadrangle. The Q v a t e m a q  fan deposits (Qf)  are  the  

mmt prominent of t h i s  group. The histogram dis t r ibut ions  a re  normal i n  the 

thorium and pa tass lu  s p c t r d l  ohanneb and l.ngnor& i n  the  wariiun 

channel. The mean elemental concentrations are  low, suggesting tha t  the fan 

deposits are derived from mafic rocks i n  the flanking S ie r ra  r\levada. D u d  

peaks a r e  present i n  the  thorium and potassium histogram, indicating t h a t  two 

sedimentary fac ies  a r e  present i n  the  far1 deposits. 

Two other widely distr ibuted a l luv ia l  deposits i n  the  Sacramento Valley, 

Quaternary stream channel deposits (Qsc ) and Quaternary basin deposits (Qb) , 
are v i r t u a l l y  ident ica l  i n  t h e i r  s t a t i s t i c a l  display. Both have normal 

d is t r ibut ion i n  all three  spect ra l  windows, moderate dispersion, and similar 

mean elemental concentrations. It may be concluded t h a t  they have the m e  

composition and source, and the  d is t inc t ion between them is solely t h e i r  modes 

of deposition. 

Quaternary lake deposits ( Q l )  form the  floor of S ie r ra  Valley, i n  the 

northeastern part of t h e  Chico quadrangle, and a few smaller intermontane 

valleys i n  the  eas t .  Histogram dis t r ibut ion is normal jn a l l  three spctral 

windows. Dfspela~ion i3 lmdcrale i n  t h e  ~ranium and thoriwe channela and 

fairly b r u d  i n  the  potmsi~m rhannel, p r h a p s  suggesting the  presence of 

evaporite beds. 

Quater~lary glaci nl degoa its (Qg) , observed i n  discontinuous exposures 

along valleys i n  t h e  S i e r r a  Nevada, have s t a t i s t i c a l  characterist ics  similar 

t o  the  lake deposits  ( Q l )  ; normal d is t r ibut ion i n  the uranium and potassium 

windows, lognormal i n  the  thorium window, with mean concentration values and 

dispersion almost the  same as t h a t  of the Lake deposits ( ~ 1 ) .  Minor tailiw 
i n  t h e  thorium and uranium histograms r e f l e c t s  the  poor sor t ing  of the g lac ia l  

deposits. The geochemical similarity between the Quaternary lake deposits 

( Q l )  and g l a c i a l  deposits  ( ~ g )  is t o  be anticipated,  as the two formations a re  



derived from the  same sources. 

Quaternary alluvium (Qal)  is mapped along stream valleys i n  the' mountains 

i n  the eastern part of the map sheet. The histogram distributions display 

extreme irregulari ty and dispersion i n  all three spectral  channels, with 

lognormal 'distribution i n  the uranium spectral  channel and normal distr ibution 

i n  the thorium and potassium channels. A possibil i ty of dual peaks is present 

i n  the thorium and potassium curves,-but t h i s  may be a s t a t i s t i c a l  aberration. 

The general aspect of the histogram study is that  of a widely variant, poorly 

sorted rock unit ;  presumably the resul t  of isolat-ed deposits of a l luvia l  

material i n  widely separated valleys, eroded from different  source rocks. 

~ l i ocene /~ l e i s t ocene  nonmarine sediments (QP) are present in  the western 

par t  of the map sheet along the eastern margin of the Sacramento Valley. The . 

histograms for t h i s  formation are normal i n  all three spectral  windows, with 

re la t ively  s l igh t  dispersion and low mean elemental concentrations. The 

general composition of the  Plio-~leistocene deposits is probably reflective of 

rmfic rock sources. 

Pleistocene nonmarine sedimentary deposits (QC ) outcrop i n  the extreme 

northwestern corner of the quadrangle, along the eastern edge of the  

Sacramento Valley; The three histograms are lognormal, and all three show 

extensive t a i l i ng  in to  higher element concentrations and great irregulari ty.  

However, the  mean elemental concentrations are  low. The Pleistocene nonmarine 

sediments are  probably predominantly derived from mafic sources, with 

significant  amounts of more fe l s ic  constituents. 

Remaining rock uni ts  were not sampled suff ic ient ly  for  re l iable  

s t a t i s t i c a l  analysis. 

. Computer Printer  and Anomaly Map Analysis 

Computer generated maps were prepared fo r  the t o t a l  magnetic intensity, 

the three diagnositc gunma radiation windows, and t he i r  comparative ra t ios  at 

a soale of 1 :5W,OW t o  ~1.1~~3ernent the  1 :250,000 stwdard deviation anomaly 

maps. The grid spacing of the 1 :!330 ,000 maps is one thousand two hundred 
seventy meters by two thousand one hundred seventeen meters. This coarseness 

of sampling precludes the possibil i ty of detailed ' interpretation. 

The total magnetic intensit;y map displays moderate re l i e f .  .There is a 

well developed northwest-southeast trend t o  the magnetic pattern, which is 
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LEE2TD TO URANIUM AVERAGE MAP (PPM) 

CXINTOUR VALUE LOWER LIMIT UPPER LIMIT 

- 0.40 

0 0.40 0.68 

1 0.68 0.96 

2 0.96 1.24 

3 1.24 1.52 

4 1.52 1.80 

5 1 .m 2.08 

6 2.08 2.36 

7 2.36 2.64 

8 2.64 2.92 

9 2.92 3.20 

+ 3.20 
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+ .................. ~ ~ m ~ ~ ~ e ~ ~ e ~ ~ ~ * ~ ~ m ~ * ~ * * * * * ~ * * e ~ e e ~ ~ ~ ~ ~ ~ e ~ e e m ~ ~ ~ ~ e ~ e m e o m ~ * m ~ ~ m ~ ~ ~ m ~ m ~ * e ~ o ~ m ~ * m m * e e ~ e ~ ~ ~ e * ~ ~ o e e ~ e ~ e m e ~ m e e ~ ~ e e ~ ~ ~ e m ~ m e ~ e ~ e m m ~ e ~ +  l Figure 9 
XI= ~ n ~ n n l ~ , ~  X2= 765003.0 57/58 
Y1= 4?15C03.3 Y2= 4315030.0  



CONTOUR VALUE LOWER LIMIT UPPER LIMIT 

- 0.60 

0 0.60 1.60 

1 1.60 2.60 

2 2.60 3.60 

3 3.60 4.60 

4 4.60 5.60 

5 5 0 6 0  6.60 

6 6.60 7.60 

7 7 -60 8.60 

8 8.60 9.60 

9 9.60 10.60 

I 10,60 
- 



CHIC0 C f l L I F C R N I A  THORIUM AVERAGE 
X4= 5R500O.n X3= 765000~0 
Y4= 4435669.9 Y3= 443566900 
+ ~ ~ o ~ ~ e o ~ o o o o e b o o e e o e e o o o o e m m e e e o o e o o o ~ o o e e o o ~ ~ o s o o o ~ ~ ~ o ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ - - ~ - ~ - ~ ~ ~ o e ~ ~ ~ o ~ o ~ ~ o o o o o o o o o o e o o ~ o m o o o ~ o o o ~ o e ~ o o o o o o o o e o o o o o o o o e ~  

l 

l 44 1 1  ++ 
a 1 1  1 1  1 1  88 11 4 4 1 1 1  21 11111 23457+ 9 8 886 l 

11 1 1  12 22 1 11 1 1 1  10 23576 7666643322211 1 1  22222211 2344 333322222 2 23457 9998 7 l 

.I11 1 1  l l l l l l 1 l l l l l  1 1lOOCOo 332 232 33 4321120 1 4 1 234 5 67 654 3 222 2 2 222 3 33 33 22222 23 4 7  + l 

.11 1 1 1 1 1  1 23'33 3 4321 00 1 1 2 3 3 456 65543 222 2 2 33 2222 2 2 3 6  + l 

02 1 1 1 1  124,4433 4 31 0 0 0 1 1 1 2 22 3456 654 3 3 3 3 3 2  2 2 22222222 2 + m 2 358 
022 223 1 1 12414 4 4321 0 0 0 11. 1 22 2456653 34 5432 2 2 2 2 23567 89 9+ l 

0 1 1  2 2 1 12444 4 321 000 0 1 1 2 1 124554 333 744442 23 222 3 2 22 3333 444 6 77 89 + a 

011 2 2 1 1 1 2$ 3 3  22111 1 2222 1 1234 444433 3 3 32 2 3455432 23 4 4  5 67899 9999 + l 

011 22 2 2 1 1 1  2.313 333 2 21 1 1233 2 10 012456654 333 2 2 3 45655322 3 44 567 9 999 99 + o 

0 1 1  2 22 2 3 ? 227 1 1 1 1  2 33 22 1 1 1  1233 2 222210 0 1356 65444 33 2 2 3455 43 33 4 4 555 6 7  9 8 89 + l 

011 2 2 2 2 1 1 1 1 1  1 1222 2 3333211 1 2345 555443 3 22 2 34443 3 45679 9 7  79 + e 

m11 22 2 2 2 2 1  1 2 2 2  1 1 2 3 4443321 234 5 5 433 33 22 33 33 3 444444 5 5 78887 7 + l 

01 1 2 2 22 2 31 1 2  2 1  1 2 3 43 22 2 3 45 6 5 4444 3 33 3 3 33 4 55 4 56 76 69 + l 

022 2232 2 332 1 12 3 21 1 2 22 2 34 5 5 444443 2 3 44 3 3 443 2 34 44 44 5 67899 e 

0322 2 22 3 2 2372221 2 333 2 1 1111 1 1 1  22 3 4 5 4  32 2344 43 2 3333 4 432 2 3 4 5 665 
033 2?  2 L l  ? 2 2 3455421 1233 3 2 1 1 1 1  1 I 2  3 4 5 5  4 4 4 3 2 1 1 2 4 5 4 3  2 3 3 3  4 4 3 2  2 3 4  4 5 6665 l 

033 7 22 1 1  245765311 1 23 44332 11 2222222 1 1  2 3 4  4 555555321 124 432 3 44 3 22 3 4 4 4 - 3  6 6 l 

a33 2 2 2 1  1 23565421 123454321 1 2 2 1 1 1  1 2 3 3 4 56665421 12456653 33 4 33 3333 3 4 4 45 666 666 o 

033 2 2 2 1  1 2344321 1345432 1 1  2 2 2 1  1 2  33 34 566 5432111 2467654 345443 3 3 3 4 4  4 5 6 6 6  6 
a33 2 2 2 1 1 1 1  2 2 2 3 3 3 3 2 1  1 1 1 2 3 3 3 2 2 2  2 1 1 P 2 3 345666 5 4321 2 345543 345542 2 3 33 4 4 33 45 5 677 o 

.2333 2 2 2 2 3321 00.30 1 2 23 33 222 1 1 1  2 456776 5 4321 2 2 34443 2 3 4 4 4 4 3  34 5678 m 

,2333 3 22 222 3 3 3 1  3210 Cl I 2 3  7 3 3  1 2 22 34677 7654 321 2 22 23 4 3 3 4444 3 3 45688 
e 3 3  3 22 2 7 22 3 32 0 0 1 2  2 3 3332 22 2 2 22 2356788875 44432 2 2 2 3 3 33333 44 333 3 45678 
-33 3 2 737 3 3 213 01 2222 2 2 2 2 2 2 2 2  2 2 2222 22 356 78865 56664222 2 2 3 444444 44 44 3 34566 l 

033 3 2 2 3 33 21 0 01 222 1 1 233332 2 22 3333 345 6775 567753 33 2222 3 4  4 44444 4 432 23454 l 

-3333 2 2 2 3 7 3 3  3 2 1 0  0 1 1  1 1 23 33 22 73 3 3 45 54 455643 3 33333 3 4  4 44 432 2344 l 

.33 " 22322 3 3 444 3 31 3 3OQ 1 IfllPl2 22 2 23 3 3 4 3 345543 3 33333 3 3 3 4 4 3 3 4  43 34677 l 

e33 3 2 2 3 4 4 3  2 1 0 0  1 1 1 2 2222 2 337 2 3 3  3443 3 4 4333333 4443 33 2 3 3 3 4 4 4 4  468 + a 

03333 3321 12 3 2 1  122211 'I 22 33332222 3 443 3456653 4 543 2 466643 2 2 3 33 3 58 + o 

.37 3 3321 1 2  2 1  123321 1 2 3 22 3 4 4  43 333 468875 455432 2356543 2 333 3 3 3 58 98 0 

933 3 7 332111 2 7 1 13322 111 1 1 2 2 2  2 3  2 3 4 4 4 3  3 4678764444 43 2 34 3 3455543 3333 3 3 3 468 86 3 o 

033 3 T-4 3 333222 3 2 222112 233 22 27 1 1  1 2  2344 4 3  3 3 3  35787654 4 3 3  3 44433 456665433 3 3 357865 3 l 

033 3 33 3 44433 ?3 37221112 22222 1 1 2 344 44 333 3 2 2468864 45 43 3 4566543 3456 654 4443 345543 3 e 

033 3 3 7 3  4 3 3 7 2  1 1 1 1 1  1 1 22 344 4 32 336876444 5 42 3 4566544 4 5777764444 4 4333 44 333 o 

,33 3 3 2  ? 3 4 3 3 7  2 1 1 1  1 1 1 1  2 344 44444 332 367876555 5 3 3 4 4 45 678 9875 4 554 3 2 l 

0333 3 2 2 3 ? 7 1 11 1 1  1 2 3 4 55554 443 4578876665 4 333 4 4 455 6 788765 56654 33 0 

.22 33 2 2 3 444 ? 2 1 1 1  1 2  34 5 6654 4 43 46f7666543 2 2 3 4 4 4 4  444 456 665  5 566656 32 
022 2 23444 4 3 21 1 1 1 1  I ?  3 4 5 5 4 4 3 4554 4 32 2 23 4 444 3 3 4 4 5 55 6654 32 l 

-32 3 '56665  4 444 3 2 1 1 2 2 2  3 4  44 3 3 44 4 33233 3 4 3 3 44443 3 4566666 65 45 
-33 34567RP7h5 4 ft 4 3 2 1 1 1 1 1  2 1 2 3 4 4 3 3 345554 5777544 543 34566543 567777654 3 468 
-33 34567 RRt.3876654 444 3 2 1 1 1  1 2 1 1 2 1 4  44 3 356777 8 98766653 346 65 4566 7765 444 3 3468 l 

.373 45788887 7765 4 3 2 111 11 1 1 1 1 1  2 2 3 4 5  5 44 45689999 88876543332 345 4 4566 55 6 5 432 2 l 

.33 46788 8 7  7 7 6 5  4 _3 3 222 1 1 1 1  1 1 123333 4 5 55 5 555 4 5789 99 987 887654432 245 4 456665 444 5 431 0 l 

.33 457888 7 7765 44L 3 333 2221 1 1 ,  1 234444 44444 4 5 5 567899 9 9876 78876542 245654 4 5 54 3 333321 - l 

.33 4 5 6 7  7 7 6544 4 4  3 3 3 3 3 3 3 1  21 1 1  11 13455 4 3 3 4 55 5677 8998765 67876532 345543 34 4 3 32 1 O - l 

.33 33 4 5 6 7  77654 444 3 3 444444 321 111 1 2 4 5 4 3 2  23 4 566 788876 6776543 2 3443 22 3443 2 1 0 - l 

033 3 5 b  6 6 5  4 4 3 1  4 4 3 3 1  1 1 1  123443 2 3 455 4 55 6887 6 787643 3 433 2 2 3 3 332 10 - l 

033 3 3 4 4444 7 3 44 44 4 4  321 1 1 1  1 1  1 123 3 37 44 455 4 4 5 6789E77 88753 3 4 4444432 3 3 33210 - l 

033 3333 44 7 ?  4 444 3 333 2 1 1 1 2 3 3 13 44 444 4 4 56789999998764 33 444 56166543 3 33210- l 

033 35 4 4 3 444 3 322 2 2 3  11 1 2 3'33 3 44 4 456 78 99 9987655544 4567887766543 333320 l 

.33 7 3 4 4 44 43 2 22 222 1 1  I ?  3 4 44 55544 56 7 7 899 9 8 9865 56 7 888875433 444420 l 

033 _3= 4 4 3 4 4 3  3 2 2 2  22 2 1  1 1 1  1 7 3 2 2  3 4 54 4 5 6 6 5 5  6 0 8 7  789 9 9 88874 3 4 6789 + 654444 5 6 3 0  
.33  13 ? 1 3 ~ 3 7 ~ 3 7 3 3 7 3  4 43 ' 5 4 3  22327 22 33 21 0 1 121 O 122 L 2 3 55 35 68 679 + 8 7 774 44 677 l 

.3 44 3 -A 3 4 33 3 3 1 7  C, 1 1 1  ++ 77 88 l 

+ m o o o m o m . . o e o o o . o m m m o o o m . . . o r o o m o o . m o o o m r o o e o o o m e e o o o o o o m ~ m o e o o o e o o o o o o m m ~ o o o o o o m o o m * * o o * * ~ * ~ ~ o o o * o * o o o e * o o o o o o e o e o o e o e o ~ a o o * o o o o e e o a e o o o m e e ~ o + F ' ~ ~ e  10 
XI= 5 R 5 C f l O . 3  X2- 765030.0 61 /62 
Yl= s'lrron.O Y3= 4315003,O 



LEGEND TO URANIUM/POTASSIUM RATIO MAP 

CONTOUR VALUE LOWER LIMIT WPER LIMIT 

- 0.80 

0 0.80 1.15 

1 1 .I5 1.50 

2 1.50 1.85 

3 1.85 2.20 

4 2.20 2.55 

5 2 955 2 -90 

6 2.90 3-25 

3-25 3.60 7 
8 3.60 3.95 

9 3 a 3 5  4 930 



C H I C 0  CALIFORNIA U R A M I U M / P O T A S S I U M  R A T I O  
X b =  585000oO X 3 =  765000oO 
Y4= 4435669.0 Y 3 =  4435669.0 
~ o o o o o o o o o o o o o o o o o o o o o o m m o o o o o o o o ~ o ~ o o o o ~  ~ ~ ~ o ~ o o o o o * o o o o o o o * o o ~ ~ ~ ~ ~ ~ ~ ~ ~ m o o ~ ~ o o o o o o o o o e o o o o o ~ ~ o ~ o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o o ~ ~ +  

l l 

l 22 11 11 0 

l 22 3 3  22 22 2 2 1  -0331 01---- 31 0 0  12221 110- l 

l 
-- 22 221 22  13100- 553 6533  4 3  3686 7 5  843 31-- 36442 2 211- 10 12  0000 0 0  110  0 12  2 1  f 11 l 

,3300 132 0 1330 16 753 322 333 4+ 97 211 210 09 2 0 1  1 21 135666654 4 3 467 866532 10 1 3  332 2 2 1  0 0  11 0 0 0  1 1 123322 22 l 

,221 122111 22 24786533 3 3 578864$3 22 1 2699632 1 2346888864 3 3 5 9  9 5 3  2 1 2 3  2 2 3 2 1 1 1 1 1 1  0 0 0  1 1  11 1 2 3 2 2 2 2 2  l 

0321 12  3 2 2 1  12456643 44444 6798742 2 1 259 6421  1 23 56789934 3 34 6 9  73 2 2 2 3 2 2 221 1 0 0  1 2222222 2 23  
0321 123 4 3 2 1  256543 456765 57899753 2 1 1469 9753 1 22 3 4688752 23468 9 8522 333 2 3 2  1 222 11111 1 2  343333 2 22 l 

.31 2 333 2 247765 6899 9 7 t  799864F 234565554 33 433 467652 34677 6 5  3 4443 332 1 1 2 2 11111 1234 4 3 2 22 l 

022 22 22 2 23465 579 975 6887532 23332 233 4 33 33 46653222 34 4 33 4 4 33 3 2 1 1 1 1 1  22 l 1111111 23443 2 2 
,222 21  122 3332 45789 8 676431 2 3221 1 2  444 3 2 23454 4 5543 22 2 3  3 3 2  11 1 i 111111 12 22 2 2 22 3 l 

-2 33 2 1  1 23211 1 2 3  4578@7 677642 23333 33  45543 32 234 3 3444322222 1 234443 333 2 1 0000 011 12332 2 33 
,012 33321 2 22222 2 234 5 6887533 2 33 455 665 554431 1221 123 444432 1 23566433 3 2 1 0 0 1 3332 1 2 3 2  l 

1 23 3222 2 3333332 244 45688864432 3 3  3 4077764 3455431 11 123 4 44432 1 1345543 33 22 11 0 0 1 2 3 2 1  1 2 2  
.I 22 33 22 111 2 3  46777666 78765433 3 34578764 3443 11 1 2 3 3 33 2 11 2 3 3 3 22 2 1 11 0000000 1 222 1 0 0  1 1 l 

-23454443 321 12  468 t?6 6 7 8 7 6 6 4 4 3 2  3478754 2 332 222 333 32 11 2222 234432 2 P 1 2 2 1 1 2 2 1 1  1 1  0 1 1  
,344 5 4 3  3 2111 3579 964 45787754432 2 467643 2343222 33 444421 122222 3332222 444322 1 1  2 3 3 3 2 1 1 2 2 1 1 1  1-1 1 1 1  l 

.23 3 3 2 333222 4676542 2467 6 5  3 2 3455431 23454333 44 4 432  1 1233 3 3  3 22  344322 1 1 2 2 2 1  0 1 1111 11 1 0 l 

-22 344 3 2 235543 4554 32 1 1235 554443 33 21 1345543 3 454 43 2222 3 33 32 2 3  3 2 1 122221 0 0 0 0  1 1 1 1  0 0 
,23577764 32  346553 34555443 P 1234 456642 11 1 34 5 42 345 654  3 33 3 3333  22 2 2 1 233321 0 0  0 0 0 0 1 1  
,236788643 2 23455543 3 4  55532 1 2 3 455431 B 23443 2 2 34444 3 3 222222 333 2 111 2 32222211 0 0 1 1 11 0 0 
.2 3 4  4 32 2 3 444433 2 3 3322 33 3 3210 01222 44421 1 2 3 3 22 2 1 244443 2 222 1 1 2 3 3 3 3 3 2 1  1100 1 1 11 1 0 l 

0111111 2 2 3 4 3  2 1  1 23333 3 3 2 1  0233 456542111 233 344332 23321 1 344 4 3  2 321 1 2 3321 1 1 1 2 2  11 2 2  1 1 0 l 

-09 1 2222 3 4 3  2 1 2 345544 4442C 012 345565432 356776 664322 34321 2 34532 344321 123321 1 2 2 1  22  22 2 1 1 1 1  1 0  
000 1 2  3 4 4  3333322 2 356654 45420 01 1 245799644 78998 87532 34443322 3443  1 234432 1232 1 2 222 22 33321 0 1 11 l 

0- 0 123433 333 4 4 443 2 367763 432 1 0 1 147 6 68999998042 344 4 3 3 3 2 1  1 2  3211 1 22222 3 33 3 320  01 1 l 

0-- 02456543 4 4 333  2 4688643 2 20 01221 5 8 5789 9752 34 443 3 3 2 1  0 1  1 111 1 2 2 2 2 2  3 3 3 43210 0110 l 

0-d.01355 544 3 44  3 2 2 36775432 2 100 123 443 7 85 68999888763 2 34 443  2 3 2110 0 1  11 11 1 1 2 2 3 3  3 310  0 1 0  l 

moo0 12345 5 43 3 33 3 2 2 34553232 2222 4677765 8 8 7 8  9 7  677532 13455542 2 218 0 1 22 1 1  1 2 2 2  333333210 0 0 • 

,1111 ' 2345543 3 3 33 22 332 221021 12 345799 98 9 866 79 976  67754311 245 5432 2 2 100  1 2 2 1 1 2 3 3  2 233 2222100 11 0 l 

e l  1 2455 4 3  3 3 3 2 23444320 1 1 2 3567 9999853 4 6 788877544432 34 4 2 2  33332'  111 1 2 2 1 1 2 32 1 1 23 3 2 21111 1 0 l 

00 L 234555443 3 3 2  35665320 0 123568 9876532 2 2358 864 343 45543 233  32 1111 1 1 1 1 2 1  1 2 3 3  2 22222221 l 

.O 1 1 2 3 4  55 5543 33 2 35677531 0111 1358 777532 1 147 9533  21 257753 2 3 3 2 2 1 0 0  0 1  1 1 11 2 3  2 2 3 433211 l 

.PI 13455555 66643 1 2 23566420 1 221 0148 888864 2210 1357864 4332 589753 2 22210 0 1  1 1 11 2 2 2 3 3  4 3 210 
010 1355 54 4 5542 1 1 3 4320 0 1  2 2 1  257687 8 8753 2 124 4 4565 6 8  9 6 3  1 1 1  000 12221 1 1 0 1 2 2 2 3 22 1 0 
000 123 3332 2321 1 2  1 122211 11 22 10 13577 5 6 6543321 1 2 3  45788 8 9  8 4 1  1 2  1 1 1 0  0 1 2 3  2111 1 0 0 12 22 11 2 11 0- l 

000 1 1 0  012 111 2 1 1 2211 222 21 00 24554 45 54321 0 1 2 3  467666 753 222 1 1 0 0 1 2 3 3 2 2 2 1 0  0 1 2 1 1  1111 l 

r 10  1 1 0 1222 2 1 1 2 1 1233321 0 134  5 67876410 013 3 33 33 22 2 1 0 0 1111 2 2 2221100 1 1 111 11 2 1  
. I l l  12 3221  12 2 111 12221 1 3 3  21  0 1456 7 8 97520 123  33 3 344  55432 1 0 0  1 11 1 22222111 1 11 11 2 1 l 

011 1 123 32 1 000 11 2221 1 2 321 1368 975 6 764200 01235677644 68 9864  22 1 11 1 1 1 1 2 2 2  1 1222  2 2 2 1  l 

-11 1 2 3  322221 0 0 122 321 1 2222 11 1236 96. 6887532100 1369 865 79 8544432 1 1 221111 0 1 1 1 2  33221 22 2 2 2 1  l 

-12 3443 4444444322100 1 2  3 3 2  2 2455432 1 11 1 5 9  95 8 98765321 2579 76 5 789877666542 1 123322 1 0 0 1 1 1 2344332 2 2 2 2  
e2 345666666665 4444332 22 3 3467754321 1 4 8  96 89999886421 479 98655 578  776666421 0 12 32  221 0 0 122211 12  3333333 2 2 2 2 l 

.2 45555 6 7654 45543 2 333  345666543332 12589985 799 9998654 56887654 456776 5543210 01 2 33310 122 2 1 1 2 3 3 22 32 l 

.11 23  3 45 5 4 443 22 3 333 4554 3 3 3 2 1  1 246 777 8 9 98765 5554 3 2  2456776 4 3  10 01 23432100 1233 2 1 1 2 3 4 3 3  2 l 

000 12 3 44  3 3 2  233 34443 3 4 3 3 2 2 2  24566 6789998776 5 4 3 3 2 34 5 5 6543210 11  2 3 211  23333 2 22 222 3 4 4 3 2  l 

.O 11 2 3 3 3  3 4 4 3 2  1111 2 3 4 3  234  55542 23443 356776544 5 4 3 3 3  3 479 985321 23322 2 1 222 222  2222 22 45543 2 l 

001 2 2 2 3 4 4 3 2 1  12 33 222 3 56 532 2321 02344322 3 4 4 3 33  333 469 96422 34  3 2  2221 1 22 2 23566543 
001 1 1  2 3 22 1 1 1  1 12333 2 1 23 3 4 4321 12320 0122 1 2 3 33  2 1 245678 99887653 2 3 3  332 1 1 2 22 2 111 2356665 l 

-0 1 1 1 11 13444321 11 122 235431 146531 11 1 1 2 3 2 1 124568 97532 1 2 3 4432 1 22 33322 2 1 1 23456 l 

011 11 222 2222222 1 134442 2332 2 2 36641 2687520 2331  0 1 2 2 1 11 259 8 4 1  12 345554 22222 3 32222 1 1 2346 l 

of22222 222 345 65432 2 342 345543 22 247752 135531 245420 0 12 2 1 0 149 8521 1 2 3455432 22  11 1 1 1  247 l 

.22 33 2 2 2  345 $6532 2 332 2455542 111 36642 010 034431 0 0 1 2  2 11 369 97543222 2 3 32 11 1 2 1 1 1 137+ l 

-1 2 2 2 2 11111 2332 1 233 33 4311 00 12453100 0 0232 1 0 1 2 2 2 2 59 85 3 443 42 Z 3 322 1 2 0 2 2 2 2 2  21 1 1 6 17+ l 

011111 1 10 0 -- 033 1333 2 3  454 21  0 0 2431 1 000 220 01111 1 243 3 2 3 + 8 3  - 0 1  45653 2 1 2 2 l 

011 0 011 01 1 0 - 0124 0 0 00  22 55 22 
+ o o o o o o o o o o o ~ o o o o o o o o o o ~ o o o o o o o o o o o o o o o o o o o o o o o ~ o o m ~ o o o o o o o o o o o o o o e o o o o o o ~ o o m o o o o o ~ o o ~ ~ ~ o o o o o o o o o o m o o o ~ o ~ o o o o o o o o o o ~ o o o m o o o o o o m ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ o o  ;Figure 11 
XI= 585000.0 X2= 76500000  65/66 
Y 1 =  4315000.0 v7= 47 I qnnn, n 



TABLE V I I I  

LEGEND TO URANIUM/THORIUM RATIO MAP 

CONTOUR VALUE LOWER LIMIT WPER LIMIT 

- 0.203 

0 0.200 0.245 

1 0.245 0.290 

2 0.290 0 335 

3 0 335 0.380 

4 0.380 0.425 * 

5 0 0425 0.470 

6 0.470 0.515 

7 0.515 0.560 . 

8 0.560 0.605 

9 0.605 0 . G O  

+ 0.650 
- 



C H l C O  CALIFORNIA URANIIJW/THORIUM R A ' T  IO 
X4= 585000.0 X3= 765000mO 
Y4= 4435569.5  Y3= 4435669,O 
+ ............. 1. ............. 0 m . . . . . . . . . . . . . .  0 0  m . . . . . .  0.. ... 0 * * * * * * ~ * ~ * * m * * ~ * m * m ~ m * * e ~ * * * m * * m * * m * * ~ ~ ~ * m e ~ * ~ * * * ~ * ~ * * * * * * * , m m m ~ ~ ~ ~ m m ~ ~ ~ ~ m . ~ ~ m , ~ , ~ ~ ~ +  

. 1 1  55  -- 
• 22  6 6  00  33  1 2 1  -4+ .4 232220  52 11000 00 230- 

r?O 3 3 3  5 5  3541-- 2'32 11 2343  4 5 6  9 5  79'74 4300- 4 5 3 1  23321- 2 36630 1 2211 11 00 11 221 23 . -- 
.33 1 264033 323- 3 4 1  Z . > I ~ - -  1 3 5 0  4 7 9 7 3 3  4530- 3a 62 4 4443.10 312. 3432  3 3 56 7 8 6 3  6653  2 1  12332  23331  01 2221  01 2 1  1 0 01 22 2 2  
, 321  12443111 10 1 2 2  Z Z l l  23 565433  3 1 2 1  28  6 4  4 3 2  1 1 1  2467653  2 45689963  3 32 1 1  2 32 343321110  0 0 1 2 2  2 2 1  0 11 2 3 
,311 0245.542 221 34555433 4577531 2 22  36 8 5  4 3 2222 14687532  245677'752 2 2 1 2 3 4 3  333321  11 3 3 3 3  2 3 4.3222222 2 3 4  
,311 13567642 222 4678874 4 6 9  8532 2 4 7  ' 964  33  2 13,56642 2 4 4 432  2 3332222  22 23  455433222  3 3 45555444.3332 2 3 5  
031 34 665432 333 3 45777643. 4 6  853  2 3467  8987665555432 1 23.453 12 2 2  2 3 3 3 3  433333332  1 13 5 5  44433  3 4  5 5  4 3 3 3 3 2  2 4 
,222 333322222 2 2 356543  58  75 3 3  4 543 24566 5 5 5  433222 5642 0 1 11 2 31 3 3  4 5 4 3  2 11 233  344  3 3  33333  3 3 3 2 2  2 2 3  
-22 2110 0 0 0 1  23443 3577642  2 3466652 2 4 , 5 5 4 3 3 2  4553  466530  0 . I 2  22 3 4 5 6 4  3 222  3 3  2 34 544 3 2  1 22 2 2  
,22222110 O 110 1 2 332 35643 2 456 64444  4 2 23443 345531  1222222222 2 34565  333322 2 2 2344  3 21  1 2 2 2  222222222  
,01  1 2 2 1 1 0  123 444322 2 1 246543  42 3456776654 333333 2222 3 4 5 3  3455532  1 1 233  4 6 6 5  332  22 1 2 . 3 3 3 3  2 1  2 3 4 3  22  l l L l P  
,-0 12 2 33 3 4  5543 2 21 1 3555555.3 2 246887764 4444432 244  45 6653210  012  2 4 5  544  444332  P 1 2 33 2222 36 4 2  1 0 
. I 1 1  1233  44433222227 23332 345 5 4 4  2 2356777654 4 4 3  3 3 3 3  3 444444432 1 00 1 2 3 4 5 5  5 5 4  4565  3 2  11 1 2  3 3 3  3 4 4 3 2  11111 
,3333 3444 55421.3 0 1  2 3  4 4 3  245  5342 1 1346787  5 4  454  3 44443  3 2 2  22 11111 2 3  4 5  554  3 4 4 3221  1 2  3 3 3 3 2  2 333 
,55443 455554321 1 72 34  4 2  2345666422 1 236787 5 4 553 3 4  444321  0 1  2 222  32222 234  4 3 3  3 22 345542111  12 33 3 3 . 3 3 4 5 5  --. 
m45 455432 33333=3  4 3 2  358987532? 4677 6 6 6  655542 2 3 4  432110 01233333  22  23466 42 233  2 245542  1 1 2 3 ,4443 4 3  
.4555544 5543 34665543  3 3 35431 2 5 8  9864331 245 677  876  43  1 234554329 0 1 23  3 2 1 2478753  2 3 43322 3 4 4 3  P l  0 1 2 3 3  2 3 3 4 4 3 2 1  
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consistent with the regional geologic s t r ike .  

!The strongest magnetic anomalies are  present i n  a discontinuous be l t  
trending north-south across the  central prt of the map sheet. , They are 
correlated with exposures of Mesozoic ultrabasic i n t m i v e s  (ub). Another . 

very strong positive anomaly is present i n  the  southwest, and it is correlated 

with the  volcanic rocks of Sutter  Buttes. 

A total- of thirty-nine 16cal i t ies  where anomalous radiation is present 
have been delineated. Seven. of these are  characterized by radiation i n  the  

uranium s p c t r a l  window and the  other thirty-two are  thorium radiation 
features, some of which are  accompanied by uranium radiation of lesser  
intensity . 

Pour of the seven uranium anomalies are located i n  the northwest, i n  a 

large exposure of Mesozoic granit ic rocks (gr) .  They consist of abrupt 

anomalies, arranged i n  a l i n e  and corresponding i n  location t o  the Feather 
River w o n .  Whether the l ine  of. uranium anomalies is caused by a 

uraniferous zone i n  the granit ic massif exposed i n  the canyon such as a 

pegmatite, or whether it is the resul t  of improper a l t i tude correction is 

problematical. The features involved are Anamaly 1 , l i n e  693, f iducials  

5930-5960; Anomaly 2, l i ne  700, f iducials 3050-3080; Anomaly 3, l i ne  710, 
f i duc id s  81 02-81 30 and Anomaly 5,  l i n e  720, f i d u c i d s  3690-3720. 

A Large proportion of the thorium features are  present i n  the southern 
and central  prts of the  Chico quadrangle and are at tr ibutable to  the 
i~ndifferentiated Paleozoic marine (P) sediments. For the most part ,  they a r e  

irregular increases i n  thorium radiation and they are l ikely  to  be 
disseminated throughout the rock unit.  The exposed Mesozoic granites (gr) i n  
the northeastern corner of the sheet also are  interpreted as being enriched i n  
thorium, and t o  a lesser  extent uranim, as is a portion of the  ~ u r a s s i c /  

Triassic metavolcanics i n  the south center, south of the towns of Alta H i l l  

and Grass Valley. 

Uranium enrichment is noted i n  the southwestern corner of the map sheet, 

i n  the  reglon of Sut ter  Buttes and the adjacent Slscramento Valley f loor.  . 
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GEOLOGIC lXGEND 

Aero Symbol 

w 
QSC 

PVR 
PV A 
PVB 
PVP 

- 
MVR 
MVA 

Map Symbol Unit Description 

Qal Recent alluvium 

Recent r iver  and major stream channel 
deposits i n  the Great Valley 

&f Recent a l luvia l  fan deposits i n  the  
Great Vdlcy 

Recent bmin deposits i n  the Great 
V a l  ley 

Q1 8uctornarg lake deposits 

Qg Quaternary glacia l  deposits 

Qt Quaternary nonmarine terrace deposits 

Pleistocene nonmarine sedimentary 
deposits 

Pleistocene volcanic rocks, including: 
rhyoli te 
axldesite 
basalt  
pyroclastic rocks 

P l i  +Pleistocene nonmarine 
sedimentary deposits 

Quaternary and/or Pliocene cinder 
cones 

Undivided Plior?ene nanmarine 
sedimentary deposits 

Pliocene volcanic rocks, including : 
rhyoli te 
andesit e 
basalt 
pyroclastic rocks 

Miocene volcanic rocks, including: 
rhyolite 
d e s i t e  
basalt  
pyroclast i c  rocks 

4) Oligocene marine sedimentary deposits 

-80- 



Map Symbol Unit Description Aero Symbol 

Oligocene volcanic rocks, including: 
rhyoli te 
andesite 
basalt 
pyroclast i c  rocks 

Eocene nonmarine sedimentary deposits 

Eocene marine sedimentary. deposits 

Eocene volcanic rocks, including : 
rhyolite 
andesite 
basalt  
pyroclastic rocks 

- 
EVB 
EVP 

Tertiary nonmarine sedimentary 
' deposits 

Tertiary lake deposits 

Tertiary intrusive (hypabyssal) 
rocks, including: 
rhyoli te 
andesite 
basalt  

v 
TIA 
TIB 

Tertiary volcanic rocks, including: 
rhyolite 
andesite 
basalt  
pyroclastic rocks 

- 
TVA 
TVB 
TVP 

Upper Cretaceous marine sedimentary 
depos 1.1;s 

Mesozoic granit ic rocks 

Mesozoic basic intrusive rocks 

Mesozoic ultrabasic intrusive rocks 

Upper Jurassic marine sedimentary 
and metasedimentary rocks 

Middle and lower Jurassic marine 
sedimentary and metasedimentary rocks 

Jml 

Triassic marine sedimentary and 
metasedimentary rocks 



Aero Symbol 

JTRV 

Map Symbol 

J'WI 

P 

Is 

Pv 

Pmv 

CM 

Unit Descr i~ t ion  

Jurassic and/or Triassic metavolcanic 
rocks 

Pre-Cretaceous metamorphic rocks, 
undifferentiated, 
limestone or dolomite 

Pre-Cretacems metavolcanic rocks 

,?rMenozoic granit ic and matamarphic 
rocks 

Paleozoic marine sedimentary and 
rue tasedlme~l Lary ruch, 
limestone or dolomite 

Paleozoic metavolcanic rocks 

Permian volcanic rocks 

Mississippian marine sedimentary 
and metasedimentary rocks 

Water 





Lis t  of Geologic Formations by Anomaly 

(Uranium ~nomal i  es ) 

Anomaly F o m t  ion - Line Fiducial Brief Description 

1 gr 690 5930-5960 U spike, s l igh t  Th, 
strong U / T ~  and u/K 

2 gr 700 3050-3m U spike, no Th, 
strong U / T ~  and U/I{ 

VII 

71 0 81 00-81 30 U opike. no Th, 
~.t;l.c)~g U / T ~  wild U/K 

720 330.331 0 modcratc U opiko, 
smaller Th, modest U / T ~  

720 3690-3720 U spike, s l igh t  Th, 
strong u / T ~ ,  s d l  U/K 

4020 1970-1 9% abrupt U spike, No Th, 
strong U/Th and U/K 

880 ' 18920-18970 marginal U anomaly, 
lesser  Th, irreguiar 
ulm 

690 773G7890 very s . I ; ~ ' u I ~  r e g i ~ r i  
Th, lesser  U,  minor . -- 

T ~ / K  

4040 11600-1 1620 strong Th peak, sli 
U, no u/Th, u/K, Th 

700 4960-5020 intense regional Th, 
loooor U,  minor Th/K 

71 0 91 1 Cr9140 strong Th spike, small 
U, no u / T ~ ,  U/K, Th/K 

. , 

71 0 8990-1 0080 strong irregular 
regional Th, smaller U ,  
no U/Th, , U/K, T ~ / K  , . 

T20 4500450  irregular regional Th 
increase, modest U, 
no U/Th, U/K, Th/K 

730 1061 0-1 0770 irregular regional Th 
smaller U ,  minor 
regional u/K and Th/K 



Anomaly  

VIII 

Ix. 

X 

X I  

X I 1  

XI I1 

XIV 

m 

XVI 

XVI I  

X V l I I  

XIX 

XX 

Formation 

gr 
a g .  

EE 
gr 
81 
Q a l  
Mva 

P 

P 

Qd 
Mvp 
Pvp 

Pvp 
gr 

P 

PVP 
gr 

m 

P 

gr 

gr 
Qg 

P 

Line - 
760 

4060 

770 
770 

780 

790 

81 0 

81 0 

e20 

820 

4020 

830 

s30 

830 
4070 

4040 

Brief Description 

strong T h  anomaly, 
smaller U ,  s l igh t  
u/K and Th/K  

strong T h  anomaly, 
s l igh t ly  lower U,  
no U/Th, U/K, Th /K  

irregular regional T h ,  
lesser  U, no U/Th,  u /K,  
T ~ / K  

regional irregular Th ,  
no U, no U/Th, U/K , 
Th/K 

large T h ,  smaller U, 
no u / T ~ ,  U/K , Th/K 

intense T h ,  smaller U ,  
moderate T ~ / K  

strong T h  a n d y ,  
s l igh t  U, no U/Th, u/K 
T ~ / K  

strong dual Th peaks, 
lesser U,  good Th/K 

isolated Th anomaly, 
s l igh t  U ,  no U/Th, 
U/K, T ~ / K  

regional T h  increase, 
small U, no U/Th, U/K 
Th/K 

regional Th increase, 
small U, no U/Th, U/K 
Th/K 

regional irregular T h ,  
lesser  U ,  s l i gh t  Th/K 

moderate Th peak, 
s l igh t  U ,  no U/Th, 
U/K, Th/K 



Fiducial 

1 5790-1 601 0 

Brief Description Ancxnaly Format ion 

XXI P 

Line 

discontinuous s t r o  
lower U,  pa r t i a l  Th 

regional Th up l i f t ,  
comparable U,, no u / T ~ ,  
U/K, Th/K 

irregular r ~ ~ i o n d  Th, 
no U, no u / T ~ ,  U/K, 
T ~ / K  

strong Th anomaly, 
small U ,  Iio U / T ~  
U/K, T ~ / K  

broad irregular 
regional Th, sli 
no U/Th, U/K, Th 

strong dual Th, small 
U, s l igh t  Th/K 

regiond. irregular Th, 
s l igh t  U ,  pa r t i a l  u/K 
and Th/K 

regiond irregular Th, 
of ight U , no is/l~t?, TT/K, 
T h k  

Th spike, smaller U, 
s l igh t  Th/K 

regional Th increase, 
s l igh t  U increase, 
nn T T / T ~ ,  U/K. T ~ / K  

large irregular Th 
increase, s l igh t  
irregular U, no ~1~1.1, 
U/K, Th/K 

large irregular Th, 
minor U, no u / T ~ ,  U/K, 



. A . P P E N D I X  C 

List of Anomalies by Geologic Unit 



Aero Symbol . 

QG 

&L 

QG 

QC 

QP 

m 
PV A 

- PW 

MVA 

MVP 

L i s t  of Anomalies by Geologic Formation 

No. of No. of U 
Format ion Samples Anomalies 

UB ub 2043 1 

JML Jml . 887 1 

JTRV J% 9205 1 

PZ P 1652 1 

No. of Th 
Anomalies 

ALL OTFER GEOLOGIC UNITS HAVE NO ASSOCIATEB) ANOMALIES 
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,I*. l!!E-.- - FCRMAT ICN E -- ---.-- .................................. %N - DATA SIMPLES UEAh -3 -2 

...... .-.. . . .  . .  ........ ........ N---#fJRMAt-- -------.. 4 64 .- 5 -94.- 7 b 2 3  9 . ~ 1  llrll ..,12r40 ..-.- -.-------- 

29 3.85 NGRMAL 0.91 1.89 2.87 4.83 5.82 6. 0 0  
29 1.71 NCRMAL 0.70 1.04 1.37 1;68.. tie, .-2.Q0 

2.04 2. 38 2.71 
. . . . . . . .  . . . . .  . . . .  . . . .  . . . . . .  . ---- - ' ' .  .z133 2.49 2.69 -.--. .--- .--------.-. 

29 0.42 NCRMAL 0.29 0.34 0.39 0.48 0 52 0.51 
29 4v7t  HCRHbL 2.88 3 051 4.13 5.39 6.01 6.64 

. . .  . . .  ...... . . .  ............ - .------..---. .---.- ----.. --.,. . . - -Ap.--- 

..... ........................ . . . . . . . . . . .  .. ................... ......... FCIRPCT ICN ------- -----,- --- --- . -  EVP 
---, 

SLHPLES MEAh -3 - 2 - I  4 1 +2 + 3 
1.2' 

. . . . .  . .  1.3- E-THOR IW-------~O- q.rtt---f(CRHAL--- . - . 7.12.- 7.80 8a4e 9.84 LO 53 11.21 ..------..-.-. ..--------- 
, -  E URlihlUK 10 1.85 NCRMAL 1.36 1.54 1171 2.06 2.24 2.41 - POTASSIUC 10 1.41 NCRMAL 0.16 1.07 1.27 

CUPK. .--- 10 .-.-- 1.24- -. NCRMnL;-. 
1.68 1.89 2.09 

.. .... ........". ... [ EUtETH 
- 0.51 0.15 .- 0 -99 1.48 1172 1 .96 ..-.........-..-..- 

10 0.12 NCRHAL 0.10 0.13 0.16 0.22 0.25 0.28 
1,. ETH/K LO 5 8 t NCRHAL 4.46 4.93 5.39 6.33 6.80 1&.; --- ... -Aw------. . --- -- .------.... .... ..--... 

7.27 
. . . . .  ........ .---.. 



I- -- ...----..-..- ^- ...-.-- ,_". .-.... . " *C.. ..-. .- . . - . --- .-..-..-*.---- 
W ' Y  . 
6, 

P 

x. --- C H I P 0  - A : . - CUAD 
+ A S e  .-. - - . -- .----- 

n 2 

8 . - --- --.--- - , . .  FCRWPT I C N  ---,.---- - ..!..--- A. -- . EC - - - . - .- --..*... -_. .*----- . 
,- . CATA SbMPLES U E A h  -3 -2 -1 +I + 2 +3 

e 
; -E - T ) I O R i t P - - - - t l ~ ' i + € - 3 K - R  Mdt- - - - - -  -0.68 2183 -. 6x34 ----- - 8,09 -.-- - 9 a  8-.----- 

r .  E U R A L t U C  606 le2C MORNAL -0.27 0.24 0.75 1 .71 2.28 2.79 . P O T A S S I U V  620 Cob1 NCRMAL -0.15 0.10 0.3C 0 ~ f i 7  1.12 1.30 
0.30 ' -" - 0 . 5 3 + ~ ,  --.. 0.94 2.91 5.12 - - . - 9.02 --..- 1. ----" ---.- --- 
0.01 0.10 0.1; 0.37 0.46 0. 55 

60 6 5 a 17 LCGNCqMAL 0. a7 1.58 2.86 16 95 30.61 
-----.-----.- -- -.------- - --- --- -...- - . - . -- - -  - -..*."._ _--.__ _--- 

F C R U l l T I t N  M --- -.-a --. 
M E I h  -3 -2 - 1 rl *2 + 3 

-0680 --- cs I f  - -.- - I r 7 1 - -  -.--- 
0.07 0.13 0.24 3.32 

-0.85 -0 034 0 .  17 2.23 
0. 23. - ----- 0.37.  *a. --- 0.61 v d y  403 t  
0.01 0 003 0.06 1.18 
1.00 1.67 2-57 14.59 . ------------- ----- - -  - -- -.- --- .-- .-- - - - -  , A+ .- - . ..- -- 

F C R W L T l C N  MYP 
--------i. .. -. -. - - . -- .. . .  - - " .  .- - - - .  . .. . .-- ---..+ .. .-....- ..-. -".-- ---- 

SbMPLES MEAL -3 -2 -1 + L * 2 4 3  

0s C l  .--.- or79 ......-- . 1.51 - --. - 5.52 lOs5S --- . 2 0 r  I------ 
0. 09 O . l @  0.35 La43 2 88 5. 81 
0.11 0.20 0.35 1.07 1.00 3. 29 
O.B9* . - -  - - Q ~ 1 9 -  . - .  0.38 - 1.ti0 3.27 - -  .. 6,69 ------. ..-.--- 

-0 114 0 006 0.16 , C.37 0.47 0.57 
0.38 0 080 1.66 7.13 14.81 30.7 J ---- .-.---- .---- . - -  . -. -. - *  -" - - -.--- --.. - ?-" -. - a- -..-- 

F C R M I T I C N  MVR - ;&# - ---------.-- --------.- -.-- - .-- -. . - . - -  . -  - - 2> F. 8,. -& -. & ---.A. --.--.--.-.--- d 

SbMPLES MEAh -3 -2 - 1 4 1 +2 +3 . 

l r60  ----- 2.53- - -3.03 E 72 13.17 - 19.89 ------ 
E U R A h l U P  5 1 1.4C LCGNCRWAL 0.38 0.64 0.93 2.30 3.60 5.65 

5 1 1.58 NCRMAL 1.15 1.29 1.44 1.72 1-87 2.01 
Q-i;-92---LCGWMtMkt- - "'--- 0.40 0.54 0.69 1.20 - - 1.58 - 2.08 ---- ----. . .----- 

5 1 002E NCRMIL  0.16 0 19 0.23 0.30 0.34 0.37 
5 1 3 -5 f LCGNCRMAL 1-84 2.28 2.83 4.36 5.41 6.71 -- -- -- -- . -.-. - *. - -. - -- -- - -. - - -. 



CHIC0 - 
I____-._ A+-- I - -  -. - " . . CUAO 

> c  

--------.-------- - - - -- FCRMAT I C N  --- - .  . . MVA -- . - .  - - ..-.- --,.---- 
SLMPL ES MEAA' -3 -2 -1 + 1 +2 +3 

fXNCRMAi ---- 0.64 -- - -- 1 -04.- -.----- lr7O 4.52 7.37 --  - 12802---- ' 

6 50 1-02  NGRMAL -0.37 0 -09 0 .56  1 -49  1 .96 2 - 4 3  
T45 0 .8€  NCRMAL 0.21 0 .43  0.66 1010 1 32 1 5 4  

+ m - - - + s t r c ~ ~ ~ t  - ---  - - - - -0.37 - - - 0.12--- -- . -  0 . t ~  1.61 2 . t 1  - -  - 2 -60  -- ---------..-- .---- 
6 50 0 .2 s  NCRMbL -Om 06 0 -06 0 .18  0.41 0 . 5 3  Om 6 4  
650 3.64 NCRMAL 0 .69  1-67 2.66 4.62 5 .60  6.59 - - ---- - ---- ----.------- . -..- " - "  . -- .--.- - ---- 

FGRMATICN MV 
_*_-_--_---- -- - - -- - 2 -  - I -  .. .-.---"" --.. . - - - - - - -  - . - --" ------ -----.-- ----- -- 

SLMPLES MEAh -3 - 2 - I  + 1 + 2 +3 

'L-.-*GNoRH~~ t---- .-kRANlUp ' 0.32 
0 . ~ 0 6  -----o,*+--. ---&38 - -- .. .- 2 .2 t  - - . - - -  5.53  -------t%fJ - .- 

LCGNORMAL 0.02 0 -06 0 .13  Om75 1 m.7 1 4.19 
" POTASS 1UC 0.15 , LCGNCRMAL 0.00  0.02 0 .05  0 -49 103S 4 .89  VjAd ;*+-+.mmnAL ---- - 0. f 0 K" - 0.20  . --"- 0 . 4 1  a* 

1 -63  - -  - 3.27 ---- 55 ----.--- --- 
a EUIET)! 0.31  NCRMAL -0.03 0 -09 0 . 2 0  0.42 0 .54  0 .65  

i Q E T H I U  2 - 7 1  LCGNCRWAL 0.45 0 .82  1.51 5 .01 9.28 ---- --..- ..--- .- .-- .l--_.-..l__ . _ _  - . - - -, -. . 
11.00 

- !  - ----.--..--+- -- 

FCRMAT I C N  KU ' ' ---- ..- - . - -  . .,  A k a . .  - - - -----..--- ---------- 
S M P L E S  MEAN -3 -2 -1 4 1 +2 + 3 

0148 -- 
E URANIUW 246 0.45 LCGNORHAL 0.04 - 

,a POTASSIUP 29 1 0.35 LCGNORMAL --------*-+e- -..- k R n &  .- --.-- 0.05 
34 -0.63- --- - s EUIETH 266 0022 LCGNGRMAL 0.05 - , ETHfK 206 4.96 NCRMAL 1.81 
57 

---- -- - . .- 

r 3. 

FCRHAT I C N  ---- ----..- - - -- - - - - -- 7 DATA SIMPLES MEA h -3 

JYL .... . 

-2 -1 

/::brmn rm----sw----a~~r--wmnr --- 
I - ,I E URAhIUP 873 1-90  NORMAL 

eft 1.42 N C R H ~ L  
€Urn-. - t ; - 2  +-- NCRM bk - - - -  
EU fETH 8 73 0.25 LCGNCRMAL 

873 4.24 NCRMAL ----.---.-------- - 
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CHIC0 - . . - - -- .- . . . -- - - . . - . - - ,- . . . . . . - -. . - . . - . - .. .. . 
CUAO . . -... 

-.---------..--.-----.---- - - .- FGRMAT tCN 
.. . - . . . JU - ... . ... . . . .-. . .  . . . .. - . . .. .- .- ..-IC.._-..-.----.-.- 

SAMPLES MEAk -3 - 2 -1  *E + 2 43 

?[' ff)iBfHWW-----m3- +?--#ERM&-.-- .-- - --- 3.98 - - --- .-4*33 .. . . . -5a28 7b18 
E URANIUC 2Q2 1.72 NORMAL -0.34 O a5 5 1 13 2.30 
POTASSIUC 2C3 1 L 1 F LCGNCRMA L 0.69 0.83 11 a99 

wr- - f ;  1.q ---L C ( i m M A l , .  -- - . ---- 0.53 -. - - -a;&,, -.- --.-- 0.91 1-42 
-EWK ---- I] EUtETH , :2: 002E WRM& 

- l . 5 t  
0.03 0.10 0.18 t. 34 

I, ETH/K 1 - - - - - - - . - - _ - -  4.96 NCRMbl __ 1.41 ---_- -._ 2.59 _ ____ -.. _ _ 3.70 - 6.15 , ia 

~ ~ 1 3  --- 01-26 - - -- 0152 
0.51 LCGNCAML 0- 09 fBa 16 0.t9 

0.01 0.09 . 0.09 . - . Q . ~ Q - .  . - . - 0.08 
0.53*- 

5647 OoZL LCGNCRNAL 0-04 0.09 00  15  
5177 2 07E LCGNORMRL 0128 0 59 - ---- .. -- -- - . - -- - 1.27 

" - - ---- - 

FCRlATICN - ---I-- ------ -_-_ . -- -.- f c --  - - -. .-..* 
SLWPLES MEAL - 2 - 2 - 1 - 

4 i 8 0  - -0574 - 
47 0.31 LCGNORMAL 0.06 0.10 0.10 

POTASSIUY 56 0.51 NGRMLL -0.69 -0.29 0.11 
-2-1-9 7. ----MCRHAL - .- . -. 11-31 ------D.95 - - 0.61 

EU/ E l  H 4 5 0.3; NCRHAL 0.05 0.14 0.23 
4 2 4.P; NORWM -0. BQ 1.09 2.98 --- . - - ---- * - -- - - - - --- - - - - -- 

I 

-------I_*_ - _  _-_ _- _ _ _  FCR4llttCN 
- .  

f 10 

SLHPLES MEb h - 3 -2 -1 

------f d1--NCRMAL-- .-- - 
9 0.31 NCRHAL 

10 0a5P NCRlPAL 
9--- 0 .q?-- NCRRAL - -  - 

EU/ETP 9 OoL1 NCRMAL 
9 4.be NCRHAL - -  -- ------ .----- - -  -- - -  

- ----- -.--- - - - -  --.---. . 
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It- - -- -- ----- 
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C H I C 0  -- - -- - - - . - - - - - . - - - . . - . 
CUAO 

A **-- *. - - 
r- a ,kF--- FCRMAT l C R  T I R  

_ - - _ _ _ .  -.-.- - __ ._ . ..-----.- -. .- - .. _ .- - .. .. ... . -.. . ... . -.. . - .  . - .. . - . . .. -- ----- _ ------ - 
, . SAMPLES MEAh -3 - 2 -1 + 1 +2 +3  

T.+@PW -.-. t--fitt..--- - --. .- 4 . . I&.  ..-------. ~ ~ 3 5 .  - - 6x55. -, . 8.94 . -  10.13 -- ..- - l l r 3 2 - -  
14 3.04 NCRMAL -0.52 0 067 1.85 4 022 5.41 6. 59 
14 1.50 NORMAL 0.02 .-.Ir;-CR"At'-- -" ---. - . 1 07 . - .-..' -. 0.51 1 000 1.99 2.48 2.98 1 ;35 .---.. . .- .I .  h*. . . .  . .. .- .. . 2 -  . . .. 6 .  - - - 2 . 7 4  -.-----.----------- 
14 0.36 NCRHAL 0.00 0.12 0.24 0.48 0.60 0.72 
14 5 043 LCGNORMAL 2 30 2 086 3.56 5.51 6. 06 8.54 

-------.-.---.--- .. .. .-- --. .. .. -.. .. .. . . .. .. ~ .--..--.-...--- -.---- .-.-- 

FCRMAT I C N  T V B  ---- - ..-----. . . . --. " ..--*.- - .-- .- -. --. .- -. . . - . - - . .  -- -..- ..-,"....---.-- --- -. ,-.- - --,- 
SPMPLES MEAh -3 - 2 -1 + 1 + 2 + 3 

+f-y+-+qc~~~t----.-- -. -0. 90.  ... . . - -. 3 70 . - .- .- 6.51.- . ... 12011 14.92 . .- . . 17. 72 ...------ --.-- .... .. . ---- 
2.35 , NCRHAL 0.00 0.78 1 eS7 3.14 3.92 4. 70 
1.99 NCRMAL 0.95 1.28 1.61 

~ R M A L  ----.--.--.-.. 0 04. ;.. . . . ...Q -41  . - 0 . 7 8 -  . . . . 2-20 2.61 
l i 5 1  . . -.-.. 1 .. 

2.94 
.8fJ. -- - . - .. . . ----..- ---..-..---..------......- 

0.24 NCRMAL 0.07 0012 0.18 0.30 0. 36 0.42 
4.55 NORMAL 1.20 2.32 3044 5.67 6.79 7.90 

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

508 , ; ~32"CfONORMA+--Oi4f). - - - B ~ 8 5  

FORYATICN T I A  ------ ------ --- --- - 4  . . -*. - . - .  . - 

SAMPLES MEAh -3 -2 - 1 + 1 + 2 +3 

C z  .. 
, 

rtl 
4. -€-THCP t-7 - - r+ ~----~JcRHAL--- la34 - d E U R A ~  [UP 8 3 o.7e NCRMAL -0.16 

POT ASSIUY @7 0.92 LCGNCRMAL 0.61 
U e t t - N C R M A L - - - - - -  --Om24 

8 3  0.22 NCRMIIL 0.02 
E T H I K  8 3  3.40 NCRMAL 0.64 

.* -- - . -- - - - - - - - - - - - - 

E URAktUW 497 0.80 LCGNCRHAC 0. 14 0.25 
POTASSIUC 500 0.82 LCGNCRCAL 

' I  )QfAWM 
0.23 0.35 

, - ' E U f K -  ' i t r  ' i t - e a 2 ~  -.  -- -- 0526 
EU/ ET H 457 0.25 NCRMPL 0.01 0.10 
E T H , ~  45 7 4.07 N c R n a L  -0.15 0.86 ---- ----. . - -- --- --* 

FORHATION - -- ---- - -- - --. - - - - . TL . . 
SAMPLES MEAh -3 -2 
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CPICO CUAO 

Hlifletttlc---. -a+ t - - -s r t t t - - t #RMRt - - - -  -- oi 93 ---- 2 3f- -- -- - -- a172 -. - - 6-40 - .  - 7,116 - ----.- .9.i25------ 
E URARIUP 647 1.2t NOR MI^ -00 13 0.34 o.eo 1-72 2.19 2-68 
POT ASSIUC 641 1-18 NtRMAL -0. l* Om30 0.74 1.62 2-01 2-51 

a*--* ;ty..-rocft*n- - -- -- --. . .  Y O i  L4 - *  ----. 0.27-*-**-- * Om69 1.51 - 1-92 2-34 - --------...- 
647 0.24 NCRWM. Om03 0.10 0-17 0.31 0.38 Om45 
64f 4.52 NCRMAL 1.68 2-63 3.58 5.41 16-41 7.36 . - --.---_. .. --- __-- .. - . .  .-- - - ----< ...... -_-- - ----- 
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tR,,,*(s -"-a- 
0.36 0 -48 0-66 1.22 1.66 2-26 ...... -0iaa --- --0 ~ 3 1 - -  -- -- 0 ~ 6 3  .- . 1 4  - . --zi20 ------ 2* 65-------- 

204 3 0.24. UCRMAL -0-00 0.08 Om11 0.35 0.44 0.53 
2043 4-90 NORMAL 0.94 2 a 2 6  3.58 6-23 7.0 55* 8-87 

, " FCRMhT ION . ~ _--- -__._-- - - - * -- - - . - --->. . " . .- . -- - . - A * . - . - .-.- -. --- -- --A- 
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SIMPLES HEAh -3 -2 - 1 + 1 +2 +3 
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54 8 1mOS NCRMAL -0.22 

0.77 NCRMht 0. LO -- -- -. --.-oi 32 - - 
548 Om21 UCRMAL -0- t33 
548 4-87 lJCRMAL Om91 -------- - .- -- - - -- - - 

i c-'..l 
I I,: 

---- 1167- 
0.43 

41  0.6C NCRHAL 
3&-- f-.lf --YCRM&L- -. - .-. -- O m  16 

0.04 
38 0.2Q LCGNURMAL 0m.35 
38 5.01 NCRMAL 1.05 

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



CH 1 CO CUAO 

FORMAT 1 CN PVR 
,--.----- ......................... --.- .....-......... -.. . . . . . . . . . . . . . . . . . . . . . . . .  ....... - ............................. .- .--.--.- 

SIMPLES WEAL -3 -2 - 1 + 1 + 2 +3 

........ . ...... ..... m - . w - ~ t  -..--.-. ----. 5.91 -..-. .-- 7-=.2+ --- Bc56- 11 .£I- - .  12.54 .l3~8F----------------- 
24 3 095  NCRMAL 1.96 2 062 3.29 4.61 5027  5.94 

POT ASS IUP 24 1.86 NCRWAL 1-40 1.55 
.---.@--RW#t --- -.-- 1 25 1. ,l 

1.71 2.01 2017 .-li.) l... 2.21 2.54 -... 
2.32 .. .... . ............ ........... . .  ......... - - . t iao  4 ..---.----.--.---.-- . 

2 4 0.38 tdCRHA1 00 13 0 022 0.30 0.47 0055 0 0 6 4  
24 5r04 NCRMAL 2-94 3 064 4034 5.74 6.44 7.14 . ,- .. -. ---.. ... -.---..-- .-..--.--. . . . . . . . . . . . . . . . . . . . .  ,. ,- ....-----. - 

FORMAT ICN PC 
--A -------- -*-- - - . --- --.-- - A .----- -. -- - - -  - -  - -.. - - . . - - -. -- -.- .--- -. - .--- -..------ --- a . 

SIMPLES WEAh -3 - 2  -1 + 1 + 2 +3 
- .. 
2 I 7 .st-l-rreRmt----- A*---- lrt6 - - ----+,%5 - - - 10.73 - - 13.92- -- i7rlS 

E URAhIUP 3 4 3.51 HGRWAL -0021 1 0 0 s  2.32 4.84 6 .11  7.37 
37 1.24 NCRMAL -0.08 0.36 r 0.80 1.68 2.12 2.57 

i U ~ N O R W A t d  .------ -0 r 18 ---& Go73 ----*--- 1 oC4 '-.- -- 3.47 a -. 4;38 ------ qi30--------------- 
34 0.41 NCRHAL -0.01 0.13 0.27 0.55 0.69 0.82 
34 5.75 NGRMIL 3.29 4.11 4 a93 6.57 7.39 ---- - -------- - ---- - 

8.20 . . . . . . . . . . . . .  . --- 

FCRHITtCN -..- ----* --- PWV "--. - -  --.*- -. . - - I -- - - ..- -------I---.-- 

SIMPLES MEAh -3 -2 -1 + 1 +2 +3 

--- -- - - -- 0*40 -- ..-- 0 &5 - -- - ---- 1 a30 - - 3.00 
1-01 NCRMAL -0.81 -0.18 0.46 1.73 
0.47 NCRMAL 

ORMAL ------- .- -- - 0.19 0.29 0.38 0.56 
2.43 - '- -- -0 - .- . 0679 - - 4.00 

0.17 LCGNCRWAL 0.03 0.05 0.09 0.3? 
4028 NCRMAL 1010 2.16 3022 5.33 -- --- - --- - ------ - - --- - - - -- - - 

FCRHATICN ......................... PVA - -- --"--- --- 
SIWPLES MEAh - 3 -2 -1 + l  

4 a ~ - E - f ~ o ~ . p ~ E - ~ t - - - - + r f ~ ~ R M I t - . - - -  - -- 0'21 1..r18 . .- 2.15 4.10 .5 .07  6-04 .. .-..----...----- 
E URAWIUR 7 11 0.68 LCGNORHAL 0.10 0018 0.35 10 30 .2 r49 4.79 

804 0.37 NCRWAL -0.07 0.07 0022 0.52 0.67 0s  82 
............... .............................. -2.04 , , -0.49 - . . .  1.06 4.17 5.72 7.26.. 

711 O o Z t  NCRMAL -0.09 0.02 0.14 0 37 0.49 0.61 
6 €5  503E  LCGNORCIAL ~ 1 . 8 7  1.60 2.93 9.85 18 l 04 ---- -.-----..--.--.-.. ....... . . . . . . . . . . . . . . . . . -  ..... 

33.05 - 
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3+-NtjRflAL----- -- - 0 .  ---.- - - 1 *52 --- .-- .-- 2.51 . - -- 4.66 
009C NaRMAL -0 30 0010 0.50 1.30 

4 4 0  6.50 RCRHAL -0 39 -0.09 0021 Ow80 
Eu,K-'--J tf---~o.,,,.*---#CR~Ot ----. . - -..*,,. 84 . - - .-- 0 . 1 0  - -  - 1.03 - 2.91 --- 
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0094 LCGNCRMAL 00 17 0.30 0053 1.65 2.90 So09 
0.45 LCGNClMAL 0.07 0013 err*' 0024 * 00.83 1 .Ye '" 2.92 t .- h~ 

ml* - . .. i ~~.~n~~--- - 00 2 2  - -- --- 0.39 - --.-- 0.72 . -  - .  - 2*,2 - - +.,a .------.-- 8.11 - ---- 
12 158 0.25 YCRHhh -0.03 0 006 0.16 0035 0.44 0.54 
l 2 1 l t  5 LCGNORMAL 00 72 1-31) 2 -66 9r85 19.94. -- - -- - -- - -- - -- -- - -- - - - - - - - . - -. - . " +-- 

36.42 - - - - -  -..- - ----- -- 

f h e R V % 3 - - - - 4 # 4 . - - t f B ) I C R M A . 1 : - -  - I 23.--- -- h 9 5  .- - -- 3.09- - t.78 - . 12.34 --- 19rW.--- - 
URAhlUF . 11306 1.55 NCRMR -0.17 0.21 0.80 2a22 2089 3.56 

POTASSlUP 135t7 1.06 NCRniH. -0.52 0.01 0.53 1-58 2.11 2.63 - - -  1 i ? t - - - , . m N W * L L - -  - - -- -- 0.22 -- -- -0 r39-- .- 0.70 - . - - 2 ~ 2 t r  .- . -- - . -7s28-.--.----.-- 
11237 0.2C LCGNCRHAL 0.04 0 007 0.12 0.34 0.57 0.97 
11266 6059 NCRHlL ' 0.84 2 075 4.67 8049 ---- - ---- -- - . .-- - . .  .- -- LO 40 - - -  12-32 . --- -- - - - .------ - - --- 

c I:! 
- - - - - - - -  ------.._--_--_.-_- ---.-- ". . . . - -  . *-.- _ . .. - .. . . . .. - .- ..- . ------ -.- . . . . .. - - . 

s PHPL ES MEAL -3 -2 -1 4 I + 2 + 3 

3r7+--tOONeRHAt - ---- 
1573 1.01 NCRHbL 
1651 003E LCGNGRHAL 
t.23----t ; l C  ---tCGNORHA t - - - --- 
15 51 0 *2  t LCGHCRHIL 
1522 5.2 1 LCGNCRML -. - .-- -- . - - --. -- 

-- -- - - -. - - 



C H I C 0  CUAO 
-----..- ..-,...---------.- . . . . . - -. . . . - .- - 

---.--- . 
FCRMATICN , 0 I 

A . . . . -......--..-.- 4- ------. . -- . . .  . . . . .  . . . . - . . -. .- --- -. .&. --.-.- ---...-- 

S I M P 1  ES M E A l  -3 -2 - 1 + 1 + 2 3 

MA t------ -0.10. ..----- O i f f  -.,, 5 45.  . .  1 *94  . - .. - + d 3  -..- ---- -8 a ----- 
1514 0 5 1 LCGNORMAL 0.09 0 .17  0 .29  0.91 1.60 2.83 
1809 0.12 PCGNCRMAL .Or01 0 .05  0 .31  0 .76  1.87 o* 14 ..--.----. 0 002 0 ~ 3 0  0.65 . - . 2.92 - 6 . 2 1 . - .  - .  ...-. 13*22 .--- ---..---.--.-.,-- 

1 z t t  0.2e LEGNORMAL 0.06 0.10 . . 0.17 0.47 0.79 1.32 
120,o 3.40 LCGNORMAL 0.43 0.86 . 1.71 6 -76  13.45 26.76 --- -.---.----.- ---.. . .----.-. - - .-.-.- .. . .. . - . . . . - . ... . . . -- .- - - . . - - 

FORMAT ICN UB -.-- ..-----.---. . , --.. &-. ,.. .-.-- .----. - .. . .- -.. . "- . . . . . --.-----. 
S I M P L E S  NEAR -3 - 2 -1 + 1 +2 t3 

r • M W R  Mkt----- 6.1 13 -.---- -&27 .----- -- ,3,5+_ ...-. P.'22 . 6.48 -----.-. 9*-. 
155 4 O e 5 5  , LCGNURMAL 0.09 0.17 ' 0.31 . 1 e00 1.00 3.24 

0.12 LCGNORMAL . ' 0.01 0 002 
~;~c-GH~MA.L-- 0 -12) . -. -.-.. -+- 27 .- -.-- 0.05 

o i g 7  -.-........ ..- 0.29 0 .71  
2.53 --. - ..  . . 5 30 --.--..- 

1.76 
-Ira-- 1ti12.--- ------ -.- . 

EU/ETH 1382 0 .2?  LEGNORMAL 0.04 0.07 0.13 0.41 0 .72  1 2 9  
1219 4.91 LCGNORMAL 0,071 1.36 2.50 9.34 t7 .77  33.80 -.- ..-.--. ---.- --.-* .- - . .--.. .. - . . . . . . , . . - - . . - - I . - -. . . - . 

FCRWAT lCN 
---A- - -  ----.-. .-" .- - - . -.. - . . - r W -.. - -.-. . - - 

M E A l  - 3 -2 - 1 + 1 - ----.-.-- 3.55 --.---- gr30 . -  0,qIj. -- .5.4f 
E URAR'WC . ' 3 f 4  1.02 . W R M A L  -0.94 -0.28 0 .37  1.61 

356 0.65 NCRMAL -0.67 -0.23 
~ f l ( - . ~ ~ ~ - i ' ~ . . - t ~ ~ n ~ & i i  - -  . 0 .  39..  . .-. 0.21  

0 ~ 5 9  A .----.. ..o .90 .. . ... 1 e09 
4.07 

EUf E T H  2 26 0.3C NCRMAL -0 04  0 007 0 .18  0.41 
-0.07 1.63 3.34 6.76 2 80 5.05 NORMAL 

i ---.----- ---.. ---- - .- .- --..- - .- .. .. . - -  . .. . - - 





f ~ t c  T F . S I I I  ~ L Y R  AIM t n t a ~  a alto 
1 Y J r  L4 I LPW, CL F L ~  UNII tuSM I J  LlIltN1 FLb t t l l  I LG t U  FLb K FLG LUIErH tU/K EtH/K t t H P  PMS 

6&E(i14 F t t  1 CI'S LI'S CPS YPU PP )r PGJ CELClUS MMlG 
I 5079 b6.0011b -1b0.9197 'iStJ, 1 ~ 4  MAW W 31 1 -12 NAU -1.1 NAU -0.5 NAD U.0 NAO 0.0 0.0 0.0 12.7 14b.8 \ .  
I 5080 64.009t -160.91R11 55li)Z 751 MAW W 2" 1 )b Malt 0.0 NAD O.LNA0 O.1NA" 0.0 0.0 0.0 12.1 4 ' - - . A  

5081 6+.00d7 -160.91~6 5513> l*l M W  U tb 1 4 NAU 0.2 NAD 0.1 NAO -0.1 NAO 0.0 0.0 0.0 12.7 747.4 a I 
& ,  

SOIL bC.0080 -1bUeYlbo 55133 IJO M46( Y 3% 1 -bO NAU 0.0 NAO 0.3 NAU -0. 1 NAI: 0.0 0.0 0.0 12.7 747.7 
5063 64.OI)HB -lbD.F1'~4 551JL 722 rGIW U 2 1  1 -4 NAO -5.7 NAD 2.3 -0.4 NAC 0.0 0.0 0.0 12.7 7ZU.0 " '- '  " !ji 50.4 0 U 4  5 1  11 2 11. U 2U 1 -12 NAU 0.5 NAD -1.7 NAD U.O NAD 0.0 0.9 0.0 12.1 148.1 
5085 64.UUIY -1bU.9131 5513s l J 2  MkR Y 23 I 11 WAR 0.0 NAD 0.4 NAU -0-3 NAU 0.0 0.0 0.0 12.7 748.5 

- 5086 66.0090 -1bO.9121 55103 69 1 Y 22 1 50 0.3 NAO -0.1 M A 0  0.0 NbD 0.0 0.0'  0.0 12.l 748.8 * - - -  .-- 
8 . .  5007 64.0091 -160.9109 55135 ~ u O  Y 23 1 46 0.3 NAU 0.0 NAU -0-0 NAD 0.0 0.0 0.0 1207 749.1 

!',I 
5098 b4.UO92 -lbO.W)09Y 55332 b7 J W 17 1 72 0.b MAR 0.3 NAU -0.3 NAD 0.0 0.0 0.0 12.8 749.3 !.I 

: m a  
5089 64.0092 -1bO.YOAI 55105 bb8 U ' -  20 1 156 -1.6 NAD 0.7 W4R -0.0 NAB - 0.0 0.0 0.0. - 12.8- 

' -'-.*'--".a/ 
,*a 

SOYO 6C.CO93 -160.9075 55331 bbb U 32 1 113 0.0 NIIU 0.6 W A R  0-0  NAO 0.0 0.0 0.0 12.8 749.4 **.I 
1,) 5091 b4.OUJ3 -lbO.pOb* 5533+ ob7 Y 30 1 247 -0.2 NAU 0.6 MAR 0.1 NAD 0.0 0.0 0.0 12.8 749.3 .(mi 1w4 

1. $ 5092 64.0094 -160. 9052 55304 b7 1 U 29 1 343 0.2 NAU 1.1 00 3 0.0 4.0 0.0 12.8 140.2 
l~* i  SOY# 64.0094 -160.9042 553U4 b79 U 23 1 659 2 09 -0.6 Nm 0.8 0.0 0.0 3.3 12.8 748.9 I,; . I 
a IS 5094 b4.0095 -1b0.9030 55306 b@J U 34 0 965 3.2 1.4 0.8 0.5 1.9 4.1 12.9 748.5 I"I - - -5095 b4.0006 -160.901 7 55335 --657 US-'-- 24  0 1208 " 8 06 0.0 #tO. 0.5- -. -'-7).b- '0;0 '18.3 "l2.C. "748.1.-'--- " I:$ 5096 b4.OO9b-lb~+YO01553OI 463 KS 12 0 945 2.5 1 7 0, 5 -0.7 3.5 5.2 12.9 747.8 

I*'( 
:PI' 

I* 5097 b0.0098 -160.8999 5530, *55 KS 20 0 031 3.0 1.5 0.6 0.5 2.8 5.5 12.9 7 d I imt -  "- 'YOPd- '-b9.0096 '160.8995 53303--*!, 1 US-- 22-  0 '  159 - 2.-2"" l o *  - -.-- 0 -w-f~ t-"d.t--" tz.9- -Ta l i  I M. 

509P 64.0099 -160.8913 55.305 465 KS 29 0 699 1.7 2.0 0.5 1.1 4 4  4.1 12.9 14b.5 
5lOO b4.0100 -1601 8962 55301 679 KS 28 0 LLO 0.5 MAD 1.3 0.4 0.0 3.7 0.0 1 146.1 11 .310L .- b5iUlUU=ibOib) l~~~553Q% - l9T - S 26.--.0 581- ---'"" 2.2 - ' ‘0;s mff 0.3- - - - -o .T - -~ .B - ' -T~v - ' zzz~"~M;F  
5102 64.0101 -160.1960 553UQ 51 8 KS 35 3 512 1.3 -0.2 NA0 0.3 0.0 0.0 4.2 12.9 745.1 
5103 64.0101 -1b008928 553UJ 540 KS 20 0 b77 2.1 1.0 0.2 0.5 5.6 11.2 12.8 145.5 

- 3 l m - .  6~ .o tOt~ leo- .s91s .¶33or  3 6 9 - "  - 'ICf--- 26 0 .' 579---- - *107. - -  - 8.2 -- 0. t -'- - - Or r e -  o i +;B-*+M- 
5105 64.Ul03 -160.8905 55304 608 KS 21  - 1  b l l  3.2 3.1 & O  NAO 1.0 0.0 0.0 12.8 745.6 
5106 64.0103 -160.8895 553W 614 KS 16 -1 551 3 -1  0.2 NAb 013 0.0 0.0 11.1 12.8 74505 

&*--.5107 -64.0104 =16U-88113 5533c-595"--"  ltf- --3, - 6A8 - .  -.-- I * b -  . - -  ' 2 * 4  ---- u,f 71U- - 1,5; -m. o- r z  .-5---na-765 is-- 
A 5108 b4.0105 -160.8873 553JZ 515 KS 22 - 1  510 0.2 MAD 1.3 ff- 3 0.0 5 1  0.0 8 745.3 
YJ 5109 64.0106 -1bO.8860 553- 552 US 2H -1 437 0.0 NAD 1.0 Q.1 WlR 0.0 9.0 0.0 12.8 145.2 

a3 
1 4  

alr-'- '51 10 -- 64.0107 =160.8848 553W 3 2  R r  23 b l  409 - ' 0.3 NAD 1. I ' - 0.0 - *.0" -0.Q' 12.8-- T15.1-'-" 
~ 1 1 1  b+.o107 -1b0.8831 r53ar 514 US 2s -1  379 1.0 MAR -0.1 MAD 0.3 0.0 0.0 3.0 12.8 744,7 

lPi 5112 b4.0100 -160.8826 553U5 501 US 35 -1  325 0.3 NAR 1.4 01 1 WAR 2.5 13.6 5.5 12.8 744.5 c+*- 
I I 

- 5113 64oOLrlB ;160.0Rl6 55335- 690- -- - .KT-'-'Zff- - 1  - 411 ' -  --0.0 NAO "'1.1 '-'-I--- 
51 1+ b4.0109 -1b0.8803 55329 481 KS 22 - 1  417 1.0 5.0 a.1 WAR 1.0 12.7 12.9 12.8 744.3 '21 5115 L4.01LO -160.8791 55305 4 t 7  KS 28 -1  517 0.8 MAR 1.1 ( P O  3 1.3 4 0  3.1 12.8 744-1 - - - 51 16 ~ I ~ o ~ ~ o = ~ ~ o . ~ ~ L - ~ s s ~ o Q  - 479 m--- 1 r  o 6 1 6 -  - I.* 0.7 - ' 0.9 
5117 64~0111' -160~0769 553.6 486 K S  23 0 623 4.3 0.8 00 6 0.2 1 4  7.0 12.8 743.9 

I, 5118 64.0111 -160.8759 55333 4'43 KS 22 0 607 2.5 1.5 Ca* 1 0.6 10.2 5 12.8 744.0 
5119 64.0112 -1bCo87Cb-55303 ' 5CO . - -  MSe--- 31 - - O  ' 693 * "  -3.5- .--* . a.5 u~R--u* 5- - -- " 0 . r  - 1.; I- - 7.4 
5120 64.0113 -160.8734 55303 5lJY K S  22 -1  b33 2.2 2.6 00 3 
5121 t4.0113 -160.8724 5 5 3 a  5 i b  K S  30 -1 b36 3.7 0.2 NAO 8.3 
$ 1 ~ 2  - ar.oLif  =ieo.-o?tt 35352 319 - US - 25 -r - 777 - -. --?t;t -- 

0.9 0.4 
-1.3 ---%3- 

5123 64.0113 -160.8701 5 5 4 ~  9 l I  US 26 -2 658 3 • B 
5124 60.0113 -1b0.8b119 5 5 J U  51 7 US 32 -2 718 O O R  MAR 1.9 0.7 
5125 61.0Ll3-160.867735302" 5 2 3 - '  US-'- 32 -2 763 -' 2 . f  . 2.2 - -- 0.2' 
5126 64.0'Ll4-lbO.(Ibb? 55302 541 KS 25 - 1  781 3.2 1.3 8- 6 
5127 b4eCI14 -160.8654 553111 559 KS 26 -1  136 1.1 WAR 2.6 So 3 
5128 64.0114 -LbO.66*4 55340 5?4 US 2 1  -1 668 3.2 0.2 II&O 0.4 
5129 bC.0114-160.8632 55380 592 KS 21 0 640 2 -4 3.5 -8.0 NLO l o +  0.0 0.0 12.9 147.3 
5130 b6.0113 -1bO.IbIU 513OI bob K S  11 0 696 1.9 1.9 0.3 
5131 64.0113 -1bO.Eb09 55U)i a17 US 27  0 595 1.4 0.7 MrR 0.3 

SIWLE RECORD OAT4 LINE 240 PACE 1 . - -- OUIPUT tlNG L IN€ 210 * -p i  
220 Fins 293s ~18665 OUIPUT 10 SRRO TAPE 

p7' - - . -  . . . ..."... - . . - m e .  





I. U r U 
s i n  t r l t  s r o  rr : r~  s r o  

I ' O l  f LC, r1T.V R h l l O  3 C V  W A l I O  UFV 
yr.1 ' 
3.7 I 0,5 0 2.8 0 
ti. 7 , 0 Ob5 1 2.9 0 
6.7 0 0.6. 2 3.1 1 
P. 7 0 0.6 2 3.2 1 
0.7 0 ' 0 . 6  2 2.9 0 
0.7 0 0.5 1 2.7 0 
0.8 0 0.5 1 2.5 0 
O..A 0 0.4 0 2.1 0 
0.8 0 0.4 0 2.1 0 
0. B 0 0.4 0 1.9 0 
0. C 0 0.4 0 1.9 0 
0.8 0 0.4 0 1.6 0 
0.8 0 0.3 0 1.6 0 
0.7 -' 0 '  , 0.3 0 1.7 0 
0.7 .. 0 0.3 0 1.6 0 
0.7 0 0.3 0 1.4 -1 
0.7 .. 0 .- 0.3 0 1.5 -1 
0.7 0 0.3 - 1  1.4 -1 
0.7 0 0.2 - 1  1.3 -1  
0.7 0 , 0 2  - 1  1.3 - 1  
0.7 0, 0.2 - 1  1 . 4 0 1  
0.7 0 0 . 2 - 1  1.2 -1  
0.7 0 0 .2 '  -1  1.3 -1 
0.6 0 0.2 -1 1.3 -I 
0.5 - 1  , 0 0 3  0 1.7 0 
0.5 -la 0.4 0 1.8 0 
0.4 - 1  0.4 0 1.9 0 
0.3 - 1  0.4 0 2.2 0 
0.3 - 1  0 1 2.5 0 
0.3 - 1  0.6 2 2.9 1 
0.3 1 0.7 1 3.1 0 
0.3 - 1  ' 0.8 3 3.4 1 
0.3 - 1  0.6 2 3.2 1 
Om 4 - 1  0.6 2 2.8 0 
0 .4  1 0.5 1 2.9 0 
0.4 - 1  0.5 1 2.7 0 
0.4 - 1  0.5 1 2.7 0 
0.5 -I ' 0.4 ' 0 ' 2.4 0 
0.5 - 1  0.4 0 2.2 0 
0.4 - 1  0.4 0 2.3 0 
0 -  5 - 1  0 . 3 .  0 1.9 0 
0.5 - 1  0.3 0 2.0 0 
0.5 - 1  0.3 0 2.1 0 
0.5 - 1  " 0.2" - 1  1.7 0 
0.5 0 0 . 2 - 1  1 . 5 - 1  
0. b ' 0 0.2 - 1  1.4 -1 
0. 6 0 0 0 I 0 
0. b 0 0.3 0 2.0 0 
0.6 0 0.3 0 2.1 0 
0.  h 0 0.4 0 2.4 0 
0.6 0 0.4 0 2.1 0 
0.6 0 0.4 0 2.2 0 
0. b 0 .  0.5 I 2.5 0 

FTH 
PfJlA S f 0  
R A 1  l U  DEV 





DOE SINGLE mORD FEDUCED DATA TAPE 

Line Character Number 
Number 1 234567891 234567891 234567891 234567891 254567850? 2345678g1 234567891 

I 02 0378 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES) 
2 
3 SINGLE RECORD FEDUCED DATA TAPE 

FORMAT FOR TAPE IDENTIFICATION BLCCK (SECOND BUXK) 

FORMAT 
A4.0 
A20 
I 4  
I1 

DESCFUPTION - - 
QUADRANGLE NAME AS PROJECT IDEN!L' IFICATIQN 

ITEM 
1 
2 
3 
4 

NAME OF SlTBCONTRACTOR 
APPROXIMATE DATE OF SURVEY (MONTH, YEAR) 
NlTMEER OF AERIAL SYSTEMS USED 110 COlLEC'J! DATA FOR 
THIS QUADRANGU 
. ~ I A T . I  SYSTFM I ~ P J T T F I C A T X ~ N  mnF: r n ~  FIRST S Y S ~  
AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER FOR 
FIRST SYSTEM 
NOMINAL ALTITUDE SYSTm SENSITIVITY RELATIVE TO 
TEFEWTRIALI KITASSIUM ( ~ 4 0 )  TO ONE DECIMAL PLACE 
I N  CPS PER PERCENT K FOR FIRST SYSTEM 
NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
TERRESTRIAL URANIUM (BI-214) TO ONE DECIMAL PLACE -- - 

I N  CPS PER PPM EQUIVmNT U 
NOMINAL ALTITUDE SYSTEM SENSITIVITY 
TERRESTRIAL THORIUM ( ~ ~ 2 0 8 )  TO ONE 
TN CPS PRR .TTM FQ1JI'vAI.m TH, 

RELATIVE TO 
DECIMAL PLACE 

BLANK' FIELD (999999) 
4PI-SYSTEM DATA COLIXTION INTEFtVAL 
PLACE3 I N  3ECONW IDR FIR3T 3Y3TBl 
2FI-EN3TlN DATA COLIiECTION INTERVAL 
PLACES I N  SEONDS FOR FIRST SYSTEM 
NUMEER OF CHANNEIS (0-3 MEV) IN 4 F 

TO THREE DECIMAL 

TO T m  bEPMAE 

? SYSTEM FOR FlRST 
AERIAL SYSTEM 
NUMBER OF CHANNELS (0-3 MEV) I N  2 PI SYSTEM FOR FIRST 
AERIAL SYSTEM 
R.VYAT OF TTFMS 5-1 4 FOR SZOND AERIAL SYSTEM * 

* 
(SAME 
I3 
14 
I6  
I3 

* 
REPEAT OF ITEMS 5-1 4 'EYIR NINTH AEFWdi SYSTEM 
NUMEEX OF FLIGHT LINES ON THIS TAPE 
FWST FLIGflT L I E  NUMBER ON THE3 TAPE 
FIRST mCOl?D NUMHER OF FIRST FLIGHT LINE 
JULIAN DATE (DAY OF YEAR) FIRST FLIGHT-LINE DATA WAS 
C O L ~ E D  
REPEAT OF ITEMS 96-98 FOR SEEOM) FLIGHT LINE ON THIS 
TAPE * * * 

* * * 
3+392 I4,6,  4 REPEAT OF ITEMS 96-98 FOR 99TH FLIGFJT LI& ON THIS 

TAPE 



Line 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 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 3 1  2 

52 FORMAT FOR SINGIJ3 RFI=ORD RIDUCED DATA R E O R D  (THIRD THRU LAST BLCCK) 
53 
54 ITEM FDRMAT DESCXPTION 
55 1 I 1  AEXIAL SYSTEM INDENTIFICATION CODE 
56 2 I4  F'LIWT LINE NUMHER 
57 3 I6 RECORD IDENTIFICATION NUMEEFl 
58 4 I6 GMT TIME OF DAY (HHMMSS) 
59 5 li8 -4 LATITUDE TO FOUR DECIMAL PLACES IN DEGREES 
60 6 m.4 LONGITUDE TO FOUR DECIMAL PLACES I N  D E G m  
6 1  7 F6 .1  TERRAIN CUARANCE TO ONE DECIMAL PLACE IN METERS 
62 8 3'7 1 RESIDUAL ( I G R F  FENOVED) MAGNETIC F I E L D  INTENSITY 
63 TO ONE DECIMAL PLACE IN GAMMAS 
64 9 AS SURFACE G;EOLCGIC MELP UNIT CODE 
65 1 0  I4  QUALITY FLAG CODES 
66 1 1  F 6 . 1  APPARENT CONCENTRATION O F  TERRESTRIAL POTASSIUM 
67 (K-40) TO ONE DECIMAL PLACE I N  PERCENT K 
68 1 2  F4 .1  UNCERTAINTY I N  TERRESTRIAL EJTASSIUM TO ONE DECIMAL 
69 PLACE IN m m  K 
70 1 3  F 6 . 1  APPARENT CONCENTRATION OF TERRESTRIAL URANIUM 
7 1  (BI -214)  TO ONE DECIMAL PLACE I N  PPM EQUIVAIENT U 
72 1 4  F4 .1  UNCERTAINTY I N  TERRESTRIAL W I U M  TO ONE DECIMAL 
73 PLACE I N  PPM EX2UIVALENT U 
74 1 5  %.I APPARFS\PT CONCENllRATION OF' TEERB'I'RIAL THORIUM 
75 ( ~ I r 2 0 8 f  TO ONE DECIMAL PLACE I N  PPM EQU1VPJ;ENT TH 
76 1 6  3'4.1 UNCERTAINTY I N  TERRESTRIAL THORIUM TO ONE DECIMAL 
77 PLACE I N  PPM EQUIVALENT TH 
78 1 7  5 6 . 1  URANWTO-THORIUM RATIO TO ONE DECIMAL PLACE IN 
79 PPM IQUIVAIENT U F'ER PPM EQUIVALENT TH 
80 1 8  %.I URANIUM-TCLPOS'IIASSIUM RATIO TO ONE DECIMAL PLACE I N  
8 1  PPM EQUIVALENT U PER PERCENT K 
82 1 9  F6 .1  THCRIWTO-PO'IIASSIUM RATIO TO ONE DECIMAL PLACE I N  
83 PPM a U I V A I E N T  TH PER PERCENT K 
84 20 38. I GROSS GAMMA (0.4-3.0 MEV) COUNT RATE TO ONE DECIMAL 
85 PUCE IN COUNTS PER SECOND 
86 2 1  Ffj .I WCERTAINTY I N  GROSS GAMMA COUNT RATE TO ONE DECIMAL 
87 PLACE IN COUNTS PER SECOND 
88 22 FS.1 ATMOSPKERIC BI -214  4 P I  CORFECTION TO ONE DECIMAL 
89 PLACE IN PPM EQUIVALESTT U 
90 23 F4.1  UNCERTAINTY I N  ATMOSPHERIC B I - 2 1 4  4 P I  CORRECTION 
9 1  TO ONE DECIMAL PLACE I N  PPM EQUIVALEN'J! U 
92 24 F4. I OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE IN 
93 DlZFCEES CELSIUS 
94 25 F5.1 OUTSIDE AIR PRBSITRE TO ONE DECIMAL PLACE IN MMKG 





DOE RAW S P E C T W  DATA TAPE 

Line Character number 
N u m b e r  1 2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 

1 0 1  0378 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES) 
2 
3 , RAW S P E C T W  DATA TAPE 
4 
5 FORMAT FOR TAPE IDENTIFICATION B I X K  (SEOND BLCCK ON TAPE) 

DESCRIPTION - 
QUADRANGLE NAME AS PROJECT IDENTIFICATION 
NAME OF SUBCONTRAmOR 
APPROXIMATE DATE OF CURW (MONTII, YEAR) 
AERIAL SYSTEM I D E N T P I C A T I O N  CODE 
AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER 
BlTC CALIBRATION REPORT NlTMBER 
4H SysTm UATA (JJL'CTTUN 'JJTlVAL TO THREE DECIMAL 

ITEM 
1 
2 
3 
4 
5 
6 
7 

FORMAT 
A40 
A20 
I4  
I 1  
A20 

PLACES I N  SECONDS 
2PI SYSTEM DATA C O L E T I O N  INTERVAL TO THREE DECIMAL 
PLACES I N  SECONDS 
NUMBER OF CHANNEIS (0-3 MEV) FOR 4 P I  SYSTEM 
NUMlXR .OF cTbUME8 (0-3 MEV) FOR 2PI SYSTEM 
NUMEEB OF L I ~  ON THIS TAPE 
F I R S T  FLIGHT L I N E  m R  ON T H I S  TAPE 
F I R S T  RECORD NUMBER OF F I R S T  FLIGHT L I N E  
JULIAN DATE (DAY O F  YEAR) F I R S T  FLIGHT L I N E  WAS 
~OLETED 
REPEAT OF ITEMS 12-1 4 FOR SECOND FLIGHT L I N E  ON THIS 
TAPE * 

* 
* 

REPEAT OF ITEMS 12-1 4 FOR 9 g T H  FLIGHT L I N E  ON T H I S  
TAPE 

FORMAT FOR F U W  SPECTRAL DATA RECORD (THIRD THRU LAST BUXK ON TAPE) 

m S c m Y T I O N  
AERIAL SYSTEM IDENTIFICATION CODE 
FLICdIT LINE NUMEBR 
RECORD IDENTIFICATION NU= - -  

CTMT TIME OF DAY (HHIQBS) 
LATITUDE TO ~ U R  DECIMAL P L A ~  IN nmms 
LONGITUDE TO FOUR DECIMAL PLACES I N  DEGREES 
TERRAIN CLEMANCE TO ONE DECIMAL PLACE I N  METERS 
TOTAL MAGNETIC FLELD INTENSITY TO ONE DECIMAL PLACE 
IN GAMMAS 
SURFACE GEOLCGIC MAP UNIT CODE 
QUALITY FLAG CODEX 
OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE IN 
DM;REES C r n I U S  
OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG 
L I V E  TIME COUNTING PERIOD TO THREE DECIMAL PLACES I N  



Line Character Number 
'Number 1 2345678901 2345678901 2345678901 2345678901 2345678901 2345678901 2345678931 2 

52 14 I 4  SUMMED RAW OUTPUT FROM COSMIC CHANNELS (3-6 MEv) I N  
53 COUNTS 
54 15 I 4  RAW OUTPUT FROM CHANNEL 1 I N  COUNTS 
55 16 I4  RAW OUTPUT FROM CHANNEL 2 I N  COUNTS 
56 * * * 
57 * * * 
58 * * * 
59 270 I 4  RAW OUTPUT IROM CHANNEL 256 I N  COUNTS 



kmt, DOE STATISTICAL ANALYSIS DATA TAPE 



DOE STATISTICAL ANALYSIS DATA TAPE 

Line Character Number 
Nmbe r 1 234567893 1 234567893 1 234567893 1 234567893 1 234567893 1 234567893 1 234567893 1 2 m 

1 03 a 7 8  (DATA TAPE TYPE AND FORMAT SPECIFICA!KON DATE CODES) 
2 
3 STATISTICAL ANALYSIS DATA TAPE 
4 
5 FORMAT FOR TAPE IDENTI??ICATION BLOCK (sEOND BLOCK) 
6 
7 ITEM FORMAT DESCRIPTION 
8 1 A40 QUADRANGTX NAME AS PROJXX I DENT TFIC ATION 
9 2 A20 NAME OF SlMCONTRACTOR 
10 3 I 4  APPROXIMATE DATE OF 3URKT.i (MOIVTH, VTAR) 
11 4 I1 bTIJMBER OF AERTATt w.STll%S USED TO COLIECT DATA IOR 
12 THIS QUADRANGLE 
13  5 I1 AERIAL SYSTEM IDENTIFICATION CODE FOR FIRST SYSTEM 
14 6 A20 AIRCRAR! IDENTIFICATION BY TYPE AND FAA NUMBER FOR 
15 FIRST SYSTEM 
16 7 36.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
17 TEFRESIIRIAL FOTASSIUM (K-40) TO ONE DECIMAL PLACE 
18 I N  CP3 PER PERCENT K 
19 8 I%. 1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
20 TERRESTRIAL URANIUM (B1-214) TO ONE DECIMAL PLACE 
21 I N  CPS PER PPM EQUIVAIXNT U 
22 9 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO 
2 3 TERRB!ClUAL THORIUM (TL208) TO Om DECIMAL PLACE 
24 I N  CPS PER PPM EQU1VAI;ENT TH 
25 10 I6  BLANK FIELD (999999) 
26 1 1  F6 -3 4PI-SYSTEM DATA COLLECTION INTEFtVAL TO THREE DECIMAL 
27 RIACRS I N  SECONDS FOR FIRST SYSTEM 
28 12 F6 -7 ZPI-SYSTFM DATA (53LUXTION INTERVAL TO TW(EE D E f M B L  
29 PLACES I N  SEONDS FOR FIRST SYSTEM 
30 13 I3 NUMBER OF CHANNEIS (0-3 MEV) IN 4 PI SYSTEM FOR FEET 
3 1 AERIAL SYSTEM 
32 14 I3 NUMHER OF C.XWEL8 (0-30 MEV) I N  2 PI SYSTEM FOR FIRST 
33 AERIAL SYSTEM 
34 15-24 (SAME) REPEAT OF ITEMS 5-14 FOR AERIAL SYSTEM 
35 * * * 
36 * * * 
71 * * * 
38 85-94 (SAME) REPEAT OF ITEMS 5-14 FOR NINTH AERIAL SYSTEM 
39 95 I3 W W  Uk' F'LlGHT LINE3 ON THIS TAPE 
40 36 T4 PIROT l?LIfXT LIPTE NUIGER ON THE WIT 
41 97 I6 FIRST RECORD NUMBER OF FIRST FLIGHT LINE 
42 98 I3 JULIAN DATE (DAY OF YEAR) FIRST FLIGHT LINE DATA WAS 
43 COLLECTED 
44 99-101 I4,6 &3 W E A T  OF ITEMS 96-98 FOR SEOND FLIGHT LINE ONE ThIS 
45 TAPE 
46 * * * 
47 * * * 
48 * * * 
49 390-392 I4,6 &3 REPEAT OF ITEMS 96-98 FOR ggTH l?LIGRT LINE ON THIS 
50 TAPE 
5 1 



? Line 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 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 3 1  2 

52 FORMAT FOR STATISTICAL ANALYSIS DATA RECORD (THIRD THFXJ LAST B ~ K )  
53 
54 ITEM FOFU4AT DESCRIPTION 
55 1 I 1  AERIAL SYSTEM IDENTIFICATION CODE 
56 2 I4 l%IQIT LINE NUMBER 
57 3 I6  FIECORD IDENTIFICATION NUMBER 
58 4 I6 GMT TIME OF' DAY (HHMMSS) . 

59 5 F-84 LATITUDE TO FOUR DECIMAL PLACES I N  Da3REES 
60 6 m.4 LONGITUDE TO FOUR DECIMAL PLACES I N  DEGREES 
6 1  7 . %.I TERRAIN CIEA&UICE TO ONE DECIMAL PLACE I N  METERS 
62 8 F7.1  FESIDUAL (IGRJ? RFMOVED) MAGNETIC F I E L D  INTENSITY 
63 TO ONE DECIMAL PLACE I N  GAMMAS 
64 9 A 8  SURFACE GE0IXX;IC MAP UNIT CODE 
65 1 0  15 QUALITY FLAG CODES 
66 1 1  F6.1 AVERAGED CONCENTRATION O F  TERRIETFUAL POTASSIUM 
67 ( ~ 4 0 )  TO ONE DECIMAL PLACE IN PERCENT K 
68 1 2  F 4 . 1  UNCERTAINTY I N  TERRFSTRIAL FQTASSIUM TO ONE DECIMAL 
69 PLACE IN PERCENT K 
70 1 3  F'5 I POTASSIUM STANDARD DEVIATION FROM THE MEAN TO ,ONE 
7 1  DECIMAL PLACE AND ALGEEblICATiGY SIGNED 
72 1 4  %.I  AVERAGED CONCENTRATION OF TERRESTRIAL URANIUM 
73 ( B I - 2 1 4 )  TO ONE DECIMAL PLACE I N  PPM EQUIVALENT U 
74 1 5  3'4.1 UNCaMlAINTY I N  TERRESTRIAL URANIUM TO ONE DECIMAL 
75 PLACE I N  PPM EQUIVALENT U 
76 1 6  5 - 1  URANIUM STANDARD DEVIATION IXOM THE MEAN TO ONE 
77 DECIMAL P U C E  AND ALGEBRAICALLY SIGNED 
78 1 7  F6.1 AVERAGED CONCENTRATION OF TERRESTRIAL THORIUM 
79 ( ~ ~ 2 0 8 )  TO ONE DECIMAL PLACE I N  PPM EQUIVALENT TH 
80 1 8  F4.1 UNCERTAINTY IN TERRESTRIAL THORIUM TO ONE DECIMAL 
8 1  PLACE I N  PPM EQUIVALENT !CH 
82 1 9  FS.7 THORIUM STANDARD DEVIATION FROM THE MEAN TO ONE 
83 DECIMAL PLACE AND ALGEEblICATiGY SIGNED 
84, 20 m.l .GROSSGRrIMA ( 0 . 4 - 3 . 0 ~ )  COUNT R A T E T O  ONE DECIMAL 
85 PLACE IN COUNTS PER SECOND 
86 2 1  F6 .1  UNCERTAINTY I N  GROSS GAMMA COUNT RATE TO ONE DECIMAL 
87 PLACE IN COUNTS PER SECOID 
88 22 FS - 1  ATMOSPHERIC BI -214  ;QPI CORRECTION TO ONE DECIMAL 
89 PLACE I N  PPM EQUIVALENT U 
90 23 UNCERTAINTY I N  ATMOSPHERIC B I - 2 1 4  4 P I  CORRECTION 
9 1  F4'1 TO ONE DECIMAL PLACE IN PPM EQUIVALENT U 
92 24 F 6 . 1  AVERACED URANIUM-TO-THORIUM RATIO TO ONE DECIMAL 
93 PLACE I N  PPM EQUIVALENT U PER PPM EQUIVALENT TH 
94 25 F S - 1  URANIIUM-TO-THORIUM RATIO STANDARD DEVIATION FROM THE 
95 MEAN TO ONE DECIMAL PLACE AND JSGGEBRAICALLY SIGNED 
96 26 F6 .1  AVERAGED URANIWLTO-POTASSIUM RATIO TO ONE DECIMAL 
97 PLACE I N  PPM EQUIVALENT U PER PERCENT K 
98 27 E.1 M T U M - T O - P O T A S S U M  RATIO STANDARD DEVIATION FROM 
99 THE MEAN TO OITX DECIMAL PLACE AND AIGEBRAICAUY 
d * 

1 0 0  S I W  
1 0 1  28 F6 .1  AVERAGE THORIUM-TO-POTASSIUM RATIO TO ONE DECIMAL 
1 0 2  PLACE I N  PPM EX2UIVALENT TH PER PERCENT K 
1 0 3  29 F 5 . 1  THORIUM-TO-WTASSITTM RATIO S!NNDAEiD DEVIATION FROM 
1 04 THE MEAN TO ONE DECIMPI, PLACE AND A L G E B R A I C U Y  
1 05 SIGNED 





DOE S T A T I S T I C f i  ANALYSIS SXJIQ4.Y DATA TAPE 

Line Character Number 
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 

05 0978 (DATA TAPE TYPE AND FORMAT SPECIFICA!I'ION DATE CODE) 

STATISTIC& ANALYSIS SUMMARY TAPE (OR FIm) 

~ R M A T  FOR TAPE IDENTIFICATION BZ~OCK (SEOND BLOCK) 

ITEM FORMAT DESCFUPTION - 
1 4 0  QUADRANGLE NAME AS PROJECT IDENTIFICATION 
.2 A20 - NAMT OF SITBCOI\TTRACl'OR 
3 I4 APPROXIMtiTE .DATE OF SURVFI (MONTH, YEAR) 
4 16 N l M 5 l R  O F  G E O U D I C  MAP UNITE USED FOR THIS 

QUADRANGLE 

ITEM FORMAT DESCRIPTION 
1 A 8  SURFACE GEOLOGIC MAP UNIT IDENTIFYING CODE 
2 I6 TOTAL RECORDS FOR GEOLOGIC MAP UNIT 
3 I6 NUMBER OF POTASSIUM RECORDS COMPUTED FOR O L C G I C  

U N I T S  
POTASSIUM CONCENTRATION MEAN TO ONE DECIMAL PLACE 
IN PERCENT K 
POTASSIUM CONCENTRATION STANDAFD DEVIATION TO ONE 
DECIMAL PLACE I N  PERCENT K 
POTASSIUM CONCENTRATION DISTRIBUTION CODE 
NIMEER OF URANIUM RECOFDS COMPUTED FOR GEOLOGIC UNIT 
URANIUM CONCl3NTRATION MEAN TO ONE DECIMAL PLACE 
I N  PPM EQUIVALENT U 
URANIUM CONCENTRATION STANDARD DEVIATION TO ONE 
DECIMAL PLACE I N  PPM EQUIVALENT U 
URANIUM CONCENTRATION DISTRIBUTION CODE 
NUMBER 03' THORIUM KE'CORDS COMPUTED N R  GEX)LCGIC UNIT 
THCIRTUM CONCENTRATION MEAN TO ONE DECIMAL PLACE IN 
PPM EQUIVALENT TH 
THORIUM CClLEmRATION S W D m  DEVTATTnN TO ONE 
DECMAL PLACE I N  PPM 'EQUIVALENT TH 
THCRIuM CDNCENTRAT TIIN DTS'ITRIBK!! IQN CODE 
NUMBER OF URANIUM-TO-THORIUM RATIO RECORDS C O P P m  
FOR m O L C G I C  UNIT 
URANIUM-TO-THORIUM RATIO MEAN TO ONE DECIMAL PLACE 
I N  PPM EQUIVALENT U PER PPM EQUIVALENT TH 
URANIUM-TO-THORIUM RATIO STANDARD DEVIATION TO ONE 
DECIMAL PLACE I N  PPN EQUIVALENT U PER PPM EQUIVALENT 
TH 
URANIUM-TGTHCRIUM RAT I0 DISTRIBUTION CODE 
NUMHER OF URANIUM-TO-POTASSIUM RATIO RECORDS 
COMPUTED FOR t X O r n I C  UNIT 
URANIUM-T&FOTASSIUM RATIO MEAN TO ONE DECIMAL PLACE 
IN PPM EgUIVfUEN'l! U PER PERCENT K 



Line Character Number 
Number 12345678901 2345678901 2345678931 2345678901 2345678901 2345678901 2345678901 2 

%.I URANIUM-TO-POTASSIUM RATIO STANDAFD DEVIATION TO ONE 
DECIMAL PLACE IN PPM EQUIVALENT U PER PERCENT K 

A 3  URANIUM-TO-POTASSIUM RATIO DISTRIBUTION CODE 
I6 NUMHER OF THORIUM-TO-POTASSIUM RATIO RECORDS 

COMPVTED FDR mOLOGIC UNIT 
X.1 THORIUM-TO-POTASSIUM RATIO MEAN TO ONE D E C m  PLACE 

I N  PPM D3UIVAlXNT TH PER PERCENT K 
%.I THORIWTO-POTASSIUM RATIO STANDARD DEVIATION TO ONE 

DECIMAL PLACE - I N  PPM EQUIVAI;ENT TH PER PERCENT K 
A 3  THORIUM-TGPOTASSIUM RATIO DISTRIBUTION CODE 



A P P E N D I X  L 

Format, DOE MAGNETIC DATA TAPE 



DOE MAGNETIC DATA TAPE FORMAT 

Character N u m b e r  m Line 
N u m b e r  1 2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 3 4 5 6 7 8 9 3 1  2 

1 04 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES) 
2 
3 MAGXETIC DATA TAPE 
4 
5 FORMAT FOR TAPE IDENTIFICATION- B I E K  (SECOND BLOCK) 
6 
7 I T W i  FORMAT DESCIIIPTION - 
8 1 A40 QUADRANGLE NAME A$ PROJECT 1 U U T I F I C A T I O N  
9 3 A20 1 m  02' ~03~TTRnCTOR 
1 0  3 I 4  APPROXIMATE DATE OF SUKVeY (MONTH, YEAR) 
1 1  4 I3 NUMBER OF FLIGHT LINES ON T H I S  TAPE 
13 5 I4  , F I R S T  FLIGHT LINE OF THTS TAPE 
13 6 I6  F l R S T  N U W H  01' I'LK8T FZIQTT L I N E  
14 7 I3 JULIAN DATE (DAY OF YEAR) F I R S T  FLIGHT L I N E  DATA WAS 
1 5  COLIECTED 
1 6  8 I8 -4 LATITUDE OF GROUND BASE STATION TO FOUR DECIMAL 
17 PLACES I N  DMjREES FOR F I R S T  n I G H T  L I N E  
1 8  9 18 -4 LONGITUDE OF GROUND BASE STATION TO FOUR DECIMAL 
1 9  PLACE3 IN D E W 3 3 3  FOR F I R S T  FZIGRT L I N E  
20 10-14 (SAME) REPEAT OF ITEMS 5-9 FOR SECOND FLIGHT L I N E  ON T K I S  
2 1 TAPE 
22 " * * 
27, * * * 
24 * * * 
25 495499 (SAME) REPEAT OF ITENS 5-9 N R  9 9 T H  FLIGRJ! L I N E  ON T H I S  
2 6 TAPE 
n 
28 KIRMAT FOR MAGNETIC DATA REEORD (THIRD THRU LAST BLOCK) 
29 
30 ITEM FORMAT DESCFUPTION 
3 1  1 I 1  AERIAL SYSTEM IDENTIFICATION CODE 
32 2 FLIGHT L I N E  NJ'rTE3R 

-7 

I4 
33 7 16 RECORD I D ~ T C I F I C A T I O N  NUMBER 
34 4 I6 Gf4rp TIME 011' UaY (HWIN~S) 
35 5 FS ~4 LATITUDE TO FOUR DECIMAL PLACES I N  DEGREES 
36 6 FS -4 LONGITUD~ TO FOUR UECIMAL F~ALTS IN DFC~REG~ 
37 7 I6 .I TERRAIN C W C E  TO ONE DECIMAL PLACE I N  METERS 
38 8 E 1 UU'l'SlLJX AIR PRE33URE TO 0NB DBCIMAL PLACE! I N  Mm 
39 9 A8 SURFACE G I ~ I T I ~ T C  MAP UNIT a D E  
40 1 0  F'i' 1 TOTAL MAGNETIC F I E L D  INTEXSITY TO ONE DECIMAL PLA(;B 
4 1  IN GAMMAS 
42 1 1  F'7 1 RESIDUAL (IGFP RFMOVED) MAGNETIC F I E L D  INTENSITY 
43 TO ONE DECIMAL PLACE I N  GAMMAS 
44 1 2  F7 .1  DIl.RNA& MACrNF:TIC INTENSITY VARIATION TO ONE DECIMAL 
45 PLACE I N  GAMMAS 
46 13 F7.1  MACrNETIC DEPTE-TO-BASEMENT TO ONE DECIMAL PLACE 
47 I N  METERS (IF mum) 



A P P E N D I X  M 

Reduced Cal ibrat ion and Test  Line Data 



Date - 
08/11 /60 

08/14/~dl 

09/25/8~1 

09/25 /@3 

Flight, 

12 

13 

107 

Reduced Calibration and Test Line Data. 

Res. Thor. Res. Thor. I o w  ?ref l ight  
583 261 5 Alt. .T.C. 2n 

Txw Postf l ight  
A .  T.C. 25r 

400' 1175 9 

403' .I175 .9 

No Test 

40 'Test 

403' 1250 13 

4Cr>' 1250 13 



Flight 

1 3  

1 39 

140 

141 

1 42 

143 

1 44 

Res. Thor. 
563 

5.7s 

6 .M 

6 *@ 

6 .M 

6.M 

6 0% 

6 .M 

10/07/80 . 145 6 OM 

I, 0/07/80 146 6 - M  

1 0/07/80 1 47 6-@ 

1 0/08/80 1 48 5.5$ 

10/09/80 152 5 .% 

1 0/09/80 15'5 5 . 9  

N/A = NOT AVAILAETZ 

Res. Thor. 
261 5 

Low Prefl ight  
A l t .  T.C. 2n 

Low Postf l ight  
A l t .  T.C. 2n 

403' 1250 13 

400' 1250 11 

400' 1250 11 





CHIC0 QUADRANGLE 

LINE 690 FLOWN AS LINE 695 AND 696 
MAP FIDUCIALS 4743 TO 5275 COFEBPOND TO ORIGINAL FIDUCIALS 5275 TO 4743 
MAP FIDUCIAIS 5276 TO 7956 CORliESPOND TO ORIGINAL FIDUCIAIS 10428 TO 7747 

~ r n  700 mom AS LINE: 700 AND 702 
MAP FIDUCIALS XX>2 TO 2482 CORRESmND TO ORIGINAL FIDUCIAIS 2482 TO 2CO2 
MAP FIDUCIALS 2483 TO 5216 CORRESPOND TO ORIGINAL FIDUCIALS 4934 TO 7667 

LINE 71OFLOWNASLINE 713,AND 714 
MAP FIDUCIALS 7095 TO 7564 CORRESPOND TO ORIGINAL FIDUCIALS 16240 TO 7085 
MAP FIDUCIAIS 7565 TO 10154 CORREYYCINIJ TO ORIGINAL FIDUCIAJS 16250 TO 13661 

Lnm 720 mom1 rn LTNE 720 mu 721 
MAP F I D U C I A I S  2'51 TO 321 5 CORRESmlTD YO ORIGINAL PIDUCIM.8 371 5 TQ 134'18 
MAT PIDUL'LNsS 321 6 TO 6065 CORRlBPOND TO ORIGINAL FIDUCIALS 10633 TO 1 3478 

LINE 730 FLOWN AS LIE3 730 AND 731 
MAP FIDUCIALS 7815 TO 8288 CORRESIOND TO ORIGINAL FIDUCIALS 7815 TO 8288 
MAP FIDUCIALS 8289 TO 10857 COFEUTSPOND TO ORIGINAL FIDUCIALS 21902 TO 19333 

LINE 740 FLOWN AS LINE 740 AND 741 
MAP FIDUCIAIS 3370 TO 381 9 CORRFSFOND TO ORIGINAL FIDUCIAIS 381 9 TO 3370 
MAP FIDUCIALS 3820 TO 6500 CORRESPOND TO ORIGINAL FIDUCIALS 3370 TO 19185 

LINE 750 F'LOtJN AS LINE 750 AND 751 AND 752 
MAP FIDUCIALS 19924 TO 20066 CORRESFOM) TO ORIG.INAL FIDUCIALS 20066 TO 19924 
MAP FIDUCIALS X067 TO 21554 CORRESPOND TO ORIGINAL FIDUCIAIS 1812 TO 3 3 9  
MAP FIDUCIALS 21555 TO 23218 CORRESPOND TO ORIGINAL FIDUCIALS 5986 TO 5067 

1 760 mwbl AS L I I ~  760 AI'TD 762 ANT-, 761 
MAP FIDUCIALS 3947 TO 4402 C O m ] ? O N U  TO ORIGINAL FfDUClALB 4402 TO 394'1 
MAP FIDUCIALS 4403 TO 6043 C0RKESK)ND TO ORIGINAL FIDUCIAIS 1673 TO 33 
MAP FIDUCIALS 6044 TO 7074 CORRESPOND TO ORIGINAL FIDUCIALS 4693 TO 3662 

LINE ''170 FLOWN AS LINE 771 AND 772 
M A P  FIULTCIATR 8861 TO 9320 COREBPOND TO ORIGINAL FIDUCIALS 9320 TC) 8861 
MAP FIDUCIAIS 9321 TO 12233 COBRE3rCINn TO ORIGINAT, FIPUCIALS 571 TO 3539 

LINE 780 mWN AS LINE 780 AND 781 
FIl7TTCIU 9533 TO 10001 CORRES'POND TO ORIGINAL PIDUCIALS 10001 TU 9533 

MAP FIDUCW 10002 TU 12794 COFilDlOWI'D TO ORTGTNKL FIDUCIALS 4330 TO 71 03 

LINE 790 ??LOW' AS LINE 791 AND 792 
MPP FIDUCIALS 10495 TO 10945 CORRESPOND TO ORIGINAL FIDUCIALS 10945 TO 10495 
MAP FIDUCIALS 10346 TO 13591 CORRESPOND TO OPIGINAL FIDUCIALS 9282 TO 7182 

LINE 800 FLOWN AS LINE 800 
MAP FIDUCIALS 1 2703 TO 15646 CORRESPONI, TO ORIGINAL FIDUCIAhS 15646 TO 12703 

LINE 810 FLOWN AS LINE 81 1 AND 812 
MAP FIDUCIALS 1 1 1 15 TO 1 1583 CORRES'POND TO ORIGINAL FIDUCIALS 1 1583 TO 1 1 1 15 
MAP FIDUCIALS 1 1  584 TO 141 36 CORRESPOND TO ORIGINAL FIDUCIALS 9941 TO 12494 



a CH ICO QUADRANGLF: 

LINE 820 FZOWN AS LINE 821 
MAP FIDUCIALS 14621 10 15068 CORRESPOND TO ORIGINAL FIDUCIALS 15068 TO 14621 
MAP FIDUCIASS, 15069 TO 17610 CORRESPOND TO ORIGINAL FIDUCIALS 15854 TO 18395 

LINE 830 now AS LINE 831 AND 832 
MAP ITDUCIALS 12237 TO 12686 CORRESFOND TO ORIGINAL FIDUCIALS 12686 TO 12237 
MAP FIDUCIALS 12687 TO 15252 CORRESPOND TO ORIGINAL FIDUCIALS 21 157 TO 18592 

LINE 840 FLOWN AS LINE 840 AND 842 
MAP FIDUCIALS 13933 TO 14377 CORRESPOND TO ORIGINAL FIDUCIALS 14377 TO 13933 
MAP FIDUCIALS 14378 TO 17059 CORRESPOND TO ORIGINAL FIDUCIALS 4881 TO 2199 

LlN3 850 FLOWN AS LINE 851 AND 853 AND 852 
MAP FIDUCIAIS, 12900 TO 13367 CORRESFOND TO ORIGINAL FTDUCIALS 13367 TO 12900 
MAP FIDUCIAIS 1 3368 TO 14406 CORRESPOND TO ORIGINAL FIDUCIALS 1 5308 TO 14269 
M4.P FIDUCIALS 14407 TO 16026 CORRESPOND TO ORIGINAL FIDUCIALS 190 TO 1807 

LINE '860 FLOWN AS LINE 860 AND 861 
MAP FIDUCIAIS 3874 TO 5424 CORRESPOND TO ORIGINAL FIDUCIALS 5424 TO B74 
MAF' FIDUCIALS 5425 TO 7084 CORRESPOND TO ORIGINAL FIDUCIALS 17339 TO 15679 

LINE 870 FZOWN AS LINE 870 AND 871 AND 872 
MAP FIDUCIALS 15521 TO 16021 CORRESPOND TO ORIGINAL FIDUCIALS 16021 TO 15521 
W FIDUCIALS 16022 TO 17053 CORRESPOND TO ORIGINAL FIDUCIAIS 6585 TO 5554 
MAP FIDUCIALS 17054 TO 18532 CORRESPOND TO ORIGINAL FIDUCIALS 141 34 TO 1561 3 

LINE 880 FZOWNAS LINE 880 AND 881 AND 882 
MAP FIDUCIALS 16219 TO 16692 CORREXPOND TO ORIGINAL FIDUCIALS 16692 TO 16219 
MAP FIDUCIALS 16693 TO 17704 CORRESPOND TO ORIGINAL FIDUCIALS 6830 TO 7842 
MAP FIDUCIALS 17705 TO 191 57 CORRESPOND TO ORIGINAL FIDUCIALS 1081 1 TO 9359 

LINE 890 FLOWN AS LINE 890 AND 891 AND 892 
MAP FIDUCIALS 17186 TO 17655 CORRESPOND TO ORIGINAL FIDUCIALS 17655 TO 17186 
MAP FIDUCIALS 17656 TO 18736 CORRESPOND TO ORIGINAL FIDUCIfGS 702 TO 1783 
MAP FIDUCIALS 18737 TO 201 6 3  CORRE3POND TO O R I G I ~ ~  FIDTJCTAI9 1 4 0 9  TO 1 2583 

LINE 900 FLOWN AS LINX 900 AND 901 
MAP FIDUCIALS 2169 TO 3620 COFRESFQND TO ORIGINAL FIDUCIALS 3620 TO 2169 
MAP FID1JCIP;LS 3621 TO 5185 CORRESFOND TO OFUGINAL FIDUCIALS 10959 TO 12524 

LINE 910FLOWNASLINE 910AND 911 
M4.P F I D U C I A I S  51 1 TO 991 CORFBSPOND TO ORIGINAL FIDUCIALS 991 TO 51 1 
MAP FIDUCIALS 992 TO 3621 CORRESPOND TO ORIGINAL FIDUCIALS 651 TO 3280 

LINE 4000 FLOWN AS LINE 4000 AND 4001 
MAP FIDUCIALS 1840 TO 3177 CORRESPOND TO ORIGINAL FIDUCIALS 3177 TO 1840 
MAP FIDUCIAIS 3178 TO 3736 CORRESPOND TO ORIGINAL I?IDTJCIAIS 91 TO 650 

LINE 4010 FLOWN AS LINE 4010 AND 4011 
MAP FIDUCIAIS 91 TO 878 CORRESPOND TO ORIGINAL FIDUCIAIS, 878 TO 91 
MAP FIUUCIALS 879 TO 1873 CORRESFOND TO ORIGINAL FIDUCIALS 575 TO 1576 



LINE 4020 FLOWN AS LINE 4020 
MAP FIDUCIALS 606 TO 2648 CORRESPOND TO ORIGINAL FIDUCIALS 2648 TO 606 

LINE 4030 FLOWN AS LINE 4030 
MAP PIDUCIALS 1 21 16 TO 141 56 CORRESPOND TO ORIGINAL FIDUCIALS 141 56 TO 121 16 

LINE 4040 FLOWN AS LINE 4040 
MAP FIDUCIALS 9644 TO 11858 CORRESPOND TO ORIGINAL FIDUCIALS 11858 TO 9644 

LINE 4050 mom AS LINE 4050 
MAP FIDUCIALS 7341 TO 9506 CORRISPOND TO ORZGITJAL FIDUCIALS 9506 TO 7341 

LINX 4060 FLOWN A3 LINE 4060 AND 406.1 
MAP FIDUCIALS 4653 TO 5354 CORRESPOND TO ORIGINAL FIDUCIALS 5354 TO 4657 
W l?tDUCIALS 5355 TO 6313 CORnlXTOND TO Ol?JC)INBL FIDUCIAId 54-80 TO 7039 

LINE 4070 FLOWN AS LINE 4070 
MAP FIDUCIALS 21 25 TO 4460 CORRESPOND TO ORIGINAL FIDITCIALS 4460 TO 21 25 

LINE 4080 FWWN AS LINE 4080 
MAP FIDUCIALS 233 TO 1909 CORRESPOND TO 0RIGI.NAlr FIDUCIALS 1909 TO 233 




