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URANIUM POTENTIAL OF PRECAMBRIAN 

ROCKS I N  THE RAFT RIVER AREA OF 

NORTHWESTERN UTAH AND SOUTHCENTRAL IDAHO 

A b s t r a c t  

Precambrian quar tz -pebb le  conglomerates h o s t  impo r tan t  uranium depos i t s  

i n  Canada and South A f r i c a .  A p p l i c a t i o n  o f  t h e  i n f o r m a t i o n  and ideas  ga ined 

f rom s t u d i e s  o f  these t ype  areas r e s u l t e d  i n  t h e  d i .scovery o f  p o t e n t i a l l y  

s i g n i f i c a n t  uranium m i n e r a l i z a t i o n  i n  c e r t a i n  Precambrian metasedimentary 

rocks  i n  GJyoming and South Dakota. A p r e l i m i n a r y  l i t e r a t u r e  s tudy  and 

one-day f i e l d  v i s i t  by  BFEC and USGS g e o l o g i s t s  prompted s e l e c t i o n  o f  t h e  

Elba and Yost Q u a r t z i t e s  and Archean metasedimentary rocks  f o r  e v a l u a t i o n .  

Accord ing ly ,  a  s tudy  o f  t h e  Raf t  R i v e r  area was under taken i n  suppo r t  of 

t h e  Na t i ona l  Uranium Resource Eva lua t i on  (NURE) program t o  eva lua te  t h e  

p o t e n t i a l  o f  these Precambrian W and X ( ? )  metasedimentary u n i t s  t o  h o s t  

Precambrian quar tz-pebble conglomerate uranium depos i ts .  

Cons idera t ions  o f  access, r e l i e f ,  a v a i l a b l e  t ime,  season, s t r a t i g r a p h i c  

and s t r u c t u r a l  comp lex i t i es ,  and g e n e r a l l y  poor  exposures o f  r ocks  

f o l  1  owed f i e l d  reconnaissance, r a d i a t i o n  measurements, and geochemical 

sampl ing as t h e  most c o s t  e f f e c t i v e  methods f o r  a  t i m e l y  e v a l u a t i o n  

o f  .uranium p o t e n t i a l .  A t o t a l  o f  1214 geochemical samples were c o l  l e c t e d  

and ana1,yzed. The sampl i n g  medi a  i n c l  uded 334 waters ,  616 s t ream sediments,  

and 264 rocks.  I n  a d d i t i o n ,  some s t r a t i g r a p h i c  sec t i ons  o f  E lba  and Yost 

Q u a r t z i t e s  and Archean metasedimentary r o c k  were measured and sampled 

and numerous r a d i a t i o n  de te rmina t ions  made o f  t h e  va r i ous  t a r g e t  u n i t s .  
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s t a t i s t i c a l  e v a l u a t i o n  o f  the  geochemical da ta  p e r m i t t e d  r e c o g n i t i o n  o f  

156 uranium anomal ies,  52 i n  wa te r ,  79 i n  stream sediment, and 25 i n  r ock .  

. . ~ e o g r a ~ h i c a l l ~ ,  68 a r e  l o c a t e d  i n  t h e  Grouse Creek Mountains,  43 i n  t h e  

Raf.t .R iver  l~ loun' tains,  and 41 i n  t h e  A l b i o n  Range. Areal  d i s t r i b u t i o n  

o f  t h e  geochemical anomalies o f  uranium revea l s  a  conspicuous p re fe rence  

f o r  c e r t a i n  l i t h o s t r a t i g r a o h i c  u n i t s ,  and 125 o f  t h e  uranium anomalies 

occu r  i n  samples o b t a i n e d  f ron i  Precambrian W and X ( ? )  l i t h o l o g i e s .  

1nlet 'pt.etd t i o n  o f  t l i e  va r ious  data leads l o  l t ~ e  COIIL~ us ~ U I I  l l ~ d l  

u r a n i  um anomal i e s  r e 1  a t e  t o  s p a r i n g l y  and moderate ly  s o l u b l e  u r a n i  fe rous  

heavy m ine ra l s ,  which occur  as sparse b u t  w i d e l y  d i s t r i b u t e d  magmatic, 

d e t r i t a l ,  and/or metamorph ica l l y  segregated components i n  t h e  t a r g e t  

1  i t h o s t r a t i g r a p h i c  u n i t s .  The u r a n i f e r o u s  m ine ra l s  known t o  occur  and 

b e l i e v e d  t o  account  f o r  t h e  geochemical anomalies i n c l u d e  a l l a n i t e ,  

monazi te ,  z i r c o n ,  and a p a t i t e .  I n  some ins tances  samarsk i te  may be 

impo r tan t .  These. heavy minera ls  c o n t a i n  uranium and qeochemica l ly  
. . 

r e l a t e d  elements,  such as thor ium,  cer ium,y i t t r ium,and  z i rcon ium,  i n  

s u f f i c i e n t  q u a n t i t i e s  t o  account f o r  b o t h  t h e  conspicuous l i t h o l o g i c  

p re fe rence  and t h e  g e n e r a l l y  observed low ampl i tude  o f  t h e  anomal ies.  

The va r i ous  da ta  generated i n  connect ion w i t h  t h i s  s tudy ,  as w e l l  

as those  a v a i l a b l e  i n  t he  pub l i shed  l i t e r a t u r e ,  c o l l e c t i v e l y  s u p p o r t . t h e  

conc lus ion  t h a t  t he  var ious  Precambrian W and X ( ? )  1  i t h o s t r a t i g r a p h i  c  

u n i t s  p re - se lec ted  f o r  e v a l u a t i o n  p robab ly  1  ack p o t e n t i a l  t o  h o s t  

i m p o r t a n t  Precan~br ian quar tz -pebb le  conglomerate uranium depos i t s .  Moreover, 

i t  i s  a l s o  doubted t h a t  they possess any p o t e n t i a l  t o  h o s t  P r o t e r o z o i c  

unconformi t y - t y p e  uranium depos i ts .  The data suggest a  poss i  b i  1  i t y  of 

hydrothermal ve in ,  o r  ve ry  weakly d isseminated u r a n i  urn m ine ra l  i z a t i o n ,  i n  

c e r t a i n  areas where geochemical and a i r b o r n e  r a d i a t i o n  anomal ies,  w i t h  
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w i t h  o r  w i t h o u t  assoc ia ted  s u l f i d e  m i n e r a l i z a t i o n ,  sodium metasomatism, 

o r  two-mica adame l l i t e ,  correspond t o  exposures o f  Precambrian W o r  X ( ? )  

t a r g e t  u n i t s .  P rospec t i ve  areas f o r  t h i s  t y p e  o f  m i n e r a l i z a t i o n  

p o t e n t i a l l y  i n c l u d e  t h e  mant led gneiss dome i n  t h e  c e n t r a l  Grouse Creek 
, I 

~ o u n t a i n s ,  t h e ' a r e a i n  between t h e  L e f t  Hand Fork o f  Johnson Creek and . 

Char les ton  Creek, t h e  Century Hol low and Ashbrook m in ing  d i s t r i c t s ,  

t h e  Upper Narrows area, and t h e  Cedar H i l l s  area. A l l  a r e  cons idered  

r e l a t i v e l y  remote prospects ,  b u t  f i e 1  d check ing o f  these  areas. i s  

j u s t i f i e d  and recommended as a p recau t i ona ry  measure. W i th i n .  t h e  t ime  

and budget c o n s t r a i n t s  imposed by t h e  p r ima ry  s tudy  o b j e c t i v e s ,  i t  was 

n o t  p o s s i b l e  t o  i n v e s t i g a t e  o r  sample t h e  Pa leozo ic  and. T e r t i a r y  rocks.  

An o b j e c t i v e  a p p r a i s a l  o f  t h e i r  uranium p o t e n t i a l  i s  t h e r e f o r e  l a c k i n g ,  ' 
a.1 though b o t h  a r e  cons idered t o  have some, a l b e i t  l a rge ly .unknown,  . ''. 

p o t e n t i a l  t o  h o s t  hydrothermal ve in ,  c o n t a c t  metasomatic , v o l  canogenic, 

carbon.aceous sha le  and l i g n i t e ,  and sandstone t ype  uranium depos i t s .  
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INTRODUCTION 

Purpose and Scope 

Th iss tudywas conducted i n  support o f  the  Nat iona l  Uranium Resource 

Eva1 u a t i o n  (NURE) program, s p e c i f i c a l l y  the World Class Studies (WCS) program 

element. NURE i s  a U.S. Department o f  Energy program managed by the  

Grand Junc t i on  O f f i c e .  I t s  purpose i s  t o  acqu i re  and compile geo log ic  

and o t h e r  in format ior1 w i  LII  w l t i d ~  t o  assess the  magnitude and d i s t r i b u t i o n  

o f  u r a n i  urn resourc.es and.  t o  determine areas favorab le  f o r  t he  occurrence 

o f  uranium i n  the  Un i ted  States. The WCS program o b j e c t i v e ,  i n s o f a r  as 

i t  r e l a t e s  t o  t h i s  s tudy,  i s  t o  eva lua te  the uranium p o t e n t i a l  o f  se lec ted  

areas i n  the  Un i ted  States f o r  major (World Class) non-sandstone uranium 

depos i ts  sirni 1 a r  t o  those recognized i n  f o r e i g n  count r ies .  

Uranium-bearing quar tz-pebble conglomerates o f  E a r l y  Pro terozo ic  

age account f o r  17 percent  of the non-communist wor ld  uranium reserves 

a v a i l a b l e  a t  $30 per  pound o r  l c s s  (Chenoweth, 1977). Important  deposi ts  

occur i n  t h e  Witwatersrand area, South A f r i c a ,  and the  E l l i o t  Lake- 

B l i n d  R iver  reg ion ,  Ontar io  ( f i g .  1 ) .  A p p l i c a t i o n  o f  the  ideas and 

i n fo rma t ion  gained. from 'extensive s tud ies  o f  these type areas .has r e s u l t e d  

i n  p o t e n t i a l l y  s i g n i f i c a n t  d i scovs r ies  of uranium-bearing metasedimentary 

rocks i n  t he  Medicine Bow - S i e r r a  Madre Mountains o f  Wyoming by Graff 

and Houston (1977) and i n  the Black H i l l s  o f  South Dakota by H i l l s  (1977). 

Recogni t ion o f  u ran i fe rous  conglomerate and q u a r t z i t e  i n  t he  metasedimentary 

sequences of these two areas prompted Bendix F i e l d  Engineering Corporat ion 

(BFEC) t o  i n i t i a t e  reconnaissance s tud ies  i n  o the r  areas o f  the  \\lyoming 
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FIGURE I .  World-wide distribution of Early Proterozoic-type 
fossil  p lacer  uranium and gold occurrences. 

(Modified after Houston and Karlstrom, 1980) 



Precambrian P.rovince deemed f a v o r a b l e  f o r  t h e  occurrence o f  r a d i o a c t i v e -  

metasedimentary sequences. S e l e c t i o n  of  areas f o r  reconnaissance was 

based on t h r e e  c r i t e r i a ,  n o t a b l y  ( 1 )  t h e  presence o f  La te  Archean and/or  

rnetasedimentary rocks ,  ( 2 )  t he  presence of a p ro found  r e g i o n a l  uncon fo rmi ty  

between t h e  Archean'basement r ocks  and t h e  o v e r l y i n g  metasedimentary rocks ,  

and ( 3 )  t h e  presence o f  Precambrian pebble conglomerate and/or q u a r t z i t e  

u n i t s  s i m i i a r  i n  c h a r a c t e r  t o  those o f  t h e  t ype  areas.  

A p r e l i m i n a r y  1 i t e r a t u r e  s tudy  by BFEC and a one day f i e l d  v i s i t  by  

BFEC and USGS g e o l o g i s t s  i n d i c a t e d  t h a t  t h e  R a f t  R i ve r ,  Grouse Creek, and 

A1 b i  on Ranges c o n t a i n  ~ r e c a m b r i a n  rocks  t h a t  genera l  l y  meet t h e  

s e l e c t i o n  c r i t e r i a .  Subsequent ly,  M e i i j i  Resource Consul tants  was awarded 

a BFEC subcon t rac t  ( c o n t r a c t  BFEC-GJO-RFP-0214) t o  eva l  ua te  t h e  Precambrian 

. qua r t z -pebb le  conglomerate uranium p o t e n t i a l  o f  t h e  metasedimentar-y rocks  

o v e r l y i  ng and u n d e r l y i n g  the  profound r e g i o n a l  unconformi t y  t h a t  i s  

p resen t  i n  t h e  R a f t  R i v e r ,  Grouse Creek, and A l b i o n  Ranges. A secondary 

ob, ject i  ve was t o  assess t h e  r e g i o n a l  unconformi ty f o r  P r o t e r o z o i c  

uncon fo rmi ty - type  uranium depos i t s  which account f o r  18 pe rcen t  o f  t h e  

non-communist w o r l d  uranium reserves  a v a i l a b l e  a t  $30 p e r  pound o r  l e s s  

(Chenoweth, 1977).  

Th i s  s tudy  i s  o n l y  one o f  severa l  BFEC has i n i t i a t e d  t o  assess 

metasedimentary sequences i n  t h e  Un i t ed  S ta tes  f o r  t h e i r  Precambrian 

quar tz -pebb le  conglomerate uranium p o t e n t i a l  ( f i g .  2 ) .  I n s o f a r  as 

t h e  w r i t e r  i s  aware, t h e  R a f t  R i v e r  area has never been i n v e s t i g a t e d  

f rom t h e  p e r s p e c t i v e  t h a t  i t s  P r o t e r o z o i c  (Precambrian X ? )  and Archean 

(Precambrian W )  metasedimentary rocks  r n i  g h t  h o s t  quar tz-pebbl  e 

conglomerate and/or P r o t e r o z o i c  uncon fo rmi ty - type  uranium depos i t s .  

MEIIJI RESOURCE C~NBULTANTS -6-  



WASHINGTON 

MONTANA 

SOUTHWEST MONTANA 

OREGON BLACK H ILLS  

IDAHO 

w r O M l N G  

NEBRASKA 

ARCH MOUNTAINS 
NEVA DA 

U T A H  
COLORADO 

C A L I F O R N I A  

NEW M E X I C O  
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potential. 



T h i s  r e p o r t  p resen ts  t h e  data,  observa t ions ,  and i n t e r p r e t a t i o n s  

of an a rea l  geochemical sampl ing program undertaken t o  eva lua te  t h e  
- 

uran.i UIII poten t i  a1 o f  conglomerates , q u a r t z i t e s  , and t he  p ro found  

r e g i o n a l  unconformi  t y  w i t h i n  t h e  01 der  Precambrian metasedimentary 

rocks  o f  t h e    aft , R i v e r  and Grouse' Creek Mountains o f  Utah and t h e  

~l b i  on ~ a n $ e  o f  Idaho. S p e c i f i c  s t r a t i g r a p h i c  and s t r u c t u r a l  e n t i  t i e s  

chosen f o r  e v a l u a t i o n  were p re -se lec ted  by BFEC on t h e  bas i s  o f  a 

1 i t e r a t u r e  s tudy  and f i e l d  v i s i t  and i n c l u d e ,  i n  o r d e r  o f  decreas ing 

p r i o r i t y :  ( 1  ) q u a r t z i t e  and conglomerate f a c i e s  o f  t h e  Green Creek 

Complex, ( 2 )  conglomerate f a c i e s  and p a l e o r e g o l i t h  o f  t h e  Elba 

Q u a r t z i t e ,  and ('3) conglomerate f a c i e s  o f  t h e  Yost Oua r t z i  t e .  

Considerat i .ons o f  access, r e l i e f ,  c l  imate,  a v a i l a b l e  t ime,  season, 

s t r a t i  graphi  c and s t r u c t u r a l  complexi  t i e s  , and genera l  l y  poor, exposure 

o f  'rocks i n  t h e  area r e s u l t e d  i n  t h e  s e l e c t i o n  o f  f i e l d  reconnaissance, 

r a d i a t i o n  d e t e c t i o n ,  and geochemical sampl ing as t h e  most c o s t - e f f e c t i v e  

method o f  accompl i sh ing  a t i m e l y  e v a l u a t i o n  o f  uranium p o t e n t i a l .  

Acco rd ing l y ,  f i e l d  observa t ions  and sampl ing necessarily emphasized areas 

u n d e r l a i n  by p o t e n t i a l  'host  rocks.  

Loca t i on ,  Access, and Re1 i e f  

The p r o j e c t  area,  o r  t he  R a f t  R i v e r  area as i t  i s  commonly des ignated 

i n  l i t e r a t u r e ,  i n c l u d e s  approx imate ly  700 square m i l e s  i n  nor thwes te rn  

Utah and ad jacen t  sou th -cen t ra l  Idaho ( f i g .  3 ) .  I t  comprises t he  n o r t h -  

western p a r t  o f  Box E l d e r  County, Utah and t h e  ad jacen t  c e n t r a l  p a r t  o f  

Cassia County, Idaho.  B e t t e r  exposures o f  t he  Precambrian t a r g e t  u n i t s  

m 
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Sketch niap o f  t h e  major  geo log i ca l  elements o f  t h e  n o r t h e a s t e r n  Great  Bas in .  

P.les6zoi c  metamorphic t e r r a n e  i s  shown by d o t  p a t t e r n .  

1  = P ioneer  bit. , 6 = Egan and Cherry Creek F l t .  
2 = Raft  R i v e r  complex, 7 = Sche l l  Creek M t .  
3 = Dugway P rov i ng  Ground 8 = Snake and Deep Creek M t .  
4 = P i l o t  Range 9 = Grant  Range' 
5 - Ruby M t .  area 

FIGURE 3. LOCATION A N D  GEOLOGIC S E T T I N G  
OF R A F T  R I V E R  S T U D Y  A R E A  

(From Miller, 1978) 
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occur  w i t h i n  t h e  domal u p l i f t s  of  t h e  R a f t  R i v e r ,  Grouse Creek, and 

A l b i o n  Ranges. Precambrian rocks  u n d e r l i e  approx imate ly  50 percen t  o f  

t h e  study area ( p l a t e  1 ) .  

Access i s  modera te ly  good. No p o i n t  w i t h i n  t h e  'are'a i s  more than  a 

few m i l e s  h o r i ' z o n t a l l y  and a few thousand f e e t  v e r t i c a l l y  f rom roads o r  

t r a i  1s passable w i t h  a f ou r -whee l -d r i ve  v e h i c l e .  Withdrawals o f  some 

Sawtooth N a t i o n a l  Fo res t  lands i n  t h e  A l b i o n  Range, and p r i v a t e  l a n d  

ownership w i t h  r e s t r i c t e d  access i n  t h e  R a f t  RS iver ,and  Grouse Creek 

Mountains,  hampered f i e l d - o b s e r v a t i o n s  and geochemical sampl ing. The 

most n o t i c e a b l e  . e f f e c t  o f  t he  r e s t r i c t e d  access i s  seen i n  t h e  sample 

coverage i n  t h e  sou theas t  p a r t  o f  t h e  Raf t  R i v e r  Mountains , ( p l a t e s  2-4) .  

The l a c k  o f  samples from t h i s  area o f  spec tacu la r  exposures o f  Precambrian 

s t r a t i g r a p h y  and i s o c l i n a l  f o l d s ,  however, d i d  n o t  d e t r a c t  f rom t h e  

e v a l u a t i o n  o f  uranium p o t e n t i a l  because t h e  l o c a l  geology i s  t h e  same 

as t h a t  o f  t h e  ad jacen t  areas w i t h  adequate sample coverage. Other  

e f f e c t s  o f  r e s t r i c t e d  access i n c l  ude lower  p r o d u c t i  i~i ty s f  sampl i ng 

crews (and a t t e n d a n t  h i g h e r  c o s t s )  and a s l i g h t l y  l e s s  dense s'ample 

coverage than  BFEC o r i g i n a l l y  es t imated .  

R e l i e f  i s  h i g h l y  v a r i a b l e  i n  t h e  p r o j e c t  area, l o c a l l y  exceeding 1524 

meters (5,000 f e e t )  i n  t h e  A l b i o n  and R a f t  R i v e r  Mountains. Most o f  t h e  

v a l l e y s  have e l e v a t i o n s  between I 5 2 4  and 1676 meters (5,000 and 5,500 f e e t ) ,  

whereas some mountain sumrni t s  exceed 3048 meters (10,000 ' f e e t ) .  The 

1 i n e  o f  demarcat ion between mountains and va l  l e y s  corresponds c l o s e l y  

t o  t h e  1829 meter (1600 f oo t )  con tour .  

The e f f e c t s  o f  g l a c i a t i o n  d u r i n g  t h e  P le i s tocene  a re  conspicuous a t  

t h e  h i g h e r  e l e v a t i o n s  where U-shaped v a l l e y s ,  c i r ques ,  t a r n s ,  and 

moraines occur .  The mountain ranges a r e  deeply d issec ted .  Slopes a r e  m 



t y p i c a l l y  steep and covered w i t h  t a l u s  and f l o r a  which mask bedrock 

exposures. Outcrops are  found a t  t he  heads o f  c i rques  o r  canyons, 

b u t  these p rec ip i ces  prec lude observa t ion  o r  sampl ing except by mountain 

c l  imbers. 

Typ ica l  Basin and Range physiography i s  w e l l  deve.loped i n  t h e  s tudy 

area. The v a l l e y  f l o r a  i s  dominated by sagebrush and grasses w i t h  

j u n i p e r  around the  per iphery,  whereas the  mountain f l o r a  c o n s i s t s  o f  

aspen, p ine,  and mountain mahogany. 

Previous Work 

A v a r i e t y  o f  geologic  s tud ies  have been conducted i n  t h e  R a f t  R i v e r  

area i n  t h e  pas t  100 years s ince  geo log i s t s  o f  t he  King survey f i r s t  

n ~ t e d . ~ r a n i t i c  and metamorphic rocks i n  the  area (Hague and Emmons, 1877). 

Ea r l y  r e p o r t s  deal main ly  w i t h  desc r i p t i ons  o f  smal l -sca le  m in ing  

a c t i v i t i e s  (MacFarren, 1909; H igg ins ,  1909), m inera l  resources ( B u t l e r ,  

1920), ground water  resources ( P i  per ,  1923), and general  geology (Anderson, 

1931 , 1934). 

Anderson's (1931, 1934) p ionee r ing  e f f o r t  i s  s i g n i f i c a n t  because 

he was t h e  f i r s t  t o  map and descr ibe,  i n  some d e t a i l ,  t h e  geology o f  t h e  

A lb ion  Range. He proposed t h e  name Har r ison  Ser ies f o r  t he  metasedimentary 

sequence ( 1  a t e r  renamed A1 b ion  Range Group, Anderson, 1934), suggested 

g r a n i t i z a t i o n  as the  process whereby the  Cassia b a t h o l i t h  o f  Mesozoic 

age was formed, and i n t e r p r e t e d  t h e  Cassia b a t h o l i t h  and Har r i son  Ser ies  

t o  be t h r u s t  over  unmetamorphosed rocks (Anderson, 1931). As expected, 

these e a r l y  i n v e s t i g a t i o n s  were necessa r i l y  reconnaissance i n  na ture .  

Dur ing the  nex t  20 years l i t t l e  i n t e r e s t  was shown i n  t h e  R a f t  

R i ve r  area. Then i n  t he  e a r l y  1950's and mid-19601s, perhaps i n  response 
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t o  r e n e w e d - i n t e r e s t  i n  t h e  pet ro leum and m ine ra l  p o t e n t i a l  o f  t h e  Great  

Bas in ,  academicians, t h e i r  s tuden ts ,  and U.S .G .S .  researchers commenced 
. . 

fundamental f i e l d  s t u d i e s  i n  t he  area. T h e i r  e f f o r t s  were an a t tempt  

t o  unrave l  a  nuniber o f  s t r u c t u r a l  , s t r a t i g r a p h i c ,  and geochronolog ic  

problems r e s u l t i n g  f rom mu1 t i p l e  deformat ions i n v o l v i n g  bo th  r e g i o n a l  

and c o n t a c t  metamorphism, t h r u s t i n g ,  and p lu ton i sm o f  rocks  i n  t h e  area. 

Stokes (1952) was appa ren t l y  t he  f i r s t  of  these t o  make d e t a i l e d  observa t ions  

i n  t h e  s tudy  area. He descr ibed  a Precambrian g r a n i t i c  basement complex 

unconformably over1 a i  n  by metamorphosed Cambrian ( ? )  q u a r t z i t e ,  

conglomerate,  and sandstone, which i n  t u r n  was o v e r l a i n  unconformably 

by unmetalnorphosed Pennsylvanian rocks .  

Subsequent mapping by Fel  i x .(1956) r e s u l  t e 2  i n  $ i s  r e c o g n i t i o n  o f  

Stokes ' Cambrian. ( ? )  - Pennyslvanian c o n t a c t  as a t h r u s t . f a u 1  t: The major  

c o n t r i b u t i o n s  of  ~ e l i x  (1956) were h i s  geo log i c  map, which was reasonably  

accu ra te  f o r  t he  d i s t r i b u t i o n  o f  ma jo r  r ock  types;  h i s  r e c o g n i t i o n  o f  a  

. l owe r  t o  m idd le  Pa leozo i c  carbonate and q u a r t z i t e  sequence i n  . f a u l t  con tac t  

w i t h  h i g h e r  grade metamorphic rocks  a l s o  o f  Pa leozo ic  age; and h i s  r e c o g n i t i o n  

o f  t h e  metamorphism o f  t h e  l o w e r  p a r t  o f  h i s  Paleoz.oic s e c t i o n .  F e l i x  

e r red ,  however, by f a i  l l  ng t o  recogn ize  t h e .  Precambrian - Cambri an ( ? )  

uncon fo rmi ty  o f  Stokes and by ass ign ing  a Mesozoic age t o  t h e  Precambrian 

g r a n i t i c  basement rocks ,  des ignated by F e l i x  (1956) as t h e  R a f t  R i v e r  

s tock .  

Dur ing  t h e  l a t e  1950 's ,geo log is ts  focused renewed a t t e n t i o n  on t h e  

Precambrian rocks  o f  nor thwes t  Utah and sou th -cen t ra l  Idaho. Regional  

s t r a t i g r a p h i c ,  s t r u c t u r a l  , and metamorphic s t u d i e s  were. conducted i n  

t h e  Great Bas in ,  t h e  more impo r tan t  be ing  those o f  Hazzard and Turner  

(1957) ,  Misch (1960) ,  and Misch and Hazzard (1962).  Tn c o n j u n c t i o n  w i t h  a 
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t h e i r  r e g i o n a l  s t ud ies ,  Hazzard and Turner  (1957) recogn ized  a ma jo r  

decol lement  t h r u s t  sepa ra t i ng  unnietamorphosed Pa leozo ic  rocks  from 

u n d e r l y i n g  metasedimentary and Precambrian c r y s t a l l i n e  rocks  i n  t h e  

R a f t  R i ve r ,  Grouse Creek and A l b i o n  Ranges and i n t e r p r e t e d  t h i s  t h r u s t  

t o  have r e g i o n a l  e x t e n t  and a mid-Mesozoi c age. Th is  e a r l y  work a1 so 

prompted i n t e r p r e t a t i o n  o f  t h e  r e g i o n a l  metamorphism t o  be o f  

Precambrian age (Misch and o the rs ,  1957).  

Subsequent observa t ions  by Misch and Hazzard (1962) l e d  them t o  

des igna te  t h e  R a f t  R i v e r  s tock  o f  F e l i x  (1956) and t h e  Cassia bath01 i t h  

o f  Anderson (1931 ) as Precambrian i n  age. They a l s o  i n t e r p r e t e d  t h e  

c o n t a c t  between u n i t s  A and B o f  F e l i x  (1956),  which correspond t o  t h e  

Precambri an-Cambrian ( ? )  unconformi t y  o f  Stokes (1952),  t o  be a 

metamorphi c a l  l y  deformed unconformi ty. Misch and Hazzard (1962) 

emphasized t h e  d i v i s i o n  o f  metamorphic r ocks  i n  eas te rn  Nevada, wes te rn  

Utah, and sou th -cen t ra l  Idaho i n t o  an o l d e r  c r y s t a l l i n e  basement complex 

o v e r l a i n  unconformably by metasedimentary rocks  ~f l a t e  Precambriar: o r  

e a r l y  Pa leozo ic  age. A d d i t i o n a l  c o n t r i b u t i o n s  o f  Misch (1960) and Misch 

and Hazzard (1962) i n c l u d e  r e c o g n i t i o n  o f  o n l y  one ep isode o f  r e g i o n a l  

metamorphism o f  t he  conformable l a t e  Precambr ian-Paleozoic-ear ly  

T r i a s s i c  succession, sys temat ic  i nc rease  o f  metamorphic grade w i t h  i n c r e a s i n g  

s t r a t i g r a p h i c  depth,  synk inemat ic  (synorogen ic )  n a t u r e  o f  t h e  r e g i o n a l  

metamorphism, and t e r m i n a t i o n  o f  t h e  r e g i o n a l  metamorphism p r i o r  t o  a t  

l e a s t  t h e  l a t e r  s tages o f  t h r u s t i n g ,  and p o s s i b l y  t o  a l l  o f  t h e  t h r u s t i n g .  

St r ingham (1962) and St r ingham and o the rs  (1961 ) .concurred w i t h  t h e  

two - fo l  d d i  v i  s i  on o f  Precambri an rocks  by M i  sch and Hazzard ( 1  962), r e t a i n e d  

Anderson's (1939 ) name o f  H a r r i s o n  Se r i es  f o r  t h e  o l d e r  c r y s t a l l i n e  

complex, and des igna ted  t h e  o v e r l y i n g  unconformable q u a r t z i t e s  , s c h i s t s  , 
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and carbonates o f  t h e  R a f t  Ri.der 2ange as t h e  Dove Creek Format ion. 

I n t h e  mapping o f  nietalnorphic rocks  i n  t h e  Grouse Creek Mountains 

and v i c i n i t y ,  however, S t r i n g h a r ~ ~  and o the rs  (1961) e r r e d  i n  t h a t  

. . 111uch o f  w h a t - i s  shown as Ha r r i son  Ser ies  i s  actua1l .y Dove Crcek F o r ~ n ~ t i o n ,  

i n t r u d e d  by e i . t h e r  T e r t i a r y  a d a m e l l i t e  o r  r emob i l i zed  Archean a d a m e l l i t e  

gne iss  ,. as recogn.ized by Todd (1973).. Str ingham (1961 ) i n t e r p r e t e d  bo th  

t h e  H a r r i s o n  Se r i es  and Dove Creek Format ion t o  be Midd le  Precambrian 

i n  age. 

Geochronologic s t u d i e s  have c o n t r i b u t e d  s i g n i f i c a n t l y  t o  u n r a v e l i n g  

geo log i c  complexi  t i e s  i n  t h e  R a f t  R i v e r  area. Resu l ts  have s u b s t a n t i a t e d  

t h e  i n t e r p r e t a t i o n s  o f  some e a r l y  workers w h i l e  i n v a l i d a t i n g  those o f  

o t h e r s .  No tab le  a re  t h e  s t u d i e s  by Sayyah (1965),  Armstrong and H i l l s  

(1967) ,  J .A. Whelan (quo ted  i n  Condie, 1966),  and Robert  Zartman (quoted 

i n  Todd, 1973, and i n  Compton, 1972, 1975),a11 o f  whom ob ta ined  

,Rb-Sr whole-rock i soch ron  ages a t t e s t i n g  t o  t h e  g r e a t  a n t i q u i t y  o f  t h e  

c r y s t a l  l i n e  basement complex and p r o v i n g  i t  t o  be Archean o r  Precambrian 

W g r e a t e r  than  2 .5  b . y .  i n  age. These age dates thus s u b s t a n t i a t e d  

t h e  genera l  Precambrian age i n t e r p r e t a t i o n s  o f  Misch (1960),  St r ingham (1961 ) , 

and Misch and Hazzard (1962) and demonstrated t h a t  t h e  c r y s t a l l i n e  basement 

coniplex forn i ing t.he cores o f  t h e  R a f t  R i ve r ,  Grouse Creek, and A1 b i o n  

Ranges were c o r r e l a t i v e , n o t w i t h s t a n d i n g  some minor  d i f f e r e n c e s  i n  l i t h o l o g i e s  

and i n t e n s i t y  o f  deformat ion.  

Armstrong a'nd Hansen (1966) a t tempted t o  r e f i n e  t h e  age o f  r e g i o n a l  

metamorphism by K - A r d a t i n g  o f  metamorphic m ine ra l s  and rocks i n  eas te rn  

Nevada, western and nor thwes te rn  Utah and sou th -cen t ra l  Idaho. T h e i r  

r e s u l t s ,  completely unexpected, i n d i c a t e d  t h a t  a l l  t h e  metamorphic rocks  

coo led  synchronously ,  presumably as a r e s u l t  o f  T e r t i a r y  up1 i ft. They ., 
a l s o  po in ted  ou t  t h a t  a  d iscrepancy o f  n e a r l y  100 m i l l i o n  years  e x i s t s  
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between t h e  t ime o f  metamorphism i n f e r r e d  f rom geo log i c  evidence and t h e  

measured T e r t i a r y  dates (Armstrong and Hansen, 1966).  Rb-Sr whole-rock 

i soch ron  ages o f  2.5 b.y. and 30 m.y. ob ta i ned  by Armstrong and H i l l s  

(1967) f o r  t h e  Green Creek Complex and t h e  Almo p lu ton ,  r e s p e c t i v e l y ,  

proved c o n c l u s i v e l y  t h a t  t h e  basement complex was o f  Archean (Precambrian W )  

age, t h a t  b o t h  Archean and T e r t i a r y  age i n t r u s i v e s  were p resen t ,  and 

t h a t  t h e  Cassia B a t h o l i t h  and t h e  A l b i o n  Range Group o f  Anderson (1931, 

1934) were bo th  composite u n i t s .  On t h e  bas i s  o f  r e g i o n a l  s t r a t i g r a p h y  and 

geochronol og i  c data,  Armstrong and H i  11 s ( 1  967) conc l  uded t h a t  

t h e  t ime  span o f  r e g i o n a l  metamorphism and de fo rmat ion  i n  t h e  A1 b i o n  

Range was p o s t - T r i a s s i c  t o  p re -La te  Cretaceous, a l though metamorphic 

temperatures,  d i f f u s i o n ,  r e c r y s t a l l i z a t i o n ,  and i s o t o p i c  exchange p robab ly  

con t inued  from l a t e  Cretaceous th rough Ol igocene t ime .  

Only i n  t h e  l a s t  20 years  have t h e  r e s u l t s  o f  d e t a i l e d  f i e l d  

s t u d i e s  o f  s t r u c t u r e ,  s t r a t i g r a p h y ,  and metamorphism become a v a i l a b l e ,  

t he  ma jo r  c o n t r i b u t i o n s  be ing  those  o f  Armstrong (1968a, 1970), Compton' 

( 1  972, 1975), Todd ( 1  973), Compton and Todd ( 1  977) ,  .Compton and o t h e r s  

(1977) ,  and ~ i l l ' e r  (1977, 1978). Armstrong (1968a).  b u i l d i n g  on t h e  

p i onee r i ng  work of  Anderson (1  931 , 1934), d e t a i l e d  t h e  r e s u l t s  o f  approx imate ly  

e i g h t  years  o f  work i n  t h e  A l b i o n  Range. He desc r i bed  s t r a t i g r a p h i c  

sec t i ons  and t he  genera l  geology, proposed formal  s t r a t i g r a p h i c  nomenclature 

and c o r r e l a t i o n s ,  recognized t h e  mant led gneiss domes o f  t h e  A l b i o n  Range, 

and advanced a Pa leozo ic  age f o r  St r ingham's (1961) Dove Creek Group 

(Armstrong, 1968a). He a1 so observed t h a t  metamorphic grade genera l  l y  

inc reased  s t r a t i g r a p h i c a l l y  downward and westward i n  t h e  area,  and recogn ized  

t h a t  de fo rmat ion  r e s u l t i n g  f rom mid-Mesozoic r e g i o n a l  metamorphism had 

produced two p e n e t r a t i v e  f a b r i c s  (Armstrong, 1968a). A f t e r  a f i e l d  t r i p  

t o  t h e  area w i t h  o t h e r  g e o l o g i s t s  , ,Armstrong (1970) acknowledged t h a t  h i s  
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s t r u c t u r a l  and s t r a t i g r a p h i c  i n t e r p r e t a t i o n s  i n  the  A lb ion  Range were 
) 

o v e r s i m p l i f i e d  .and t h a t  new f i e l d  observat ions i n v a l i d a t e d  c e r t a i n  

s t r u c t u r a l  i n t e r p r e t a t i o n s  , s t r a t i g r a p h i c  c o r r e l a t i o n s  , and age 

ass-iqnments i n  t h e  A l b i o n  Range. 

Coinpton (1972, 1975) mapped t h e  Park Va l l ey  and Yost quadrangles 

f o r  t h e  U.S.G.S., c l a r i f i e d  s t r u c t u r a l  and s t r a t i g r a p h i c  r e l a t i o n s ,  and 

prov ided t h e  f i r s t  d e t a i l e d  geo log ic  III~F)S u f  these two areas. These 

two maps cover  most o f  t h e  R a f t  R i ve r  and c e n t r a l  Grouse Creek Mountains. 

Todd (1973) ,  a  graduate s tudent  o f  Compton, conducted a  d e t a i l e d  s t r u c t u r a l '  

and pe t rograph ic  s tudy  o f  t he  adame l l i t e  gneiss a t  t h e  core o f  t h e  c e n t r a l  

Grouse Creek Mountains. She determined t h e  gneiss t o  be an igneous 

i n t r u s i o n  and p a r t  - o f  t h e  a rea l  l y  ex tens ive  Archean basement complex 

wh'ich had been i n t r u d e d  by a  T e r t i a r y  p l u t o n  25 n1.y. W i t h i n  the  upper 

150 f e e t ,  t h e  gnei ss was reniobi 1  i zed by metasomati sm re1  ated t o  t h e  

Te r t i a r y  p l u t o n  and by t e c t o n i c  f o rces ,  and both autochthonous and 

a l lochthonous rocks were sub jec ted  t o  two phases o f  d u c t i l e  

deforrnat i  on. 

Compton and o the rs  (1977) c o n t r i b u t e d  s i g n i f i c a n t l y  t o  an understanding 

o f  t h e  geology o f  t he  R a f t  R iver  area. They documented mu1 t i p l e  metamorphic 

deformations and d i r e c t i o n s  o f  t h r u s t i n g ,  j u x t a p o s i t i o n  o f  c o n s t r a s t i n g  

metamorphic grades i n  a l lochthonous and autochthonous rocks, and noted 

systemat ic  increases i n  metamorphic grade downward and westward i n  t he  

autochthon. F i e l d  observat ions and rad iome t r j c  da ta  a l s o  i n d i c a t e d  

some metamorphism and low-angle f a u l t i n g  were s t i l l  underway as r e c e n t l y  

as 25 m.,y. ago, and c o o l i n g  o f  some p a r t s  o f  t he  area below 4 0 0 ' ~  occurred 

as r e c e n t l y  as 10 m.y. ago (Compton and o thers ,  1977). 
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M i l l e r  (1977, 1978) s tud ied  t h e  deformat ion o f  B i g  Ber tha dome, 

t h e  northernmost dome i n  a cha in  o f  f i v e  i n  t h e  A lb ion  Range. He descr ibed 

four  phases o f  d u c t i  1  e deformat ion and i n t e r p r e t e d  t h e  major  deformat ion 

and metamorphism t o  have occured sometime between La te  T r i a s s i c  

and Midd le  Cretaceous t ime, w i t h  l e s s  in tense deformat ion c o n t i n u i n g  

i n  the  more deeply b u r i e d  rocks u n t i l  Oligocene o r  Miocene t ime. 

A number of .  o t h e r  p u b l i c a t i o n s  t h a t  p resent  i n f o r m a t i o n  o r  ideas 

p e r t i n e n t  t o  the. R a f t  R i ve r  area a re  mentioned o n l y  b r i e f l y  here. These 

i n c l u d e  t h e  geochronologic summaries by Armstrong (1975, 1976), t h e  

reg iona l  s t r a t i g r a p h i c  and s t r u c t u r a l  syntheses o f  Precambrian rocks by 

Eard ley and Hatch (1940) and Condie (1966, 1969), t he  d i scuss ion  o f  

metamorphic core complexes by Davis and Coney (1979), t h e  comp i l a t i on  on 

Precambrian rocks o f  North America by King (1976), t he  d i scuss ion  o f  

l i t h o l o g i e s ,  age dates, and con tac t  r e l a t i o n s  o f  t h e  Facer Creek Formation 

by Cr i t t enden  and o thers  (1971) and Sorensen and Cr i t t enden  (1976),  t he  

d iscuss ion  o f  water  resources o f  t h e  R a f t  R i ve r  Basin by Nace and o thers  

(1961 ) ,  and the  d iscuss ion  and r e p l y  o f  Compton and o t h e r s '  (1977) work 

by C r i  t tenden (1979) and Compton and Todd (1979), r e s p e c t i v e l y .  Notw i ths tand ing  

t h e  s i g n i f i c a n t  c o n t r i b u t i o n s  o f  a l l  o f t h e  p r e v i o u s l y  mentioned i n v e s t i g a t o r s ,  

some s t r u c t u r a l , ,  s t r a t i g r a p h i c ,  and geochronologic problems remain t o  be 

resolved,  bo th  l o c a l l y  and r e g i o n a l l y ,  re1  a t i v e  t o  Precambrian rocks .  

I nso fa r  as t h e  pr imary o b j e c t i v e s  o f  t h e  present  s tudy  are  concerned, 

t he  pub1 i c a t i o n s  o f  Jones (1978a, 1978b), Ka r l s t rom and Houston (1979), 

and Houston and Kar ls t rom (1980) serve as t h e  bas is  f o r  e v a l u a t i n g  the  

uranium p o t e n t i a l  o f  t he  metasedimentary rocks i n  t h e  R a f t  R i ve r  area. 

Whereas many o t h e r  p u b l i c a t i o n s  deal w i t h  var ious  aspects o f  uranium- 

bea r ing  quar tz-pebble conglomerates o f  e a r l y  P ro te rozo i c  age, t h e  r e p o r t  
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by Houston and K a r l s t r o m  (1980) i s  t h e  most r ecen t  and thorough i n  

i t s  t r ea tmen t  o f  t h e  s u b j e c t .  I t  has been r e l i e d  upon h e a v i l y  i n  t h e  

p resen t  s tudy .  Except f o r t h e o n e - d a y  f i e l d  v i s i t  by BFEC and U.S.G.S. 

g e o l o g i s t s  and t h e  r e c e n t  s tudy  by G a l l a n t  ( i n  p ress )  i n  t h e  P o c a t e l l o  

quadrangle,  o f  which t h e  A l b i o n  Range i s  a  p a r t ,  t h e  R a f t  R i v e r  area 

has never  been s t u d i e d  f rom t h e  pe rspec t i ve  t h a t  i t s  Precambrian rocks  

nii g h t  hos t  ~ r o t e r o z o i  c  quar tz -pebb l  e  conglomerate and/or P r o t e r o z o i c  

unconformi t y - t y p e  uran ium depos i t s .  Eva1 u a t i o n  o f  these. poss i  h i  1  i ti es 

has been t h e  p r ima ry  o b j e c t i v e  o f  t h i s  f i e 1  d  reconnaissance and geochemical 

s tudy .  
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GEOLOGY 

I n t r o d u c t i o n  

The geology of  t t - I  R a f t  R i v e r  area i s  exceed ing ly  complex. . Only  

i n  t h e  l a s t  1 5 ' y e a r s  has an e f f o r t  been made t o  r e s o l v e  numerous 

s t r a t i  g raph i c ,  s t r u c t u r a l  , and nletamorphic problems r e s u l t i n g  f rom mu1 t i p l e  

ep isodes o f  f o l d i n g , .  l ow-ang le  f a u l t i n g  , metamorphism, p l u ton i sm ,  and 

h i ah -ang le  f a u l t i n g .  Whereas a much b e t t e r  unders. tandiny ' o f  .tt~.e geology 
, , 

o f  t h e  R a f t  R i v e r  area now e x i s t s ,  many d e t a i l s  a re  s t i l l  l a c k i n g .  Present  

. knowledge, f o r  t h e  most p a r t ,  l a r g e l y  r e f l e c t s  t h e  p i o n e e r i n g  e f f o r t s  

o f  R.L .  Armstrong, R.R. Con~pton, and t h e i r  s t uden t s .  . A s yn thes i s  o f  t h e i r  

work,  supplemented w i t h  obse rva t i ons  made d u r i n g  t h e  course o f  geochemical 

sampl ing and m e a s u r i n g . s t r a t i g r a p h i c  s e c t i o n s  i n  t h e  area,  forms t h e  bas i s  

o f  t h e  f o l  l ow ing  d i scuss ion .  Unreso lved problems, p o i n t s  o f  c o n f l i c t ,  and 

d i scuss ions  o f  d e f o r n ~ a t  io r i  models o r  o f  r e l a t i o n s  betweeri t h e  Cbrd i  11 eran 

f o l d  and t h r u s t  b e l t  ( S e v i e r  o rogen ic  b e l t  o f  Armstrong, 1968b). and 

Cord i  1  l e r a n  metamoprhi c  be1 t w i  11 n o t  be addressed.   or t h e  reader  i n t e r e s t e d  

i n  these  problems o r  more d e t a i l s ,  t h e  o r i g i n a l  p u b l i c a t i o n s  shou ld  be 

consu l t ed .  The d i s c u s s i o n  t h a t  f o l  lows .is i n t ended  o n l y  t o  fami 1 i a r i  ze 

t h e  reade r  w i t h  t h e  geology o f  t h e  s tudy  area and t o  p r o v i d e  a  framework 

w i t h i n  which t o  r e l a t e  t h e  r e s u l t s  of t h e  geochemical sampl ing and f i e l d  

obse rva t i ons .  

Regional  Geolog ic  S e t t i n g  

The Raf t  R i v e r  area i s  p a r t  o f  an e x t e n s i v e  be1 t o f  metamorphic . rocks 

ex tend ing  frorn Canada t o  Mexico (see f i g .  3 ) .  Th i s  b e l t  .was des igna ted  C 
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t h e  Cordi 1 l e r a n  metamorphic be1 t by Drewes (1978). I t  under1 i e s  t h e  

" h i n t e r l a n d "  o f  the  Sev ie r  orogenic  b e l t  as de f i ned  by Roberts and 

Cr i t t enden  (1973). From the  s tandpo in t  o f  Precambrian geology, t h e  s tudy 

area i s a l s ' o  noteworthy because i t  comprises the  westernmost exposures 

of t he  Wyoming Precambrian Prov ince ( f i g .  4 ) ,  an ex tens ive  area of  igneous , 

metasedimentary, and metavolcanic  rocks d a t i n g  gene ra l l y  more than 2.5 b.y. 

(Arms t rong  and Hi  11 s , 1967; Condi e , 1969; King , 1976; C r i  t tenden , 1976). 

Based on p r e f e r r e d  age i n t e r p r e t a t i o n s ,  d i s t i n c t i v e  1 i tho log ies  , and 

s t r a t i g r a p h i c  and s t r u c t u r a l  assoc ia t ions ,  rocks i n  t h e  s tudy area can be 

conven ien t ly  subdiv ided i n t o  t h ree  major  groupings ( t a b l e  I). They are,  

i n  ascending s t r a t i g r a p h i c  o rde r :  ( 1  ) an Archean c r y s t a l  1 i n e  basement 

complex, ( 2 )  an unconfomably o v e r l y i n g  and much deformed metasedimentary 

and sedimentary succession o f  Precambrian and Paleozoic  rocks,  and ( 3 )  

Cenozoic sedimentary ,vol canic ,  and p l u t o n i c  rocks.  The f o l  low ing  d iscuss ion  

emphasizes the  Archean and Precambrian X ( ? )  rocks which were pre-se lec ted  

f o r  s tudy because of t h e i r  p o t e n t i  a1 t o  hos t  P ro te rozo i c  quartz-pebbl e 

conglomerate and unconformi ty- type uranium deposi ts .  Considerably fewer 

d e t a i l s  a re  presented on the  Precambrian Z ( ? ) ,  Paleozoic,  and Cenozoic 

rocks which obv ious ly  l a c k  much p o t e n t i a l  and, t he re fo re ,  f a l l  o u t s i d e  

t h e  scope o f  t h i s  s tudy.  

Archean C r y s t a l l i n e  Basement Complex 

The geo log ic  h i s t o r y  o f  t he  R a f t  R i ve r  area begins w i t h  t h e  c r y s t a l l i n e  

basement complexes i n  t h e  cores o f  t he  R a f t  R iver ,  Grouse Creek, and 

A1 b i  on Ranges ( p l a t e  1 ) . These compl exes c o n s i s t  o f  f i ne- to  coarse-gra i  ned 

te r r i genous  c l a s t i c s  and s i l  i c i c  t o  ma f i c  vo l can i c  and p l u t o n i c  ' rocks, 
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Figure 4. Wyoming Piecambrian Province 
- 

(Modified after Kar ls t rom,  1979) 



now metamorphosed t o  grc.enschis.t o r  a~ r~ph i  bo l  i t e  grade. Ar~nstronq (19611a) 

has proposed the  formal name, Green Creek Complex, f o r  these rocks a f t e r  

exposures i n  Green Creek on the  n o r t h  s i d e  o f  Cache Peak i n  t he  A lb ion  

Range. Exce l l en t  exposures a l so  occur i n  the  many deeply d issec ted  canyons 

i n  the  eastern h a l f  o f  t he  Ra f t  RiverMountains and i n  t h e  c e n t r a l  Grouse 

Creek Range. As evidenced by r e l i c t  sedimentary s t r u c t u r e s  and con tac t  

r e l a t i o n s  i n  t he  Ra f t  R i ve r  Range, the  o l d e s t  exposed rocks w i t h i n  t h e  

basement complexes are  shales, s i l  ts tones , a r g i l l  aceous and f e l d s p a t h i c  

sandstones, and pebbly t o  cobbly mudstones which have been.metamorphosed t o  

s c h i s t s  (Compton, 1975). The bes t  outcrops o f  these rocks are i n  Rice and 

J im Canyons i n  the  nor theas t  p a r t  o f  t he  R a f t  R i ve r  Range. 

Contact r e l a t i o n s  suggest amphibol i tes are  the  nex t  younger rocks i n  

t he  study area. F i e l d  observat ions i n d i c a t e  t h a t  they are  widespread i n  t h e  

eastern p a r t  o f  t h e  R a f t  R iver  Range (Compton, 1975) and i n  the  area of 

Green Creek i n  the  A!bion Range (Armstrong, 1968a). According t o  Todd (1973), 

amphibol i tes comprise l ess  than f i v e  percent  o f  t he  basement complex i n  t he  

Grouse Creek Mountains. They have been i n t e r p r e t e d  as metamorphosed d ikes ,  

s i l l s ,  f lows,  and t u f f s  o f  maf ic  cornposit ion by Compton (1975) and Armstrong 

(1968a). Some o f  these bodies are  t a b u l a r  and cornformable w i t h  bedding i n  

the  o l d e r  s c h i s t s  and q u a r t z i t e s .  Others e x h i b i t  sch is tose e x t e r i o r s  and 

g ranu la r  i n t e r i o r s ,  suggest ing 1  ava f lows o r  smal l  i n t r u s i v e s  (Compton, 1975). 

Metamorphosed t rondh jemi t e  and pegmati te form rough ly  conformable 

sheets and i r r e g u l a r  bodies i n  t he  o l d e r  s c h i s t s  and amphibol i tes i n  t he  

Ra f t  R iver  Range (Compton, 1975) and occur  as i n f o l d e d  and i n t e r l a y e r e d  

bodies i n  t he  younger adame l l i t e  gneiss i n  the  Grouse Creek Mountains 

(Todd, 1973). The bes t  exposures occur i n  Jim, Rice, I t a l i a n ,  Rosavere 

Fork, and Clear  Creek Canyons i n  the  nor theas t  p a r t  o f  the  R a f t  R i ve r  Mountains. 
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Compton (1975) observed younger adamel 1 i t e  d i kes  i n t r u d i n g  t h e  t rondh jemi  t e  

and pegmat i te  i n ,  upper  Rosavere Fork.  

F i e l d  obse rva t i ons  o f  con tac t  r e l a t i o n s  th roughout  t h e  s tudy  area 

i n d i c a t e  t h e  youngest  and most widespread rock  of t h e  Green Creek Complex 

i s  a v a r i a b l y  metamorphosed adamel 1 i t e  which e i t h e r  i n t r u d e s  o r  engu l f s  

a1 1 o f  t h e  p r e v i o u s l y  descr ibed  1 i t h o l o g i e s  (Armstrong, 1968a; Todd, 1973; 

Compton, 1972, 1975; Compton and o the rs ,  1977). A t  a few l o c a l i t i e s  i n  

t he  Grouse Creek Mountains,  t he  adamel 1 i t e  gneiss has been remobi 1 i z e d  by 

nietasomatic and t e c t o n i c  processes and i n t r u d e s  t h e  unconformably o v e r l y i n g  

metasedimentary rocks  (Todd, 1973). 

Sayyah (1965) ,  Armstrong and H i l l s  (1967),  J.A. Whelan (quoted i n  

Condie, 1966) , Rober t  Zartman (quoted i n  Todd, 1973 and i n  Compton , 

1972, 1975), Compton and o the rs  (1  977),  and Har ry  R. Covi ng ton  ( o r a l  

communication, 5/9/80) ob ta i ned  Rb-Sr whole-rock i soch ron  ages on samples 

o f  gneiss and s c h i s t  c o l l e c t e d  f rom var ious  l o c a l i t i e s  i n  t h e  c r y s t a l l i n e  

basement complexes. The r e s u l t i n g  age dates range f rom 2.2 t o  3.7 b.y.  

Inasmuch as these  rocks  have p robab ly  a l l  behaved t o  some degree as open 

systems (Armstrong and H i l l s ,  1967; Compton and o the rs ,  1977), t h e  younger 

age dates p robab ly  r e f l e c t  chemical a1 t e r a t i o n  o f  t h e  o r i g i n a l  rocks  o r  perhaps 

t h e  e f f e c t s  o f  a younger thermal  event  (Damon and o the rs ,  1966).  I n  

e i t h e r  case, these age da ta  a re  p robab ly  minimum ages and p r o v i d e  conc lus i ve  

p r o o f  o f  an Archean o r  Precambrian W age f o r  t h e  Green Creek Complex and 

c o n f i r m  the  basement complexes c o r i n g  t h e  R a f t  R i ve r ,  Grouse Creek, and 

A1 b i o n  Ranges a re  c o r r e l a t i v e  , n o t w i t h s t a n d i n g  some d i f f e r e n c e s  i n  

p r o p o r t i o n s  o f  t he  va r i ous  1 i t h o l o g i e s  and i n  i n t e n s i t i e s  o f  de fo rmat ion  

and metamorphism. The age da ta  a l s o  s u b s t a n t i a t e  t h e  p r e f e r r e d  i n t e r p r e t a t i o n s  

o f  Anderson (1931 ) , Stokes (1952),  F e l i x  (1956),  Misch (1960), St r ingham (1961 ) , 
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and .Misch and Hazzard (1962),  a1 1 o f  whom i n t e r p r e t e d  some o r  a1 1 o f  t h e  

rocks i n  t h e  c r y s  t a  11 i ne basement co111p1 exes as Precall ibri  an i n  age. 

On a r e g i o n a l  bas i s  t he  c r y s t a l l i n e  basement complex o f  t h e  R a f t  

R i v e r  area would c o r r e l a t e  w i t h  t h e  Farmington Canyon Complex i n  t h e  Wasatch 

Range (Max C r i  t tenden,  o r a l  communication, 10/5/79),  and p o s s i b l y  w i t h  

t h e  Nor th  Ruby-East Humboldt Complex i n  eas te rn  Nevada. K ing  (1878) and 

Hague and Emmons (1877) assigned t h e  l a t t e r  t o  t h e  Archean, and t h i s  was 

a l s o  t h e  p r e f e r r e d  i n t e r p r e t a t i o n  o f  Misch (1960) and Misch and Hazzard 

(1962) whose r e g i o n a l  s t ud ies  l e d  them t o  ass ign  a t e n t a t i v e  e a r l y  Precambrian 

age t o  t h e  complexes. 

F i e l d  observa t ions  by Armstrong (1968a),  Todd (1973) ,  Compton and o the rs  

(1977),  and t h e  w r i t e r  c o n f i r m  t h a t  t h e  g r e a t e s t  de fo rmat ion  o f  t h e  Green 

Creek Complex i s  r e s t r i c t e d  t o  t h e  upper few hundred meters ,  w i t h  i n t e n s i t y  

i n c r e a s i n g  upward toward t he  uncon fo rmi ty  and o v e r l y i n g  metasedimentary 

succession. Metamoprhic grade v a r i e s  s y s t e m a t i c a l l y  i n  t h e  c r y s t a l l i n e  

basement complex, r ang ing  f rom dominan t l y  g reensh i s t  i n  t he  eas t  t o  

amph ibo l i t e  i n  t he  west (Armstrong, 1968a; Todd, 1973; and Compton and 

o the rs ,  1977; M i  1  l e r ,  1978). Whi le  t h e  ma jo r  metamorphic de fo rmat ion  occu r red  

sorr~et'i l l~e J u r i  r ~ g  l a t e  T r i a s s i c  t o  01 igocene t ime,  an episode of p e n e t r a t i v e  

deformat ion and r e g i o n a l  metamorphism t o  amph ibo l i t e  f a c i e s  i s  a l s o  recorded  

i r ~  t h e  Green Creek Complex and must have accompained and/or f o l l o w e d  

empl acement o f  t he  adamel 1  i t e  (Arms t r o n g  , 1968a). Evidence o f  t h i s  

metamorphic event  i s  recorded by t h e  r e l i c t  east -west  f o l i a t i o n  i n  t h e  Green 

Creek Complex and by t h e  change i n  cha rac te r  o f  t h e  de fo rmat ion  i n  r ocks  

below the, Conner Creek Formation, as recogn ized  i n  t h e  A l b i o n  Range by 

Armstrong (1968a). Recogn i t ion  o f  t h i s  event  elsewhere i n  t h e  

s tudy  area i s  appa ren t l y  obscured by younger superimposed f a b r i c s  formed 

MEIIJI RESOURCD CONSULTANT'S -25-  



d u r i n g  r e g i o n a l  metamoprhi sni. 

Profound Regional  Unconformi t y  

Sometime f o l l o w i n g  emplacement of  t h e  a d a m e l l i t e  and r e g i o n a l  

nietamorphi sni o f  t h e  Archean rocks ,  s i g n i f i c a n t  up1 i f t  and subsequent 

e r o s i o n  took  p l ace ,  r e s u l t i n g  i n  t h e  f o rma t i on  o f  a  p ro found  r e g i o n a l  

unconformi t y  upon which t h e  o v e r l y i n g  metasedimentary succession was 

d c p o s i t c d  ( t a b l e  I ) .  The con tac t  between t h e  Archean rocks and t h e  

o v e r l y i n g  metasedimentary success ion i s  an unconformi ty ,as i s  i n d i c a t e d  

by t h e  f o l l o w i n g ' : ( l )  d i s c o r d a n t  con tac t  r e l a t i o n s  where in  E lba Q u a r t z i t e  

t r u n c a t e s  and r e s t s  upon va r i ous  l i t h o l o g i e s  o f  t h e  u n d e r l y i n g  Green 

Creek Complex; ( 2 )  r a r e  c l a s t s  o f  a d a m e l l i t e  compr is ing  pebbles . o r  

cobbles i n  t h e  common, b u t  n o t  u b i q u i t o u s ,  basal  E lba conglomerate (Ron 

Bruhn, o r a l  communication, 11/30/79) ; ( 3 )  v a r i a t i o n s  i n  r e1  i e f  a long  t h e  

c o n t a c t  as i t  i s  t r a c e d  l a t e r a l l y  i n  t he  area o f  Green creek i n  t h e  A l b i o n  

Range and i n  C lea r  Creek Canyon i n  the  R a f t  R i v e r  Range; ( 4 )  r e g i o n a l  

p e r s i s t e n c e  o f  d i s t i n c t i v e  Elba Q u a r t z i t e  above t h e  basement complex; 
- 

( 5 )  . the l o c a l  occurrence o f  w h i t e  m i c a - r i c h  s c h i s t  between t h e  Elba 

q u a r t z i t e  o r  cobb le  conglomerate and u n d e r l y i n g  adamel 1  i t e ,  which i s  

i n t e r p r e t e d  t o  be a  pa leorego l  i t h ;  ( 6 )  t h e  l a c k  o f  ex tens i ve  b r e c c i a t i o n  

and c a t a c l a s i s  c o i n c i d e n t  w i t h  t he  contact;and ( 7 )  by consensus o f  a l l  

who have conducted d e t a i l e d  s t u d i e s  i n  t h e  R a f t  R i v e r  area (Stokes, 1952; 

Misch, 1960; Misch and Hazzard, 1962; Str ingham, 1961 ; Condie, 1966; 

Arnistrong and H i  11 s  , 1967; Armstrong, 1968a; Compton, 1972, Todd, 1973; 

Compton and o the rs ,  1977).  

M ELIJI RESOURCE CONSULTANTS 



Tens o f  fee t  o f  r e l i e f  on the  unconformity are ev ident ,  p a r t i c u l a r l y  

i n  the area n o r t h  o f  Cache Peak i n  the  A lb ion  Range and a long the  n o r t h  

s i d e  o f  Clear  Creek Canyon. i n  t he  nor theas tern  p a r t  o f  the  R a f t  R i v e r  Range. 

Loca l l y ,  depressions i n  the  sur face are  f i l l e d  w i t h  a  v a r i a b l e  th ickness 

o f  cobble conglomerate i n  which the  c l a s t s  are h i g h l y  deformed i n t o  p r o l a t e  

e l  1  ipso ids .  The cobbles cons i s t  predominant ly o f  q u a r t z i t e ,  b u t  r a r e  

c l a s t s  o f  adamel l i te  and b lack  c h e r t  have been noted by Ron Bruhn ( o r a l  

communicat.ion, 11/30/79). Deformation occurred du r ing  the  second 

metamo'rphic deformation (D2). 

The basal conglomerate i s  n o t  ub iqu i tous .  A t  some places i n  Clear  

Creek Canyon, a ' w h i t e  mica- r ich  s c h i s t  i s  present  between the  basal q u a r t z i t e  

o r  conglomerate and. the  under ly ing  adamell i te .  Armstrong (1968a) and 

Compton (1  975) both i n t e r p r e t e d  t h i s  s c h i s t  t o  be a  metamorphosed pa l  eo- 

reg01 i th .  

Precambri an ( ? )  and Paleozoic Rocks 

Unconformity o v e r l y i n g  the  Green Creek Complex i s  a  sequence of 

Precambrian X ( ? )  and Z ( ? )  and Paleozoic rocks ranging i n  th ickness from 

1219 meters (4000 f e e t ;  Todd, 1973) t o  more than 12,192 meters (40,000 f e e t ;  

Compton and others ,- 1977). For simp1 i c i  t y  o f  d iscussion,  these rocks are 

here t r e a t e d  c o l l e c t i v e l y  as a  u n i t  because they have been i n t e n s e l y  deformed 

du r ing  l r l u l t i p l e  phases of low-angle f a u l t i n g  and d u c t i l e  deformation, 

r e s u l t i n g  i n  pene t ra t i ve  f a b r i c s  and reg iona l  metamorphism t o  greensch is t  

o r  amphibol i te  grade. Superimposed on these reg iona l  deformations a re  t h e  

e f f e c t s  o f  contac t  metamorphism by T e r t i a r y  i n t r u s i v e s  i n  t h e  Grouse Creek 
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Mountains ('Todd, 1973) a'nd high-angle f a u l t i n g  throughout t h e  area.. 

Notwi thstanding t h e  s e v e r i t y  and number o f  detormatj  o,ns, t h e  s t r a t i g r a p h i c  

u n i t s  genera l l y  rema,in i n  t h e i r  c o r r e c t  s t r a t i  graphic order  throughout 

most o f  t he  Raft R ive r  area (Armstrong, 1968a; Todd, 1973;. Compton, 

1972, 1975). Deviat ions from t h e  normal and complex f i e l d  r e l a t i o n s ,  

however, e x i s t  l o c a l l y ,  p a r t i c u l a r l y  on the  sca le  o f  an outcrop. 

S t r a t i g r a p h i c  sec t ions  represent fng the  work of each o f  t he  major 

i n v e s t i g a t o r s  were compiled and are  presented i n  t a b l e  I. S t r a t i g r a p h i c  

terminology f o r  each area i s  a combination o f  t he  formal and in formal  

names of Armstrong (1968a) and Compton (1972, 1975). Examination o f  

t a b l e  I reveals - s i g n i f i c a n t  di f ferences i n  s t ra t i g raphy ,  age assignments, 
I 

and .amount o f  s t r u c t u r a l  complexi ty  i n  each o f  t h e  f i v e  areas l i s t e d .  

Alsb noteworthy i s  t h e  conspicuous absence o f  t he  t h i c k  Precambrian Z (? )  

u n i t s  o f  M i l l e r  (1978) i n  the  R a f t  River ,  Dove Creek, and Grouse Creek 

Mountains, a l though rocks o f  t h i s  age are  known from nearby areas o f  

t h e  Great Basin (Eardley and Hatch, 1940; Misch and Hazzard, 1962; 

Woodward, 1967; C r i  t tenden and others,  1971 b)  . For more d e t a i  1 s and a 

d iscuss ion of t h i s  s t ra t i g raph ' i c  anomaly, t he  i n t e r e s t e d  reader i s  r e f e r r e d  

t o  C r i  t tenden and o thers  (1971a), M i l l e r  (1978), ~ 6 i  t tenden (1979)~ and 

Compton and Todd (1979). 

On the  bas is  of the  pre fer red age i n t e r p r e t a t i o n s  shown i n  t a b l e  I, 

t h e  Precambrian-Paleozoic s t r a t i g r a p h i c  sect ions can be subdiv ided i n t o  

t h r e e  subgroups, namely (1 )  the  Elba Q u a r t z i t e  through Sch is t  o f  Stevens 

Spring, (2)  t h e  Daley Creek Q u a r t z i t e  through Robinson Creek assemblage, 

and (3)  the  Q u a r t z i t e  of Clarks Basin and younger Paleozoic and T r i a s s i c  
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rocks. The middle and upper, o r  younger, subgroups w i l l  be, discussed only 

. . . . 
, - b r i e f l y  i n  t h e  succeeding paragraphs of t h i s  sec t i on  because they have no 

. ~ .  

p o t e n t i  a 1  t o  hos t  Pro terozo ic  quartz-pebble conglomerate o r  ~ r o t e r o z o i  c 

unconformi t y - t ype  uranium deposits. .  The lower o r  o l d e r  subgroup w i  11 be 

discussed i n  more d e t a i  1 , because i t  i s  the  E l  ba and Yost Q u a r t z i t e s  which 

were pre-sel  ected f o r  eva luat ion  o f  t h e i r  p o t e n t i a l  t o  host  Pro terozo ic  

quartz-pebble conglomerate uranium deposi ts .  These two q u a r t z i t e  u n i t s  

w i l l  be descr ibed i n  considerable d e t a i l  i n  a subsequent sec t i on  o f  t h i s  

r e p o r t .  

Lower Subgroup-Precambrian X ( ? )  Rocks 

The lower and o l d e r  subgroup, c o n s i s t i n g  o f  t he '  E l  ba Q u a r t z i t e ,  S c h i s t  

o f  Upper Narrows, . Yost ~ u a r t z i  t e ,  and 'Schist  o f  Stevens Spr ing , forms an 

apparent ly  conformable sequence o f  g e n e t i c a l l y  r e l a t e d  q u a r t z i t e s  and 

s c h i s t s  which are w ide ly  . d i s t r i b u t e d  . I n  t h e  R a f t  R iver  area ( t a b l e  I). 

As p rev ious l y  mentioned, the  basal u n i t ,  t he  Elba Q u a r t z i t e ,  r e s t s  uncon- 

formably on t h e  under l y ing  Green Creek Complex throughout the  R a f t  R ive r  

area. Thicknesses of t h e  lower subgroup, o r  t he  i n d i v i d u a l  u n i t s ,  vary 

considerably throughout the  area ( t a b l e  I ) .  I n d i v i d u a l  un'i t s  and beds 

common1.y e x h i b i t  a t tenuat ion ,  as evidenced by closely-spaced shear planes 

which t runca te  bedding a t  very low angles, wel l-developed f o l i a t i o n  which 

p a r a l l e l s  bedding and a x i a l  planes o f  f o l d s ,  and l a r g e  c l a s t s  and mineral  

g ra ins  which are h igh l y .  deformed i n t o  p r o l a t e  e l l i p s o i d s .  Contacts 

between q u a r t z i t e  and s c h i s t  u n i t s  are general l y  covered, b u t  where v i s i b l e  , 

they commonly e x h i b i t  g radat iona l  r e l a t i o n s  over a few f e e t  o r  tens of feet.  
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L o c a l l y  , these contac ts  disp'i ay apprec iab le  crumpl i ng and sfiearing', :i ndi .ca t i  ng 

s l  i ppage approx imate ly  para1 1 e l  t o  bedding sur faces i n  q u a r t z i  tes'.a.nd t o  

f o l i a t i o n  ( D l )  . i n  s c h i s t s .  

Notw i ths tand ing  ex tens ive  reg iona l  as we1 1 as l o c a l  deformations, some 

pr imary sedimentary s t r u c t u r e s  a re  s ti 11 c l e a r l y  d i s c e r n i b l e  i n  t he  q u a r t z i t e s  . 
The most ub iqu i t ous  o f  these are  t h e  p a r a l l e l  bedding, cross-bedding which 

ranges i n  sca le  from a few cent imeters (dominant) t o  t h ree  o r  more meters 

l o c a l  l y ,  very  weak c l  a s t  i m b r i c a t i o n  i n  pebble conglomerates, and we1 1 

rounded b u t  h i g h l y  deformed pebbles and cobbles i n  q u a r t z i t e  conglomerates . 
The cross- laminae are  accentuated b.y a l t e r n a t i n g  q u a r t z - r i c h  and dark,  

heavy m i n e r a l - r i c h  1 aminae. Accessory minera ls  i n c l u d e  i lmeni t e ,  r u t i  l e ,  

sphene , magneti t e ,  z i r con ,  tourmal i ne, garnet ,  ep ido te ,  a p a t i t e  , and u rano tho r i  t e  

( ? )  (Compton, 1972, 1975; Todd, 1973; M i l l e r ,  1978; B i l l  Ga l l an t ,  o r a l  

communcation, 11/13/79). P y r i t e  i s  l o c a l l y  abundant b u t  conspicuously 

associated w i t h  i n tense  n e a r - v e r t i c a l  f r a c t u r i n g  o f  t he  Elba and Yost 

Q u a r t z i t e s  i n  t he  R a f t  R i ve r  and Dove Creek Mountains. The f r a c t u r i n g  

i s  q u i t e  l a t e  i n  t h e  deformat ion sequence, as i t  t runcates  metamorphic 

f o l d s ,  f o l i a t i o n ,  and low-angle shear ing.  The p y r i t e  i s ,  t h e r e f o r e ,  d e f i n i t e l y  

ep igene t i c  and probably  r e l a t e d  t o  a hydrothermal system o f  Ol igocene o r  

younger age. 

Pr imary texture 's  i n  the  q u a r t z i t e s  o f  t he  lower  subgroup have, f o r  t h e  

most p a r t ,  been ob l  i t e r a t e d  by deforrnat-ion and r e c r y s t a l l  i z a t i o n .  The 

th inness o f  t he  p a r a l l e l  and cross- laminae,the u n i f o r m i t y  o f  heavy minera l  

g r a i n  s i zes  (Compton , 1975), and t h e  dominant ly quar tzose composit ion suggest 

t h a t  o r i g i n a l l y  t h e  sandstones were f i n e  t o  medium-grained and gene ra l l y  

w e l l  .sor ted.  The q u a r t z i t e s  a re  t y p i c a l l y  wh i te  o r  l i g h t  gray, dense, 
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v i  tAeous, and t h i n l y  t o  medium bedded. Tan, brown, red, green, and b lue-  

green v a r i e t i e s  were a l s o  observed. The green and blue-green types owe 

t h e i r  c o l o r  t o  chromium mica and are, therefore,  f u c h s i t i c  q u a r t z i t e s .  

The green, b l  ue-green, and wh i te  m i  c a - r i  ch q u a r t z i t e s  o f  t h e  E l  ba and 

Yost Formations possess a wel l-developed f laggy bedding. These q u a r t z i t e s  

are  quar r i ed  a t  a number o f  l o c a l i t i e s  throughout t h e  study area and s o l d  

as a decora t i ve  b u i  1 d i n g  stone. Overa l l  , t h e  dominant 1 i tho logy i s  a re1 a t i  ve l y  

pure q u a r t z i  t e .  However, micaceous , f e l  dspathi c  , and arkos i  c  q u a r t z i  t es  , 

and pebbly t o  cobbly q u a r t z i t e  conglomerates comprise s i  g n f i  cant  po r t i ons  

o f  t h e  subfacies o f  t he  Elba and Yost Q u a r t z i t e s .  

s c h i s t s  o f  t h e  1 ower subgroup are poor l y  exposed, genera l ly  comprising 

f loa t -covered slapes between c iuar tz i te  u n i t s .  They the re fo re  rece ived 

less  a t t e n t i o n  than t h e  q u a r t z i t e  and conglomerate u n i t s .  The dominant 

s c h i s t  l i t h o l o g y  i s  a quartz-muscovite s c h i s t ,  bu t  b i o t i t i c  and f e l d s p a t h i c  

v a r i a n t s  a l so  e x i s t .  The quartz-muscovite sch is t s  conta in numkrous, 

apparent ly  t e c t o n i c a l l y  separated, lenses o f  s i l v e r y ,  g r a p h i t i c  p h y l l i t e  

measuring one-hal f  t o  two inches across and one-tenth o f  an i nch  t h i c k  

(Compton, 1972, 1975; Todd, 1973). Wi th in  t h e  s c h i s t  o f  t h e  Upper 

Narrows i n  the  R a f t  R ive r  Range, Compton (1975) recogn'ized and mapped 

separate f i ne -g ra ined  gneiss and ca tac l  a s t i c  schist '  members. Co l l  e c t i  v e l y  

speaking, s c h i s t s  o f  t he  lower subgroup are known f o r  t h e i r  h igh  mica, 

quartz ,  and fe ldspar  contents, quar tz  and quar tz - fe ldspar  metamorphic 

segregations, and sparse b u t  d i s t i n c t i v e  l i t h o l o g i e s  which are n o t  known 

t o  occur i n  Precambrian Y,  Precambrian Z, o r  Paleozoic formations elsewhere 

i n  the  reg ion  (Compton, 1975; Compton and Todd, 1979; C r i  t tenden, 1979; 
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C r i t t e n d e n  and o thers ,  1971a, 1971b; M i l l e r ,  1978). 

D i s t i n c t i v e  b u t  sparse 1  i t h o l o g i e s  o f  t h e  l owe r  subgroup i n c l u d e :  

( 1  ) fuchs i  t i c  q u a r t z i t e s ,  h e n l a t i t i c  s c h i s t s ,  metabasal t i c  green s c h i s t ,  

and m e t a t u f f s  ( ? ) ,  a l l  i n  t h e  Elba Q u a r t z i t e  (Compton, 1975) ; (2)  qua r t z ,  

qua r t z - f e l dspa r ,  p o t a s s i c  g r a n i t e ,  and carbonate-bear ing s y e n i t e  lenses,  

i n t e r p r e t e d  t o  be metamoprhic segrega t ions ,  and metadiabase, amphibole 

s c h i s t s ,  and m e t a t u f f s  ( ? )  o f  s i l i c i c  and m a f i c  composi t ions,  a l l  i n  t h e  

S c h i s t  o f  t h e  Upper Narrows (Compton, 1975; M i l  l e r  1978) ; f u c h s i  t i c  q u a r t z i t e ,  

m a g n e t i t e - r i c h  q u a r t z i t e s ,  and h e m a t i t i c  s c h i s t s  i n  t h e  Q u a r t z i t e  o f  Yost 

(Compton , 1972) ; and/or ( 4 )  qua r t z  segrega t ions ,  meta-rhyol  i t e  porphyry ,  

hornblende s c h i s t s ,  g r a n i t e  porphyry ,  meta tu f fs  ( ? ) ,  and mqtadiabase i n  

t h e  Sch i s t  o f  Stevens Sp r i ng  (Todd, 1973; Compton, 1973, 1975).  

Unequivocal s t r a i g r a p h i c  c o r r e l a t i o n s  and r a d i o m e t r i c  age dates 

a re  e n t i r e l y  l a c k i n g  f o r  metasedimentary rocks  o f  t h e  lower  subgroup. 

Thus, t he  age o f  t he  Elba-Upper Narrows-Yost-Stevens Sp r i ng  sequence i s  

unknown. The p r e f e r r e d  age i n t e r p r e t a t i o n s  o f  t h e  va r i ous  i n v e s t i g a t i o n s  

a re  shown i n  t a b l e  I. M i l l e r ' s  (1978) i n t e r p r e t a t i o n  i s  f avo red  because 

i t  n o t  o n l y  c l a r i f i e s  s t r a t i g r a p h i c  and s t r u c t u r a l  r e l a t i o n s h i p s  i n  t h e  

R a f t  R i v e r  area b u t  a l s o  preserves t h e  i n t e g r i t y  o f  r e g i o n a l  Precambrian 

c o r r e l a t i o n s  th roughout  nearby areas of t h e  Great  Bas in  ( C r i t t e n d e n  and 

o the rs ,  1971b; C r i  t tenden,  1976, 1979).  W i t h i n  t h e  R a f t  R i v e r  area,  t h e  

pub1 i shed 1  i t e r a t u r e  and maps c l e a r l y  r evea l  no problem i n  r e c o g n i z i n g  , 

c o r r e l a t i n g ,  and mappi ng i n d i v i d u a l  u n i t s  o f  t h e  subgroup. However, 1  ack 

o f  s i m i l a r  rocks  i n  t h e  nearby ranges p rec ludes  s h o r t  d i s t a n c e  c o r r e l a t i o n .  

m Neighbor ing  ranges c o n s i s t  of  younger Pa leozo ic  sequences which show 
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1 i t t l e  ev idence o f  t h e  h i  gh-grade metaniorphism and de fo rmat ion  t h a t  a f f e c t  

r ocks  i n  t h e  R a f t  R i v e r  area.  

M i l l e r ' s  (1978) i n t e r p r e t a t i o n  of a  Precambrian X age f o r  t h e  l owe r  

. . subgroup i s  based upon c o r r e l a t i o n  o f  t h e  sequence w i t h  t h e  l i t h o l o g i c a l l y  

s i m i l a r  Facer Creek Format ion i n  t h e  Wasatch Range o f  Utah, which was 

metamorphosed 1 .4  t o  1.7 b.y. ago ( C r i t t e n d e n  and o the rs ,  1971a). Adlni t t e d l y ,  

t h e  g r e a t  d i s t a n c e  ( 1  50-200 m i l e s )  ove r  which t h e  proposed c o r r e l a t i o n  

has t o  be made renders  i t  suspect ,  b u t  i t  i s  s t rengthened by two observa t ions .  

F i r s t ,  rounded, fuchs i  t i c  q u a r t z i  te c l a s t s  occur  i n  conglomerate of  t h e  

Muddy Canyon  orm mat ion near  H u n t s v i l  l e y  Utah, i n  t i 1  1  i t e s  on Ante lope I s l a n d ,  

Utah and i n  t h e  Dutch Peak t i l l i t e  o f  t h e  Sheeprock Mountains, Utah 

( C r i  t t enden  and o t h e r s ,  1971b). A1 1 o f  these l o c a l i t i e s  a re  w i t h i n  140 

m i l e s  o f  t he  s tudy  area., The conglomerate and t i 1  1  i t e s  a re  p a r t  o f  a  

t h i c k ,  r e g i o n a l  l y  ex tens i ve ,  and g e n e r a l l y  conformable sequence o f  we1 1-dated 

and r e l i a b l y - c o r r e l a t e d  Precambrian Z rocks  ( C r i t t e n d e n  and o the rs ,  197.lb; 

C r i  t tenden,  1976).  Secor~dly ,  rnany g e o l o g i s t s  have descr ibed  g r a n i t e ,  

g r a n i t e  gneiss,  migmati  t e ,  s c h i s t ,  q u a r t z i t e ,  and marb le  c l a s t s ,  r ang ing  

i n  s i z e  f rom pebbles t o  bou lders ,  t h a t  occur  i n  t h e  t i l l i t e s  and d i a m i c t i t e s  

o f  Precambrian Z sequences a t  l o c a l i t i e s  i n  sou thern  Idaho, c e n t r a l  Utah, and 

e a s t e r n  Nevada (Ea rd l  ey and Hatch, 1962 ; C r i  t tenden and o the rs ,  1971 b )  . 
,Cons ide ra t i on  of  these  two observa t ions ,  i n  c o n j u n c t i o n  w i t h  t h e  

metamorphic ages, 1  - 4  t o  1.8 b.y. , o f  b o t h  t h e  Facer Creek Format ion and t h e  

Farmi ng ton  Canyon Complex, and t he  angul a r  unconformi t y  between t h e  Facer 

Creek Format ion and t h e  o v e r l y i n g  Precambrian Z sequence ( H u n t s v i l l e )  l e a d  

t o  t h e  f o l l o w i n g  conc lus ions :  
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(1  ) A major episode o f  reg iona l  metamorphism and orogeny a f f e c t e d  

Archean c r y s t a l l i n e  basement complexes and o v e r l y i n g  metasedimentary 

rocks o f  Precambrian X age throughout t he  WastachRange,. Antelope 

Is land,  and Car r ing ton  I s l a n d  areas i n  Utah and presumably i n  

adjacent  areas now l a r g e l y  concealed by younger rocks and 

s t ruc tu res .  This event was recognized by Eardley and Hatch (1940), 

Condie (1969), and C r i  t tenden (1976) ; 

( 2 )  This  deformed and u p l i f t e d  t e r r a i n  served as provenance f o r  

the  younger Precambrian Z sequences i n  t he  eastern Great 

Basin, as evidenced by the  d i s t i n c t i v e  igneous and metamorphic 

l i t h o l o g i e s  o f  c l a s t s  i n  the  t i l l i t e s ,  d i a m i c t i t e s ,  and 

congl omerates ; 

( 3 )  The E l  ba-Upper Narrows-Yost-Stevens Spr ing  sequence i s ,  there fore ,  

i n t e r p r e t e d  t o  be Precambrian X i n  age because o f  the  presence 

o f  f u c h s i t i c  q u a r t z i t e  c l a s t s  i n  w e l l  dated and r e l i a b l y  c o r r e l a t e d  

Precambrian Z sequences i n  southern Idaho and nor thern  and 

c e n t r a l  Utah; the  s t r i k i . n g  cont ras ts  i n  1 i t h o l o g y  and metamorphic 

grade o f  t h i  ck , we1 1 exposed, t e r r i  genous c l  a s t i  c sequences o f  

presunied Precambrian Y age i n  the  Wasatch Range; and the  

1 i t h o l o g i c  s i m i l a r i t y  o f  the  lower subgroup t o  the  Facer Creek 

Formation 'which was metamorphosed 1.4 t o  1.7 b.y. ago, occurs 

unconformably below Precambrian Z rocks i n  the  upper p l a t e  o f  

t he  W i l l a r d  t h r u s t ,  and comprises p a r t  o f  an a1 lochthonous 
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geosync l ina l  sequence which was t h r u s t  eastward over s h e l f  

f a c i  es d u r i  nq the Sevier  orogeny ( C r i  t tenden and o thers ,  1971 a; 

C r i  t tenden , 1976). 

Pub1 ished descr , ip t ions o f  t he  Precambrian Y and Z rocks o f  the  

eastern Great Basin l a c k  the  d i s t i n c t i v e  l i t h o l o g i e s  o f  the  

o l d e r  metasedimentary rocks o f  t he  Ra f t  ~ i v e r  area. Thus, 
. . 

. .  t h e  age o f  t.he lower subgroup appears bracketed between the  
) 

... . unconformably under ly ing  Green Creek Complex ( 2 . 5  b.y.. ) and 

w e l l  dated and r e l i a b l y  c o r r e l a t e d  Precambrian Z sequences, 

con ta in ing  d i s t i n c t i v e  f u c h s i t i c  q u a r t z i t e  and o the r  igneous 

and metamorphic. c l  as t s  (800 m.y . ) . Because o f  t he  s t r i k i n g  

1  i t h o l o g i  c  cont ras ts  between the  o l d e r  subgroup and known 

Precambrian Y Formations, the  proposed c o r r e l a t i o n  and 

corresponding age o f  M i l  l e r  (1978) and ~ r i t t e n d e n  and others 
. . . . 

(1971a). i s  

The Green Creek Complex and some of the o l d e r  metasedimentary rocks 

o f  the  lower subgroup, namely the  Elba Q u a r t z i t e  and the Sch is t  o f  t he  

Upper Narrows, comprise the  autochthon i n  the Ra f t  R iver  area ( t a b l e  I). 

Although the Yost q u a r t z i t e  and Sch is t  o f  Stevens Spr ing a re  i n t e r p r e t e d  

t o  be genet ic  p a r t s  o f  the  lower subgroup, they have, nonetheless, 

p a r t i c i p a t e d  t o  a much'greater  ex ten t  i n  t he  low-angle f a u l t i n g  and 

reg iona l  defo'rmation. Whi le i t  i s  acknowledged t h a t  they have 

M E I I J I  R E S O U R C E  C O N S U L T A N T S  



beendisplacedsome unknown d i s tance  from t h e i r  o r i g i n a l  s i t e  of 

accumulation, they  probably are n o t  f a r  removed and c e r t a i n l y  have n o t  

been d isp laced as f a r  as o v e r l y i n g  rocks o f  t he  midd le  and upper 
. 

subgroups. Thus, the  Yo,st Q u a r t z i t e  and S c h i s t  of Stevens Spr ing  are  
. . 

n o t  .viewed s t r i c t l y  as p a r t s  o f  t he  a l l och thon .  Extensive low-angle 

f a u l t i n g  and d u c t i l e  deformat ion a l s o  suggest rocks o f  t h e  lower subgroup 

were niuch t h i  cker  and. perhaps even more d i  verse 1  i tho1 og i  c a l l  y  than i s 

i n d i c a t e d  by t h e  preserved u n i t s .  O r i g i n a l  s t r a t i g r a p h i c  and s t r u c t u r a l  
. . . . 

r e 1  a t i  o'nshi ps between. rocks  o f  t h e  1 ower subgroup and those of over1 y i  ng 

middle and upper subgroups are n o t  known. Contact r e l a t i o n s  have been 

obscured by ex tens ive  low-angle f a u l t i n g ,  metamorphism, and eros ion .  

Middle Subgroup - Precambrian Z ( ? )  Rocks 

The r r~ idd le  subgroup, co r i s i s t i ng  o f  t he  Daley Creek-Land Creek- 

Har r ison  Summit-Robinson Creek Assemblage, i s  present  o n l y  i n  t he  no r the rn  

p a r t  o f  t h e  A lb ion  Range (Armstrong, 1968a; M i l l e r ,  1978). Armstrong 

(1968a) mapped and named the  Daley Creek, Land Creek and Har r i son  Summi t 

Formations o f  t h e  midd le  subgroup ( t a b l e  I), b u t  he f a i l e d  t o  recognize 
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t h e  e n t i r e  sequence was over turned,  as evidenced by w e l l  de,veloped cross-  

. . bedding (Armstrong, 1970).  H is  s t r a t i g r a p h i c  o r d e r  and age assignments 

a r e  t h e r e f o r e  j u s t  t h e  reverse  of  M i  1 l e r ' s  ( 1  978) and those descr ibed  

i n  ' t h i s  r e p o r t '  ( t a b l e  I ) .  

The Robinson Creek 'assemblage, mapped and i n f o r m a l  l y .  named by 

M i l l e r  (1978)  f o r  t h e  uppermost and youngest u n i t  o f  t h e  m idd le  subgroup, 

i s  u p r i g h t  acco rd ing  t o  cross-bedding, b u t  t e c t o n i c a l l y  o v e r l i e s  

t h e  lower  t h r e e  u n i t s .  On a r e g i o n a l  bas i s ,  s t r a t i g r a p h i c  and age 

r e l a t i o n s  o f  t h e  m i d d l e  subgroup a re  unce r ta i n .  W i t h i n  t h e  subgroup, 

however, t h e  va r i ous  u n i t s  a r e  conformable and e x h i b i t  g r a d a t i o n a l  con tac ts ,  

excep t  f o r  t h e  Robinson Creek assemblage. The f o l l o w i n g  d i scuss ion  draws 

h e a v i l y  on t h e  work of Armstrong (1968a, 1970) and P l i l l e r  (1978) ,  as 

these  u n i t s  were n o t . s t u d i e d  i n  d e t a i l  o r  sampled e x t e n s i v e l y  d u r i n g  t h e  

s tudy .  

The Daley Creek Q u a r t z i t e  i s  t h e  lowermost and o l d e s t  u n i t  o f  t h e  

m idd le  subgroup. I t  was named by Armstrong (1968a) f o r  a massive, t h i c k ,  

u n i f o r m  q u a r t z i t e  wh ich  crops o u t  on a h i g h  r i d g e  n o r t h  o f  Mount 

H a r r i s o n  i n  t h e  area o f  Daley Creek. The dominant l i t h o l o g y  i s  gray o r  

tan ,  medium t o  t h i c k  bedded, l o c a l l y  micaceous, and/or f e l d s p a t h i c  

q u a r t z i  t e  (Armstrong, 1968a). G r i t  and q u a r t z i t e  pebble conglomerates 

a r e  s c a t t e r e d  th roughout  t he  fo rmat ion ,  and a few t h i n  beds o f  

s t au ro l i t e -ga rne t -bea r ing ,  b i o t i t e - m u s c o v i t e - q u a r t z  s c h i s t  and b lue-g ray  

1 imestone occur  i n  t h e  upper p a r t  (Armstrong, 1968a; M i l l e r ,  1978).  

R i p p l e  marks and cross-bedding a r e  w e l l  preserved, as no ted  by M i l l e r  (1978).  

The Land Creek Format ion conformably  o v e r l i e s  t h e  Daley Creek 

Q u a r t z i t e  (Mi l l e r ,  1978).  The t ype  l o c a l i t y  i s  Land Creek9 l o c a t e d  a few 
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mi 1 es nor thwes t  o f  Mount H a r r i s o n  (Armstrong, 1968a). M i  11 e r  ( 1  978) 

recognized and descr ibed  f i v e  separate members, t h r e e  s c h i s t s  and 

two q u a r t z i t e s .  L i t h o l o g i e s  o f  t h e  Land Creek Format ion a r e  more 

d. iverse and c o n t r a s t  n o t i c e a b l y  w i t h  those o f  t h e  o v e r l y i n g  and u n d e r l y i n g  

q u a r t z i t e  u n i t s .  They i n c l u d e  s t a u r o l i t e  and/or garne t -bear ing  

s c h i s t s  w i t h  muscovi te  and/or b i o t i t e ,  ca lcareous s c h i s t s ,  and p e l i t i c  

s c h i s t s  ( M i l l e r ,  1978).  S c h i s t  t y p i c a l l y  weathers t o  shades o f 'b rown,  

whereas q u a r t z i t e s  a r e  mos t l y  l i g h t  gray o r  w h i t e .    he q u a r t z i t e s  a re  

medi um t o  coarse g r a i n e d  and 1 oca l  l y  c o n t a i n  in te rbedded pebble t o  

bou lde r  conglomerate w i t h  c l a s t s  o f  q u a r t z i t e ,  s c h i s t ,  f e l s i c  i n t r u s i v e  

rock ,  and 1 arge f e l d s p a r  c r y s t a l s  ( M i  11 e r ,  1978).  

Arms t r o n g  ( 1968a) named t h e  Ha r r i son  Summi t Q u a r t z i  t e  a f t e r  exposures 

o f  a  prominent,  t h i c k ,  massive q u a r t z i t e  t h a t  cr.ops o u t  on Mount H a r r i s o n  

i n  t h e  A l b i o n  Range. The q u a r t z i t e s  a r e  g e n e r a l l y  l i g h t  brown, cream, 

o r  gray,  medium t o  thick-bedded, and f i n e  t o  coarse-gra ined w i t h  some 

. , muscov i te  on p a r t i n g  sur faces,  and occas iona l  f e l d s p a t h i c  conglomerate 

beds (Mi 1  l e r ,  '1978). Cross-bedding ranges f rom smal l  t o  l a r g e  s.cale and 

i s  w e l l  d i sp layed  i n  outcrops above Cleveland Lake and below t h e  watch 

tower on Mount Har r i son .  The H a r r i s o n  Summit Q u a r t z i t e ,  when viewed f r om a 

d is tance ,  can b e e a s i l y  mis taken f o r  t h e  Elba Q u a r t z i t e  because o f  i t s  

ledgy  cha rac te r  and t w o - f o l d  d i v i s i o n  o f  c o l o r ,  t a n  t o ' b r o w n  above and 

gray t o  w h i t e  below. 

The Robinson Creek assemblage was named by M i  1  l e r  (1978) f o r  an 

u p r i g h t ,  i n te rbedded .sequence o f  q u a r t z i t e ,  s c h i s t ,  and marb le  which 

o v e r l i e s  t h e  over tu rned  Daley Creek-Land Creek-Harr ison Summit sequence. 
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Low-angle f a u l t i n g  and f o l d i n g  obscure r e l a t i o n s h i p s  and p rec lude  

d e f i n i t i v e  c o r r e l a t i o n s ,  b u t  on t h e  bas i s  o f  gross 1  i t h o l o g i c  

s i m i l a r i t y  and s t r u c t u r a l  r e l a t i o n s ,  M i l l e r  (.1978) b e l i e v e d  the, 
. . 

assemblage m igh t  be c o r r e l a t i v e  w i t h  p a r t  o f  t h e  u n d e r l y i n g  u n i t s .  
. .  . 

L i . tbo l .og i  es i n c l u d e  dark  gray c a l  c i t e  marble;  gray,  mi caceous marb le  ; 

. .. 
. . .  t an ,  quar tzose  s c h i s t ; ,  and gray,  t h i n  t o  thick-bedded, l o c a l  l y  cross-  

bedded q u a r t z i t e  (Mi 11 e r ,  1978).  

As ment ioned p r e v i o u s l y ,  rocks  o f  t h e  m idd le  subgroup occur  o n l y  

i n  t h e  n o r t h e r n  p a r t  o f  the  A1 b i  on Range ( t a b l e  I). Moreover, 

s i m i l a r  rocks  a r e  n o t  exposed i n  any o f  t h e  ranges bo rde r i ng  t h e  R a f t  

R i v e r  area. S t r a t i g r a p h i c  r e l a t i o n s ,  c o r r e l a t i o n s ,  and ages o f  these 

m idd le  subgroup rocks  a r e  t h e r e f o r e  unce r ta i n .  L i k e  M i  1  l e r  (1978),  t h e  

w r i t e r  rev iewed pub l i shed  d e s c r i p t i o n s  o f  Precambrian and Lower Cambrian 

sequences i n  t h e  e a s t e r n  Great Bas in  b u t  was unable t o  improve upon h i s  
I 

proposed c o r r e l a t i o n  and age i n t e r p r e t a t i o n .  Metamorphism and de fo rmat ion  

o f  these rocks  i n  t h e  A l b i o n  Range and d i s tances  t o  exposures o f  p o s s i b l e  

c o r r e l a t i v e s  elsewhere i n  t h e  r e g i o n  p rec lude  d e f i n i t i v e  s ta tements.  

The problem o f  c o r r e l a t i o n  and age o f  t h e  o l d e r  metasedimentary 

rocks  i n  t h e  R a f t  R i v e r  area i s  p a r t  o f  a  s t r a t i g r a p h i c  anomaly f i r s t  

recogn ized  by C r i  t t enden  and o the rs  ( 1  971 a )  and subsequent ly  d iscussed 

i n  g r e a t e r  d e t a i  1  by M i  11 e r  ( 1  978) ,  Compton and Todd ( 1  979) , and 

C r i t t e n d e n  (1979) .  The proposed c o r r e l a t i o n  and age i n t e r p r e t a t i o n  

o f  M i l l e r  (1978) a r e  favored  and adopted i n  t h i s  r e p o r t .  By t h i s  

i n t e r p r e t a t i o n ,  rocks  o f  t he  m idd le  subgroup were d e r i v e d  f rom deformed, 

u p l i f t e d ,  and eroded exposures o f  t h e  Green Creek Complex and t h e  o v e r l y i n g  

l owe r  subgroup (E lba  through S c h i s t  o f  Stevens Sp r i nq )  o r  t h e i r  r e g i o n a l  

m 
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c o y r e l a t i v e s ,  sometime f o l l o w i n g  t h e  1.4 t o  1 .8  b.y. metamorphic and 

orogenic  ep isode p : rev ious ly  mentioned. The Daley Creek-Land Creek- 

Ha r r i son  Summit-Robinson C v e k  sequence i s ,  t h e r e f o r e ,  i n t e r p r e t e d  t o  

be c o r r e l a t i v e  w i t h  some p a r t  o f  t h e  r e g i  ona1 l y  ex tens i  ve Precambrian 
. I 

Z sequences i n  t he  eas te rn  Great Basin.  For more d e t a i l s  concern ing  

t h e  problems o f  c o r r e l a t i o n  and age o f  t h e  o l d e r  metasedimentary rocks 

i n  t h e  eas te rn  Great  Basin,  t h e  reader  i s  r e f e r r e d  t o  t h e  p u b l i c a t i o n s  

o f  Misch and Hazzard ( 1962), Armstrong ( 1  968a) , C r i  t tenden and o the rs  

(1971a, 1971 b ) ,  Compton (1972, 1975), Compton and o the rs  (1977),  M i l l e r  

(1978),  Compton and Todd (1979) ,  and C r i  t t enden (1  979). 

Sedimentary s t r u c t u r e s  (para1 l e l  s t r a t i f i c a t i o n ,  cross-bedding, and 

r i p p l e  marks),  g rada t i ona l  con tac t  r e l a t i o n s ,  and i n te r t i edd ing  o f  

q u a r t z i t e ,  s c h i s t ,  and marb le  suggest,  i n  t h e  absence of d i a g n o s t i c  

f l u v i a l  i n d i c a t o r s ,  t h a t  rocks o f  t h e  midd le  subgroup were depos i ted  

i n  shal low,  low t o  h i g h  energy, nearshore t o  o f f s h o r e ,  mar ine environments.  

Heavy m ine ra l s ,  i d e n t i f i e d  by hand l ens ,  c o n s i s t  ma in l y  o f  b l a c k  opaque 

ox ides.  No d e t r i t a l  p y r i t e  was observed i n  t h e  q u a r t z i t e s  o r  conglomerates. 

C o l l e c t i v e l y ,  these observa t ions  suggest t h a t  t h e  coarse c l a s t i c s  were 

depos i ted  under o x i d i z i n g  c o n d i t i o n s .  Moreover, o r i g i n a l  th icknesses  were 

undoubtedly somewhat g r e a t e r  than  those i n d i c a t e d  i n  t a b l e  I because o f  

t h i n n i n g  by low-angle f a u l t s  and d u c t i l e  f l ow .  The t e c t o n i c  s e t t i n g  

d u r i n g  d e p o s i t i o n  was p robab ly  a  deeply  subs id i ng  b a s i n  o r ,  i f  t h e  

proposed c o r r e l a t i o n  i s  c o r r e c t ,  i n  t h e  C o r d i l l e r a n  miogeosync l ine.  

Cons idera t ion  o f  ' t h e  recogn i  t i o n - f a v o r a b i  1  i ty  c r i t e r i a  o f  Jones (1  978a, 1978b) 

and Houston and Ka r l s t r om (1980) leads  t o  t h e  conc lus ion  t h a t  t h e  midd le  



subgroup has no p o t e n t i a l  f o r  P r o t e r o z o i c  quar tz -pebb le  conglomerate 

o r  unconformi t y - t y p e  uranium depos i t s .  

Upper Subgroup - Pa leozo ic  and Mesozo:ic Rocks 

The upper  subgroup i nc l udes  a l l  o f  t h e  metasedimentary and 

sed'imentary rocks  of  presumed Pa leozo ic  through T r i a s s i c  age i n  t h e  

R a f t  R i v e r  area ( t a b l e  I). Except f o r  t h e  q u a r t z i t e s  of C l  a r ks  Bas in  

and Thompson F l a t ,  which a re  o f  u n c e r t a i n  b u t  l i k e l y  p re -Ordov ic ian  age, 

most o f  t h e  f o rma t i ons  o f  t he  upper subgroup a re  c o r r e l a t i v e s  o f  e a s i l y  

recognized,  w e l l  dated, and r e g i o n a l l y  ex tens i ve  Pa leozo ic  and T r i a s s i c  

f o rma t i ons  i n  t h e  e a s t e r n  Great Basin.  W i t h i n  t h e  s tudy  area, however, 

t h e y  a re  more h i g h l y  deformed and metamorphosed than  i n  o t h e r  areas. 

Notwi t hs  t a n d i  ng t h e  deformat ion,  metamorphism, and ex tens i ve  1 ow-angle f a u l  t i  ng 

o f  Zhe upper subgroup rocks,  o r i g i n a l  s t r a t i g r a p h i c  o r d e r  i s  ma in ta ined  

th rouahout  t h e  area. Except ions a r e  uncommon and caused by recumbent 

f o l d i n g  o r  i m b r i c a t e  f a u l t i n g  (Cornpton and o the rs ,  1977; M i l l e r ,  1978).  

The upper subgroup rocks ,  l i k e  those i n  t h e  l owe r  and midd le  subgroups, 

e x h i b i t  s i g n i f i c a n t  a t t e n u a t i o n  as evidenced by ex tens i ve  low-angle f a u l t i n g ,  

d u c t i l e  de fo rmat ion  ,and g ' rea t l y  abbrev ia ted  s t r a t i g r a p h i c  s e c t i o n  (Todd, 

1973; M i l l e r ,  1978). Cons idera t ion  o f  t h e  s t r a t i g r a p h y  i n  t a b l e  I suggests 

t h e  usual  t h i c k  S i l u r i a n ,  Devonian, and M i s s i s s i p p i a n  s e c t i o n  o f  t h e  

eas te rn  Great  Bas in  i s  absent,  b u t  l a t e r  work by Compton and o t h e r s  (1977) 

r e s u l t e d  i n  r e c o g n i t i o n  o f  t h i n  remnants i n  t h e  R a f t  R i v e r  area. They 

, a r e ,  t h e r e f o r e ,  n o t  absent due t o  an uncon fo rmi ty  b u t  r a t h e r  a r e  g e n e r a l l y  

m i s s i n g  because o f  t e c t o n i c  e l i m i n a t i o n .  Thus, i t  appears t h a t  t h e  conformable 

l a t e  Precambri an-Pal eozoi  c - T r i  a s s i c  succession general  l y  recogn ized  

th roughout  t h e  eas te rn  Great Bas in  i s  a l s o  p resen t  a l though h i g h l y  a t tenua ted ,  
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deformed, and metamorphosed. 

P r i o r  t o  metamorphism t h e  predominant l i t h o l o g y  o f  t h e  Paleozoic-  

T r i a s s i c  sucess ion was marine l imes tone  and dolomi te ,  b u t  r e g i o n a l l y  

ex tens i ve  q u a r t z  sandstone and b l a c k  sha le  p r e v a i l  a t  c e r t a i n  

s t r a t i g r a p h i c  l e v e l s .  Pennsylvanian and o l d e r  r o c k s  a re  now metamorphosed 

. , 
t o  marble,  q u a r t z i t e ,  and s c h i s t  o f  va r ious  metamorphic grades. 

I n i t i a l  depos i ' t i on  was i n  dominant ly  low t o  h i g h  energy, nearshore 

a.nd o f f s h o r e  mar ine environments i n  t h e  Cord i  11 eran miogeosyncl i ne. 

Cons idera t ion  o f  t h e  recogn i  t i o n - f a v o r a b i  1  i ty  c r i t e r i a  o f  Jones 

(1978a; 1978b) and o f  Houston and Ka r l s t r om (1980) leads t o  t h e  

conc lus ion  t h a t  rocks o f  t h e  upper subgroup have no p o t e n t i a l  t o  h o s t  

P ro te rozo i c  quar tz-pebble conglomerate o r  unconformity-type'uranium 

depos i ts .  C o l l e c t i v e l y  speaking, t h e  Pa leozo ic  and Mesozoic  rocks  a re  t h e  

l e a s t  r a d i o a c t i v e  o r  u ran i f e rous  rocks  i n  t h e  s tudy  area. 

CENOZOIC ROCKS 

Based on t he  mapping and r e p o r t s  o f  P i  p e r  ( 1  923),  Anderson ( 1  931 ) , 

Nace and o the rs  (1961 ) , Armstrong (1968a),  Compton (1972, 1975),  Compton 

and o the rs  (1977),  and Keys and S u l l  i v a n  (1979),  rocks .  o f  . T e r t i a r y  

and Quaternary.  age a re  w i d e l y  d i s t r i b u t e d  i n  t h e  R a f t  R i v e r  area ( t a b l e  I ) . 
They can be conven ien t l y  subd iv ided  i n t o  f i v e  groups, l i s t e d  i n  o r d e r  

o f  decreas ing age: ( 1  ) g r a n i t i c  i n t r u s i v e s  o f  T e r t i a r y  age (40 t o  25 m.y. ) 

i n  t h e  Grouse Creek and A l b i o n  Ranges; ( 2 )  t h i c k ,  tu f faceous ,  f l u v i a l -  

l a c u s t r i n e ,  b a s i n - f i l l  sediments o f  l a t e  Miocene and P l iocene  age, 

i n c l  ud ing  unde r l y i ng ,  i n t e r c a l a t e d  and o v e r l y i n g  dominant ly  s i  1  i c i c  
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. .  . voJcan ic  f l o w  rocks;.  ( 3 )  t h i n ,  fl u v i a l - l a c u s t r i n e ,  b a s i n - f i l l  sediments of 
. . 

P le is tocene age; ( 4 )  t h i n  a l l u v i u m  and co l l uv ium of P le is tocene t o  Recent age, 

occupying t h e  major  drainages o f  t he  mountain ranges and forming te r races  on 

o l d e r  b a s i n - f i l l  sequences; and ( 5 )  t h i n ,  a l l u v i u m  o f  Recent age f i l l i n g  

drainages i n c i s e d  i n t o  t h e  o l d e r  a l l u v i u m  and b a s i n - f i l l  sediments. None o f  

these rocks and sediments w i l l  be discussed i n  any d e t a i l  because they form 

l i m i t e d  exposures w i t h i n  and around t h e  per imeter  o f  t he  R a f t  R iver ,  Dove 

Creek, Grouse Creek, and A lb ion  Mountains and were observed, f o r  t h e  most p a r t ,  

on l y  i n c i d e n t a l  l y  d u r i n g  stream sediment sampling. Moreover, eva lua t i on  o f  

t h e i r  uranium p o t e n t i a l  was n o t  an o b j e c t i v e  o f  t h i s  study, and t ime and budget 

c o n s t r a i n t s  prec luded ex tens ive  s tudy o r  sampling. Exce l l en t  desc r i p t i ons  and 

more d e t a i  1s a re  conta ined i n  t he  references p r e v i o u s l y  c i t e d ,  

G r a n i t i c  I n t r u s i v e s  

The g r a n i t i c  i n t r u s i v e s  o f  t h e  Grouse Creek and A lb ion  Ranges have been 

s tud ied ,  mapped, descr ibed,  .and dated by Baker (1959), Armstrong .and H i  11s 

(19671, Artnstrong (1968a), Todd (1973), and Compton and o thers  (1977).  They 

are ,  from south t o  n o r t h ,  the  Immigrant Pass i n t r u s i o n ,  Red Bu t te  s tock ,  Vipont 

Mountain i n t r u s i o n ,  Middle Flountain i n j e c t i o n  complex, Almo p lu ton ,  and an 

unnamed b i o t i t e  g r a n o d i o r i t e  p l u t o n  exposed west o f  Cache Peak. A l l  are 

adame l l i t e  o r  g r a n i t i c  rocks approaching adame l l i t e .  A l l  o f  t he  i n t r u s i v e s  occur  

i n  t h e  westernmost, h ighes t  metamorphic grade rocks o f  t h e  autochthon (Mi 1 l e r ,  

1978). Rb-Sr whole-rock isochron ages are  38 m.y. f o r  ,the Immigrant Pass i n t r u s i o n  

(Compton and o thers ,  1977), 30 m.y. f o r  t he  Almo p l u t o n  (Armstrong and H i l l s ,  

1967), and 25 m.y. f o r  Red Bu t te  s tock  (Todd, 1973). The Vipont  Mountain i n t r u s i o n ,  

t he  Middle Mountain i n j e c t i o n  complex, and t h e  unnamed p l u t o n  west o f  Cache Peak 

are  synkinemat ic ,  as evidenced by f o l i a t e d  and l i n e a t e d  f a b r i c s  w i t h  t rends - 
para1 l e l  t o  t he  second s e t  o f  metamorphic f a b r i c s  i n  the  i n t r u d e d  count ry  rocks 

( t a b l e  11) .  Red B u t t e  s tock i s  l a t e  synkinematic t o  dominant ly postk inemat ic  
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1972,  1.975). Age dates o f  8.5 t o  9 m.y. have been obta ined on vo l can i c  

rocks a long the. west s i de  o f  t he  A1 b ion  Range (Armstrong, 1976), b u t  

otherwise, t he  age and c o r r e l a t i o n  o f  vo l can i c  rocks i n  t h e  s tudy area 

remain undef ined. Based on the  P l iocene age dates o f .Armst rong (1976). 

and the  repo r ted  s t r a t i  g raph ic  re1  a t i o n s  between vo l can i c  rocks and the  

tuf faceous , f l u v i a l  - l a c u s t r i n e ,  b a s i n - f i  11 sediments of l a t e  Miocene and 

Pl iocene age, - i t  appears t h a t  volcanism was more o r  'less cont inuous 

throughqut Miocene and P l iocene t imes.  . . 

I t  i s  noteworthy t h a t  du r i ng  e x p l o r a t i o n  d r i l l i n g  o f  t he  nearby 

R a f t  R i ve r  geothermal area, no s i g n i f i c a n t  th ickness  of T e r t i a r y  

vo l can i c  rocks was penetrated, accord ing t o  Harry  Covington o f  t h e  

U.S .G.S. ( o r a l  communi ca t i on ,  5/9/80; Keys and S u l l  i van ,  1979). Holes 

were c o l l a r e d  i n  a l l u v i u n ~ ,  penetrated the  Raft R iver  and S a l t  Lake 

Formations and a very t h i n  s e c t i o n  o f  Precambrian ( ? )  q u a r t z i t e  and 

s c h i s t ,  and bottomed i n  adame l l i t e  o f  Precambrian W age (2.3 b . y . )  

a t  a depth o f  6,000 f e e t  o r  l e s s  (H. Covington, o r a l  communication, 5/9/80; 

Keys and S u l l i v a n ,  1979). 

The bes t  exposures o f  o l d e r  b a s i n - f i l l  sediments a re  l o c a t e d  bo th  

eas t  and west o f  Stanrod, i n  the  area o f  Yost, and t o  a l e s s e r  ex ten t ,  

along Junc t i on  and Grouse Creeks. S u s c e p t i b i l i t y  t o  e ros ion  and a t h i n  

veneer o f  o v e r l y i n g  a l l u v i u m  r e s u l t  i n  gene ra l l y  sca t te red ,  poor exposures. 

D i s t i n c t i v e  a t t r i b u t e s  o f  t h e  o l d e r  b a s i n - f i l l  sediments, commonly 

r e f e r r e d  t o  i n  the  l i t e r a t u r e  as Payet te  ( ? )  o r  S a l t  Lake ( ? )  Formations 

(P iper ,  1923; Anderson, 1931 ; Nace and o thers ,  1961 ) , i n c l u d e  ub iqu i t ous  

vo lcan ic  ash, heterogeneous l i t h o l o g i e s ,  and in terbedded vo l can i c  

f lows.  S t r a t i g r a p h i c  r e l a t i o n s  and sedimentary s t r u c t u r e s  i n d i c a t e  
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. . 

. . 

. . i n t r u s i o n ,  as i n d i c a t e d  by a  deformat ion f a b r i c  i n  t h e  s h e l l  o r  pe r ime te r  

b u t  n o t  i n  t he  111 1 1  ton core  (Todd, 1973, Conipton and o the rs ,  1977).  The 

absence o f  l r~etaniorphic f a b r i c s  i n  t he  Almo p l u t o n  and Inimigrant Pass i n t r u s i v e  

i m p l y  bo th  a r e  pos t k i nema t i  c  i n t r u s i o n s  (Armstrong, 1968a; Conipton and 

o t h e r s ,  1977).  

Miocene-Pl iocene Sediments and Volcanics 

W i t h i n  t h e  boundar ies o f  t h e  s tudy  area, T e r t i a r y  v o l c a n i c  rocks  

a r e  s p a r s e l y .  d i  s t r i  bu ted  and have rece i ved  1  i ttl e  s tudy  . The b e s t  

exposures occur  i n  t h e  low h i l l s  a long  t h e  n o r t h  marg in  o f  . t h e . R a f t  . 

R i v e r  Range between, Stanrod and C lea r  Creek, b u t  these  exposures a r e  

i n s i g n i f i c a n t  when c o n t r a s t e d  w i t h  those  across t h e  v a l l e y  t o  t h e  n o r t h  

i n  t h e  J im  Sage Mountains.  Here, v o l c a n i c  f lows  a r e  ex tens i ' ve ly  and 

con t i nuous l y  exposed ove r  an area o f  40 square m i l e s .  

The T e r t i a r y  v o l c a n i c  rocks  have been, descr ibed  as q u a r t z - t r i  dymi t e  

1  a t i  t e s  ( P i  per ,  1923; Anderson, 1931 ) , qua r t z  1  a t i  t e s  (Nace and o t h e r s ,  

1961 ) , we1 ded and g lassy  d a c t i e s  (Compton, 1972, 1975),  r h y o l i t e  ashf lows 

(Mi 11 e r ,  1,978) , and andesi  t e  porphyry  (Keys and S u l l  i van, 1979).  B l  ack, 

da rk  brown, and dark .  r e d .  c o l o r s  predominate.  Both aphani ti c  and p o r p h y r i t i c  

t e x t u r e s  have been noted,  as have bo th  e x t r u s i v e  and i n t r u s i v e  c o n t a c t  

r e l a t i o n s .  Heavy m i n e r a l s  i n c l u d e  magnet i te ,  z i r c o n ,  and a p a t i t e .  

Thickness o f  i n d i v i d u a l  f'lows i s  h i g h l y  v a r i a b l e ,  r ang ing  f rom 50 .to 300 

f e e t  (Nace and o the rs ,  1961 ) . 
Age o f  t h e  v o l c a n i c  rocks  i s  a l s o  v a r i a b l e ,  as i s  r e f l e c t e d  i n  

pub l i shed  d e s c r i p t i o n s  i n d i c a t i n g  t h a t  they  u n d e r l i e ,  a r e  in te rbedded w i t h ,  

and o v e r l i e  t h e  o l d e r  b a s i n - f i l l  sediments w i t h  which they  a r e  commonly 

assoc ia ted  ( P i  per ,  1973; Anderson, 1931 ; Nace and o the rs ,  1961 ; Compton, 
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d e p o s i t i o n  i n  f l  u v i a l  , d e l t a i c ,  pa luda l  , and l a c u s t r i n e  environments 

i n  in termontane bas ins .  

L i  t h o l o g i e s  a r e  d i ve rse ,  and v i  t r i c  ash o f  s i  1  i c i c  compos i t ion  

Cs a major  compenent i n  a1 1  b u t  t h e  coarses t  t e x t u r e d  sediments. 

L i  t h ? c  b r e c c i a ,  conglomerate, sandstone, dolomi t e ,  and s i  1  i c i c  v o l c a n i c  

rock  comprise t h e  dominant 1  i t h o l o g i e s  (P iper ,  1923; Anderson; 1931 ; 

Mapel and Hai 1  , 1956, 1959; Nace and o the rs ,  1961 ; Compton , 1972, 1975). 

The t e r r i genous  c l a s t i c s  a r e  t y p i c a l l y  p o o r l y  s o r t e d  and s t r o n g l y  

1  i t h i c .  White, gray,  green, y e l l o w ,  brown, and t a n  c o l o r s  a re  cha rac te r -  

i s t i c .  Thicknesses range f rom 1700 t o  about 8000 f e e t .  Near ly  5,000 

f e e t  was pene t ra ted  by d r i l l  ho les  i n  t h e  nearby Raft R i v e r  geothermal 

area, where t h e  l owe r  p a r t  i s  hyd ro the rma l l y  a l t e r e d  (Keys and S u l l i v a n ,  

1979). 

C o r r e l a t i o n .  and age of t h e  o l d e r  b a s i n - f i l l  sediments w i t h i n  t h e  

s tudy  area remain undef ined.  S i m i l a r  sequences a r e  w i d e l y  d i s t r i b u t e d  i n  

t he  regi 'on , b u t  each may have accumulated i n  a  separate i n te rmoun ta in  

b a s i n  no tw i t hs tand ing  g e n e r a l l y  s i m i l a r  l i t h o l o g i e s  and s t r a t i g r a p h y .  

Prominen t l y  t u f f aceous ,  b a s i n - f i l l  sediments i n  t h e  Grouse Creek Mountains 

have been dated p a l e o n t o l o g i c a l l y  as La te  Miocene by J.R. F i r b y  

(Cornpton, 1975; Compton and o the rs ,  1977). Accord ing ly ,  t h e  o l d e r ,  

tu f faceous,  b a s i n - f i l l  sediments w i ' t h i n  t he  s tudy  a rea  a r e  ass igned 

a  l a t e  Miocene 'and P l  iocene age because of s t r i  k i n g l y  s im i  1  a r  1  i t h o l o g i  es , 

s t r a t i g r a p h y ,  and i n t i m a t e  a s s o c i a t i o n  w i t h  v o l c a n i c  rocks  l i t h o l o g i c a l l y  

s i m i l a r  t o  those dated as 8.5 t o  9.0 m.y. o l d  (Armstrong, 1976). 
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P le i s tocene  Sediments 

The younger,  t h i n ,  bas i ' n - f i  11 sequence was n o t  p o s i t i v e l y  i d e n t i f i e d  

w i t h i n  t h e  s tudy  area. I t  i s  des ignated as t h e  R a f t  R i v e r  Format ion 

i n  t h e  1  i t e r a t u r e  (Nace and o the rs ,  1961 ; Keys and S u l l i v a n ,  1979). These 

sediments a r e  w i d e l y  d i s t r i b u t e d ,  a l though g e n e r a l l y  concealed, 

a h n v ~  t h ~  older b s s i n - f i l l  sediments i n  t h e  nearby R a f t  ~ i v b r  gcothcrmal 

area (Keys and S u l l  i van ,  1979). They a l s o  fo rm ex tens i ve  exposures i n  

t h e  extreme n o r t h e a s t e r n  p a r t  o f  t h e - R a f t  R i v e r  Val l e y  (Nace and o the rs ,  

1961 ) . They a r e  dominan t l y  unconsol i d a t e d ,  b u f f ,  ye1 low, and brown 

muds, s i l t s ,  sands, and g rave l s  depos i ted  i n  P le i s tocene  l akes  o r  f l u v i a l -  

d e l t a i c  complexes assoc ia ted  t h e r e w i t h .  A P le i s t ocene  age was assigned 

t o  these sediments byNac&  and o the rs  (1961 ) and' Keys and S u l l i v a n  (1979).  

01 d e r  A1 1  u v i  um and Col 1  u v i  urn 

The o l d e r  a l l u v i u m  and c o l l u v i u m  represen ts  a  composite u n i t  whose 

component p a r t s  were n o t  d i s t i n q u i s h e d  d u r i n g  mapping because of  l a t e r a l l y  

v a r i a b l e  and g r a d a t i o n a l  r e l a t i o n s h i p s  (Compton, 1972, 1975).  These 

depos i t s  a re ,  i n  p a r t ,  c o r r e l a t i v e  w i t h ,  and rep resen t  t h e  p rox ima l  

equ i va len t s  o f ,  t h e  younger b a s i n - f i  11 sediments, as evidenced by g l a c i a l  

t i l l s  and mora ines.  a t  t h e  h i g h e r  e l e v a t i o n s  i n  t h e  R a f t  R i v e r  and 

A1 b i o n  Ranges. ~ l s o  i n c l u d e d  a r e  t a l u s  depos i t s  and p e r c h e d  and i n c i s e d  

c a n y o n - f i l l  depos i t s  w i t h i n  t h e  mountain drainages. A l l  o f  these depos i t s  

a r e  p o o r l y  s o r t e d  and coarse t e x t u r e d ,  r e f l e c t i n g  d e v i a t i o n ,  t r a n s p o r t a t i o n ,  a 
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and depositon by a  combination o f  mass wast ing and f l u v i a l  processes. 

Inasmuch as the u n i t  i s  a r b i t r a r y  and composi t e ,  the  deposi ts  must 

necessar i l y  range from Ple is tocene t o  Recent i n  age. 

Younger A1 1  uvium 

The younger a l luv ium, occupying the  drainages i n c i s e d  i n t o  the  o l d e r  

o l d e r  a l l u v i a l  te r races  and under ly ing  b a s i n - f i l l  sediments, cons i s t s  of 

t e r r i  genous c l  a s t i c s  d e r i  ved from pre-ex i  s t i  ng depos i ts  . The most 

conspicuous and l a r g e s t  c o n t r i b u t o r s  a re  the  o l d e r  a l l u v i a 1  te r races  

and under ly ing  b a s i n - f i l l  which are  q u i t e  suscept ib le  t o  e ros ion  and 

mass wast ing. These deposi ts ,  t he re fo re ,  cons i s t  o f  g radat iona l  mix tu res  

o f  gravel ,  sand, s i l t ,  and mud w i t h i n  the  present  drainages. They are  

assigned a Recent age and r e f l e c t  cont inued eros ion  i n  response t o  

reg iona l  up1 i ft  . 
Considerat ion o f  the  r e c o g n i t i o n - f a v o r a b i l i t y  c r i t e r i a  o f  Jones 

(1978a, 1978b) and o f  Houston and Kar ls t rom (1980) leads t o  the  

conclus ion t h a t  t he  Cenozoic rocks have no p o t e n t i a l  t.o hos t  Pro terozo ic  

quartz-pebble o r  unconformi ty- type uranium deposi ts .  However, Cenozoic 

rocks w i t h i n  and . just  west of the  study area conta in  most o f  t he  known 

uranium occurrences. Most no tab le  are  the  pegmati te shows i n  the  Almo 

p l  uton (Cook, 1957), the u ran i  ferous l i g n i t e s  and carbonaceous shales 

i n  Goose creek Basin (Mapel and H a i l ,  1956, 1959), and the  uran i fe rous  

vo lcan ics  and sediments o f  t he  o l d e r  b a s i n - f i l l  t h a t  are hydrothermal ly  

a1 te red  i n  the  nearhy Ra f t  R iver  geothermal area (Keys and Sul 1  i van, 1979), 

Thus, T e r t i a r y  i n t r u s i v e  and vo lcan ic  rocks and b a s i n - f i l l  sediments 

appear t o  possess some,albeit l a r g e l y  unknown, p o t e n t i a l  t o  hos t  ve in,  

contac t  metasomatic, volcanogenic, carbonaceous shale and l i g n i t e ,  and 
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p o s s i b l y  sandstone- type u ran iu~ i i  depos i t s .  W i t h i n  t he  t ime  and budget 

c o n s t r a i n t s  imposed by t he  p resen t  s tudy ,  however, i t  was n o t  p o s s i b l e  

t o  p r o p e r l y  assess t h i s  uranium p o t e n t i a l  n o r  t o  d e f i n e  p rospec t i ve  

areas i n  g r e a t e r  d e t a i l  . than i s  i n d i c a t e d  by t h e  known uranium 

occurrences.  . . 

W i t h i n  t h e  R a f t  R i v e r  area l a c k  o f  i n t e r e s t  i n  Cenozoic rocks  

p robab ly  s tems . f r om t h e  f a c t  t h a t  t h e  T e r t i a r y  i n t r u s i v e s  a re  n o t  w e l l  

m ine ra l i zed ,  t h e  o l d e r  b a s i n - f i l l  sediments a re  g e n e r a l l y  p o o r l y  

exposed and a t t a i n  g r e a t  th icknesses ,  t h e  area i s  s t r u c t u r a l l y  complex, 

heterogeneous l i t h o l o g i e s  coupled w i t h  r a p i d  l a t e r a l  v a r i a t i o n s  i n  

f a c i e s  renders  c o r r e l a t i o n s  b o t h  d i f f i c u l t  and suspect,  and p r i v a t e  

l a n d  ownership i s  s i g n i f i c a n t .  From an i n d u s t r y  p o i n t  o f  v iew, l a c k  o f  

i n t e r e s t  i n  non-producing areas stems f rom a  p reoccupat ion  w i t h  e x p l o r a t i o n  

f o r  sandstone-type depos i t s  i n  p roduc ing  d i s t r i c t s ,  somewhat lower  

e x p l o r a t i o n  cos ts  t h e r e i n ,  and t h e  r e 1 , a t i v e l y  s imp le  s t r a t i g r a p h i c  

and s t r u c t u r a l  s e t t i n g  ' o f  t h e  o r e  depos i t s .  I t  shou ld  be no ted  t h a t ,  

except  f o r  t e c t o n i c  s e t t i n g ,  t h e  o l d e r  b a s i n - f i l l  sediments a r e  n o t  

v e r y  d i f f e r e n t  f rom sediments o f  s i m i l a r  age and geo log i c  s e t t i n g  

which h o s t  sandstone or carbonaceous sha le  uranium deposi.ts i n  Wyoming, 

Texas, and Ar izona .  
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blETAMORPHISM, FOLDING, AND LOW-ANGLE FAULTING 

Background 

The Precambrian, Paleozoic ,  and T r i a s s i c  rocks w i t h i n  t h e  s tudy  area 

have been e x t e n s i v e l y  deformed by m u l t i p l e  episodes o f  f o l d i n g ,  

metamorphism, low-angle f a u l t i n g ,  and p lu ton ism.  A summary of these  

deformat ions,  based on a syn thes is  o f  t h e  pub l i shed  l i t e r a t u r e ,  i s  presented 

i n  t a b l e  I I .  The' na tu re  and chronoloqy , o f  t h e  va r i ous  deformat ions a r e  

s i m i l a r  throughout  t h e  R a f t  R i v e r  area as evidenced by t he  da ta  i n  t a b l e  11. 

Metamorphisnl o f  amphi bo l  i t e  f a c i e s  i s  t y p i c a l  i n  rocks  o f  t h e  R a f t  R i v e r  

complex, b u t  the  occurrences o f  metamorphic assemblages which a r e  d i a g n o s t i c  

o f  metamorphic f a c i e s  a re  r a r e  because most o f  t he  metamorphic rocks  a re  , 

q u a r t z - r i c h  (Armstrong, 1968a; M i  1 l e r ,  1978).  As a r e s u l t ,  t h e  p o s i t i o n s  

o f  isogrades a re  imp rec i se l y  de f i ned ,  b u t  Armstrong (1968a) b e l i e v e d  they  

p robab ly  d ipped eastward be fo re  doming. Smal l -sca le  metamorphic f o l d s  and 

assoc ia ted  f o l i a t i o n s  and l i n e a t i o n s  a re  widespread. Many  a re  superi~nposed 

by two o r  Illore pc?riods o f  de fo r r r~a t ion .  The low-anqle f a u l t s  a re  a l s o  f o l d e d  

i n  sorlle 11l;lces .(Co~npt.on, 1975: F l i  1  l e r ,  1978).  

A l l  i n v e s t i g a t o r s  recognized a t  l e a s t  four  phases o f  nletarnorphic 

f o l d i n g  and p e n e t r a t i v e  de fo rmat ion  on t he  bas i s  o f  s t u d i e s  o f  m ino r  s t r u c t u r e s  

( t a b l e  11) .  Cons idera t ion  of major  s t r u c t u r e s  suggests a t  l e a s t  two episodes 

of  postnietamorphic f o l d i n q .  Furthermore, s i g n i f i c a n t  low-angle f a u l t i n g  

preceded, acconipained and f o l  1 owed the  metamorphic deformat ions.  F i n a l  l y  , 

n o t  t o  be i qno red  a r e  t h e  superimposed b u t  more l o c a l  e f f e c t s  o f  con tac t  

metamorphism and low-angle f a u l t i n g  t h a t  accompained mid-and l a t e  Cenozoic 

deformat ions.  
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TABLE I 1  

Plutonism 
Precambrian 

Synthesis o f  plutonism, metamorphic deformation, and low-angle f a u l t i ~ s  i n  t he  Raft R i ve r  area. 

Grouse Creek and R a f t  R i ve r  

Synkinemati c.. 

Postk inemat ic  

Metamorphic Deformation 
Duct i  1 e ~ h a s e s  

, Deformation phases 

Maximum deformation 
Maximum shor ten ing  
Maximum extension 
Maximum metamorphic 
grade 
Maxi mum temperature 
Age o f  deformations 

Deformation model 

Low- Angl e Faul ti n g  
Number episodes 
Di r e c t i  ons of d isp lace-  
men t 
Amount of displacement 
Number of  f a u l t s  
Number o f  sheets 
Age 

'13 Autochthonous sequence 
A1 1 och thonous sequence 
Most Deformed sheet 
TY pe 

Mountains Compton (1972, 1975) 
& Compton and o thers  (1977). 

Adamel 1 i t e  
Vipont Mtn. Pluton;  Middle 
Mtn. I n j e c t i o n  Complex 
Red Bu t te  P lu ton  (25 n.y. ) ;  
Immigrant Pass P lu ton  (38 m.y. ) 

D l ,  D2, D3, D4 
NE, NW t o  W ,  NE, k i n k  f o l d s  

D2, NW t o  W 
V e r t i c a l  
Hor izonta l  

Amphi b o l  i t e  
D2 
Dl p re  38 m.y. ago; 
D2 25 m.y. ago 

Kehle (1970) 

S i g n i f i c a n t  (30 km) 
3 
3 
Pre, Syn, and Postmetamorphism 
Archean & Precambrian Z ( ? )  
Upper Narrows through Oqui r r h  
Lowest (sheet  1)  
Younger-on-01 der 

A1 b ion  Range 
M i  11 e r  (1  978) 

Adamel 1 i t e  

Dl y D2y D3y D4 
NE, NW, dome re la ted ;  
k i n k  fo lds (N,SE) 
D2, NW 
V e r t i c a l  
Ho r i zon ta l  

Amphi bo l  i t e  
D2 
Major (Dl 7 D2)-post 
La te  If- t o  La te  Kr o r  
Eocene t o  Miocene 
Kehle (1970) 

4 
4 
Pre, Syn ,&Pos tmetamorphi sm 
Archean & Precambrian X ( ? )  
Yost through Oquir rh 
Lowest (sheet 1 ) 
Younger-on-01 der  

Armstrong (1968a) 

Adamel 1 i t e  
Fol i 'a ted b i o t i t e  g ranod io r i  t e  
west o f  Cache Peak 
Almo P lu ton  (30 m.y.) 

D l y  D2y D3y D4 
NEy W t o  NW; dome re la ted ;  
k i n k  f o l d s  
D2, W t o  NW 
Not s t a t e d  
Mot s t a t e d  

Amphi bo l  i t e  
D2 
Major  (Dl  7 D2) 
Ea r l y  F t o  p re  La te  Kr; 
Late Kr  t o  Oligocene 
I n f r a s t r u c t u r e ;  supras t ruc ture ;  
abscherungzone 

M u l t i p l e  
Not discussed 

!dot discussed 
Not discussed 
Not discussed 
Kot discussed 
Nat discussed 
Not discussed 
Younger-on-01 der  



D u c t i l e  Deformat ion 

Based on s t u d i e s  o f  minor  s t r u c t u r e s  a t  l e a s t  f o u r  phases o f  d u c t i l e  

deformat ion can be recognized ( t a b l e  11) .  Two o f  these d u c t i l e  phases 

occur r e g i o n a l l y ,  as evidenced by sma l l -sca le  f o l d s  and assoc ia ted  

p e n e t r a t i v e  f a b r i c s  hav ing  widespread d i s t r i b u t i o n  i n  rocks  of  bo th  t h e  

autochthon and a1 lochthons (Armstrong, 1968a; Compton, 1972, 1975; Compton 

and o thers ,  1977; M i l l e r ,  1978). The f i r s t ,  o r  o l d e s t ,  s e t  o f  metamorphic 

s t r u c t u r e s  (D l  ) cons i s t s  of over tu rned  t o  recumbent, i s o c l  i n a l  , o r  t i g h t  

f o l d s ,  and r e l a t e d  m ine ra l  f o l i a t i o n  and l i n e a t i o n .  F o l d  axes and m ine ra l  

1  i n e a t i o n s  t r e n d  no r theas t .  Folds a r e  over tu rned  t o  t h e  nor thwest ,  

and a x i a l  p lanes and p e n e t r a t i v e  f o l i a t i o n  i n t e r s e c t  bedding a t  ve ry  low 

angles. Fab r i c  geometry and vergence o f  f o l d s  s i g n i f y  metamorphic f lowage 

t o  t h e  nor thwes t  o r  west (Compton and o t h e r s ,  1977; M i l l e r ,  1978). 

The second o r  younger s e t  o f  metamorphic s t r u c t u r e s  (D2) l i k e w i s e  

c o n s i s t s  o f  f o l d s  and r e l a t e d  m ine ra l  f o l i a t i o n  and l i n e a t i o n  which t r e n d  

g e n e r a l l y  nor thwest .  Fo ld  s t y l e s  range f rom i s o c l i n a l  t o  broad and open. 

Ove r tu rn i ng  i s  dominant ly  t o  t h e  no r theas t ,  b u t  Compton and o the rs  (1977) 

a l s o  no ted  o v e r t u r n i n g  t o  t h e  southwest i n  t h i s  s e t .  Accord ing t o  M i l l e r  

(1978) f o l i a t i o n  p a r a l l e l s  02 a x i a l  p lanes and d i p s  s t e e p l y .  M ine ra l  g ra i ns  

and pebbles and cobbles i n  conglomerates a re  conspicuousl~y e longa ted  p a r a l l e l  

t o  f o l d  axes and f l a t t e n e d  i n  t h e  p lane  of bedding (Compton, 1975; M i l l e r ,  

'1978). From the  pub1 i s t ~ e d  1 i t e r a t u r e ,  D2 s t r u c t u r e s  a r e  apparen t l y  t h e  

most pervas ive  and occur  w i d e l y  i n  bo th  t h e  autochthon and a l l och thon .  They 
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r e c o r d  the lllilxilllun~ s t r e s s  o f  r e g i o n a l  lnetanlorphism (Armst,ronq, 1968a; 

. , 

. . -Colllpton ~ r l d  o t h e r s ,  1977; M i  1  l e r  , 1978). Peak metaniorphic te l l lperatures 

were p robab ly  ach ieved d u r i n g  t h i s  deformat ion phase, as i n d i c a t e d  by t h e  

assoc ia ted  h i q h e s t  grade assemblage o f  metamorphic m ine ra l s  (Mi 1  l e r ,  1978). 

Metamorphi c  s t r u c t u r e s  d i s t i n c t l y  younger than t h e  second s e t  (D2) occur  

th roughout  t h e  Raf t  R i v e r  area and i n c l u d e  sma l l - sca le  f o l d s  and p e n e t r a t i v e  

f a b r i c s .  These s t r u c t u r e s  p robab ly  r e f l e c t  more n f  t h e  l n c a l  r a t h e r  than  

t h e  r e g i o n a l  lnetamorphi c  deformat ion because they a r e  n o t  as w i d e l y  d i s t r i b u t e d  
. . 

as .D1 and D2 a n d . d i f f e r  somewhat i n  cha rac te r  f rom one p lace  t o  another .  

I n  t h e  n o r t h e r n  p a r t  o f  t h e  A l b i o n  Range, M i l l e r  (1978) i n t e r p r e t e d  

D3  s t r u c t u r e s  t o  be r e l a t e d  t o  t h e  format ion and r i s e  o f  B i g  Ber tha  dome and 

concon l i t tan t  f lowage o f  t h e  o v e r l y i n g  nietasedimentary rocks outward away 

f ro in  t h e  apex o f  t h e  dome and' downward toward t h e  ad jacen t  r i m  sync l i nes  
. . 

o r  bas ins .  Th i s  i n t e r p r e t a t i o n  d e r i v e s f r o n i  h i s  observa t ions  o f  t h e  geometry 

o f  D 3  f o l d s  and t h e i r  c l o s e  s p a t i a l  r e l a t i o n  t o  B i g  Ber tha dome. M i l l e r ' s  

(1978) D 4  f o l d s  a r e  minu te  (1  mm) k i n k  f o l d s  t h a t  have bccn superimposed 

on a l l  e a r l i e r  metamorphic s t r u c t u r e s .  D4 axes t r e n d  g e n e r a l l y  N 15' E, 

a x i a l  p lanes a r e  n e a r l y  v e r t i c a l ,  and sense o f  verqence i s  n o t  sys temat ic  

( M i l l e r ,  1978)., They d e f i n i t e l y  pos t -da te  f o rma t i on  o f  B i g  Ber tha dome because 

o r i e n t a t i o n s  a re  u n a f f e c t e d  by i t .  K ink  f o l d s  w i t h  comparable t r ends  b u t  

s,ystematic eastward vergence were no ted  by Compton and o t h e r s  (1977) 

i n  t h e  Utah p o r t i o n  o f  t h e  s tudy area where they  were cons idered t o  be assoc ia ted  

w i t h  l a t e  eastward movement on low-angle f a u l t s .  

Armstronq (1968a) a l s o  observed D3 and D4 metamorphic s t r u c t u r e s  i n  t h e  

A l b i o n  Range ( t a b l e  I I). D3 s t r u c t u r e s  were descr ibed  as nor thwes t  t r e n d i n g  - 
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fo lds  w i t h  southwest d i pp ing ,  a x i a l  p lane  f o l i a t i o n .  Because o f  t h e i r  

geometry and s p a t i a l  r e l a t i o n  t o  B i g  Ber tha  dome, Armstrong (1968a) 

i n t e r p r e t e d  them] t o  be contemporaneous w i t h  and g e n e t i c a l  l y  r e l a t e d  

t o  donie format ion b u t  o u t l a s t i n g  i t  i n  t in ie  o f  development'. Arnistrong 

(1968a) a.lso observed sporad ic  no r t h - sou th  t r e n d i n g  k i n k  . f o l d s ,  no ted  t h e i r  

a s s o c i a t i o n  w i t h  r e t r og rade  metamorphism, b u t  d i d  riot o f f e r s  an 

i n t e r p r e t a t i o n  o f  t h e i r  s i g n i f i c a n c e .  

, I n  t h e  Utah p o r t i o n  o f  t h e  s tudy  area,  s p e c i f i c a l l y  i n  t h e  R a f t  R i ve r ,  

Dove Creek, and Grouse Creek Mountains, Compton and o the rs  (1977) 

observed scarce 03 metamorphic f o l d s  w i t h  axes t r e n d i n g  g e n e r a l l y  n o r t h e a s t  

and l imbs over tu rned  e i t h e r  nor thwes t  o r  southeast .  Is .some areas these 

f o l d s  a r e  r e l a t e d  t o  smal l  i m b r i c a t e  " t h r u s t "  f a u l t s  which moved hanging 

w a l l  rocks nor theastward and eastward r e l a t i v e  t o  t he  f o o t w a l l  (Compton 

and o the rs ,  1977). K ink ( c r imp )  f o l d s  were a l s o  no ted  and i n t e r p r e t e d  

t o  s i g n i f y  deformat ions a t t e n d i n g  eastward movement o f  a l loch thonous  sheets 

on low-angle f a u l t s  (Compton, 1975).  

None o f  t he  o r i g i n a l  i n v e s t i g a t o r s ,  o r  t h e  w r i t e r  f o r  t h a t  ma t te r ,  

env i s i ons  t h e  metaniorphic deformat ions evidenced by t h e  minor  s t r u c t u r e s  

and p e n e t r a t i v e  f a b r i c s  t o  r ep resen t  f o u r  separate and d i s t i n c t  metamorphic 

events .  Rather,  metamorphic de fo rmat ion  i s  v i s u a l i z e d  as a  s i n g l e  

p r o t r a c t e d  event  d u r i n g  which t h e  va r i ous  f a b r i c s  developed i n  rocks  w i t h  

d i f f e r i n g  r h e o l o g i c a l  p r o p e r t i e s  i n  response t o  changing temperature and 

s t r e s s  f i e l d s .  Thus, D l  s t r u c t u r e s  evo lved  d u r i n g  t h e  e a r l y  p e r i o d  o f  

i n c r e a s i n g  temperature and s t r e s s ,  D2 s t r u c t u r e s  r e c o r d  maximum temperature 

and s t r e s s ,  and 83 s t r u c t u r e s  r e f l e c t  d e c l i n i n g  temperature and v a r i a b l e  

l o c a l  s t r e s s  which p r e v a i l e d  d u r i n g  t h e  waning phase o f  r e g i o n a l  metamorphism 
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and deformat ion.  Accord ing t o  Armstrong (1968a),  D4 s t r u c t u r e s ,  t he  k i n k  

f o l d s ,  s i  qn i  f y  re t roq rade  n~etamorphism and deformat ion under cond i t i ons  o f  

s u b s t a n t i a l  l y  lower  temperature and s t r e s s .  

As was noted by Corrlpton and o the rs  (1977) and M i l l e r  (1978),  t h e  

metamorphic m ine ra l s ,  f o l d  forms, and v e r t i c a l  d i s t r i b u t i o n s  of s t r a i n s  

i n  rocks  a f f e c t e d  by the  f i r s t  and second (Dl  and D2)  metamorphic 

defo.rmations are  so s i m i l a r  and w i d e l y  developed as t o  suggest t h a t  one 

fo l l owed  the o t t le r  c ' losely .  D3 s t r u c t u r e s ,  on the  o t h e r  hand, d i f f e r  

s u f f i c i e n t ' l y  i n ,  t h e i r  charac ter  and d i s t r i b u t i o n  t o  iniply more l o c a l i z e d  

stress-dominated deformat ion,  such as t h a t  accompanying fo rmat ion  and r i s e  

o f  t h e  i n d i v i d u a l  mant led gneiss domes. There are  a t  l e a s t  seven o f  these. 

l 'hus, D3 s t r u c t u r e s  s i g n i f y  deformat ion i n  themetasedimentary rocks o v e r l y i n g  

the  domes as a consequence o f  f lowage outward away from the  apex o f  t h e  r i s i n g  

domes, and downward toward adjacent  r i m  sync l i nes  o r  basins.  

Kink f o l d s ,  as i n t e r p r e t e d  by Armstrong (1968a), and Compton and others 

(1977),  and i m p l i e d , b y  M i l l e r  (1978) ,s ign i fy  t he  waning phase o f  metamorphic 

deformat ion i n  a c o o l e r ,  more r i g i d  p i l e  o f  nietasedimentary rocks undergoing, 

s i lnul  taneous l y  , req iona l  up1 i f t  and eastward movement on low-angle f a u l t s .  

Post-metamorphic Fo ld ing  

Post metamorphic f o l d i n g ,  f a u l t i n g ,  and i n t r u s i o n  was widespread and 

v a r i a b l e  and a f fec ted  rocks of bo th  t h e  autochthon and a l loch thon.  Dur ing 

the  waninq stages o f  metamorphism and p r i o r  t o  deposi ton o f  t he  upper 

Miocene and P l iocene sediments, and associated vo lcan ics ,  a l lochthonous 

rocks,  e s p e c i a l l y  t h e  Oqu i r rh  Formatiori, were r a t h e r  s t r o n g l y  fo lded,  and 

rocks o f  t h e  autochthon were buckled ~: ioderate ly  i n  many p laces (Compton, C 
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1972, 1975; Compton and o the rs ,  1977). The e a r l  i e r  postmetamorphi c  f o l d s  

t r e n d  N. 30' E. t o  N. 35' W .  and a r e  over tu rned  toward t h e  eas t .  Accord ing 

t o  Co~npton ( 1 9 7 5 ) ,  some low-angle f a u l t s  were f o l d e d  a t  t h i s  t ime  w h i l e  

o thers ,  n o t a b l y  t h e  upper and presumably youngest , exper ienced cons ide rab le  

movement as evidenced by j u x t a p o s i t i o n  o f  unmetamorphosed and metamorphosed 

rocks .  Eros ion  o f  these f o l d s  and a l loch thonous  sheets,  accompanied by v o l -  

canism, l e d  t o  t h e  f o rma t i on  o f  t h e  w i d e l y  d i s t r i b u t e d ,  t h i c k ,  b a s i n - f i l l  

sediments, and vo l can i cs  o f  l a t e  Miocene and P l i ocene  age. Cornpton and 

o the rs  (1977) no ted  a widespread, c o n s i s t e n t ,  i n v e r t e d ,  c l a s t  s t r a t i g r a p h y  

i n  these sediments and i n t e r p r e t e d .  i t  t o  .mean t h e  a l loch thonous  sheets  had 

n o t  been sub jec ted  t o  ex tens i ve  h igh-ang le  f a u l t i n g  a t  t h i s  t ime.  

Subsequent1.y , t h e  1 a t e  Miocene and P l  iocene bas in - . f i  11 sediments and ' 

o l d e r  rocks were folded, mos t l y  on nor th -sou th  axes, b u t  l o c a l l y  on 

east -west  axes, t o  form' t h e  p resen t  mountain ranges. As t h e  a n t i c l i n a l  

cha rac te r  o f  t he  ma jo r  ranges evolved,  cons iderab le  a r ch ing ,  doming, and 

v e r t i c a l  up1 i f t  occur red  a long  h i  gh-angle basin-and-ranqe t ype  f a u l t s .  

Low-angle f a u l t s  which jux tapose  nietamorphosed and unmetamorphosed Pa leozo ic  

rocks on upper Miocene and P l iocene  b a s i n - f i l l  sediriients p robab ly  accompanied 

t h i s  de fo rmat ion .  

Low-Angle Fau l t s  

Low-angle f a u l t s  w i t h  d i v e r s e  senses o f  movement and v a r i a b l e  b u t  

denlonstrably l a r y e  l a t e r a l  d isplacements a re  d i s t i n c t i v e  s t r u c t u r a l  

f ea tu res  throuqhout  t he  R a f t  R i v e r  area ( t a b l e  TI and p l a t e  1 ) .  'They 

preceded, accompanied, and f o l l o w e d  t h e  major  metamorphic deformat ions. 
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F a u l t i n g  cons i s t s  dominant ly o f  t h r u s t i n g  o f  younger rocks over  o l d e r  rocks 

and t h e r e f o r e  suggests, as d o t h e m i n o r  s t r u c t u r e s  formed du r ing  the  

Dl and D2 rnetamorphic deformations, t h a t  considerable extension accompanied 

deformat ion i n  t he  R a f t  R iver  area. This i s  ev ident  i n  t he  near p a r a l l e l i s m  

of t h e  low-angle f a u l t s ,  bedding, D l  f o l i a t i o n s  and a x i a l  planes, and 

D2 e longa t i on  and f l a t t e n i n g  o f  bo th  minera l  grair ls and conglomerate, c l a s t s  

i n  t he  plane o f  bedding (Compton, 1972, 1975; M i l l e r ,  1978). Low-angle 

t-hruzt. fa111 t.5 are  known, h ~ t .  they are ijncnmmorl and t y p i c a l  l y  i nvol  ve recumbent 

f o l d  l imbs o r  l o c a l l y  juxtaposed al lochthonous sheets, as was noted by 

Compton and o thers  (1977) and M i l l e r  (1978). 

Subs tan t i a l  l a t e r a l  displacements along some o f  the  low-angle f a u l t s  

are i n d i c a t e d  by t e c t o n i c a l l y  e l im ina ted  t h i c k  s t r a t i g r a p h i c  successions, 

, b y  s i g n i f i c a n t  metamorphic d i s c o n t i n u i t i e s  between juxtaposed a1 lochthonous 
. . 

sheets o r  between a l l och thon  and autochthon,.by the  g r e a t l y  abbreviated and 

h i g h l y  at tenuated Precambrian Z (? ) -Pa leozo ic  s t r a t i g r a p h i c  sec t ion ,  and by 

t h e  presence o f  an ' a t y p i c a l  Cambrian ( ? )  sequence (Compton . 1973, 1975: 

Compton and o thers ,  1977; M i l l e r ,  1978). 

Considerable low-angle f a u l t i n g  apparent ly  predates o r  poss ib l y  coincides. 

w i t h  the  e a r l y  metamorphic deformation. This  i s  evidenced by the  general 

absence o f  b recc ia  o r  ph.yl loni  t e  i n  the  f a u l t  zones; by p a r a l l e l i s m  o f  f a u l t  

planes, bedding, and the  major D l  f o l i a t i o n ;  by the  l a c k  of d i s c o n t i n u i t i e s  

i n  me'tamorphic grade o r  i n  o r i e n t a t i o n  o f  minor s t r u c t u r e s  across many o f  

the  f a u l t s ;  and by comparable minera l  assemblages and metamorphic fab r i cs  

near and w i t h i n  f a u l t  zones ( ~ o n i ~ t o n  and o thers ,  1977; M i  1  l e r ,  1978). 

D i r e c t i o n  o f  t e c t o n i c  t r a n s p o r t  du r ing  t h i s  e a r l y  phase o f  low-angle f a u l t i n g  
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must be i n f e r r e d  f rom minor  s t r u c t u r e s  formed d u r i n g  D l  deformat ion.  S t y l e  

and vergence o f  Dl f o l d s  suggest metamorphic f lowage and accompanying t e c t o n i c  

t r a n s p o r t  on contemporaneous low-angle f a u l t s  was northwestward o r  westward 

approx imate ly  para1 l e l  t o  bedding (Compton and o the rs ,  1977; M i l l e r ,  1978). 

The amount o f  displacement i s  unknown. 

Low-anale f a u l t i n g  contemporaneous w i t h  metamorphism i s  i n d i c a t e d  l o c a l l y  

by a phy l  l o n i  t i c  ( r e c r y s t a l  1 i zed c a t a c l a s t i c  r o c k )  s c h i s t  o v e r l y i n g  t h e  E l  ba 

Q u a r t z i t e  (Compton, 1975). Th i s  s c h i s t  i s  l o c a l l y  cr imped and buck led  

on axes t h a t  t r e n d  east -west ,  and near  t h e  head o f  I n d i a n  Creek Canyon i s  

t r unca ted  by low-angle f a u l t s  t h a t  s t r i k e  east-west and d i p  30' sou th  

(Compton, 1975). Compton (1975) i n t e r p r e t e d  t h e  asymmetry o f  assoc ia ted  

metamorphic f o l d s  (D2) t o  i n d i c a t e  movement f rom south t o  n o r t h  on t h e  

" t h r u s t s " .  

Considerable post-metamorphic, low-angle f a u l t i n g  i s  e v i d e n t  th roughout  

t h e  R a f t  R i v e r  area. Unrnetamorphosed Oqui r r h  Format ion rocks  a r e  jux taposed 

alor lq low-angle f a u l t s  w i t h  metamorphosed e q u i v a l e n t s .  Moreover, t h e ,  

h i g h e s t  grade metamorphic rocks  o f  t h e  a l l o c h t h o n  t e c t o n i c a l l y  o v e r l i e  t h e  

lowes t  grade metamorphic rocks o f  t h e  autochthon. F i n a l l y ,  bo th  metamorphosed 

and unmetamorphosed Pa leozo ic  rocks a r e  t e c t o n i  c a l  l y  jux taposed w i t h  upper 

Miocene and P l iocene  b a s i n - f i l l  sediments, b u t  these  p a r t i c u l a r  low-angle 

f a u l t s  p robab ly  developed i n  P l iocene  t ime  i n  response t o  a rch ing ,  doming, 

and u p l i f t  o f  t h e  mountain ranges a long  h igh-ang le  f a u l t s .  Tec ton i c  

t r a n s p o r t  a long  t he  postmetamorphic low-angle f a u l t s  was eastward, as i s  

evidenced by no r th - sou th  t r e n d i n g  f o l d s  w i t h  eastward o v e r t u r n i n g  and 

assoc ia ted  i m b r i c a t e  " t h r u s t s "  and a l s o  by t h e  sense o f  o f f s e t  on assoc ia ted  

s t r i  ke -s l  i p  f a u l t s  (Compton, 1972).  Cont ras ts  i n  metamorphic grade o f  
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j ux taposed rocks  suggest h o r i z o n t a l  d isplacements of a t  l e a s t  30 km on 

sollie low-angle f a u l t s  o f  post lnetar~iorphic age (Compton and o the rs ,  1977).  

D a t i n g  o f  Deformat ional  Events 

Da t i ng  o f  t h e s e  va r i ous  deformat ions i n  t h e  s tudy  area i s  h indered  by 

e x t e n s i v e  e r o s i o n  .and cover ,  widespread T e r t i a r y  hea t ing ,  and seemingly 

ambiguous f i e l d  r e l a t i o n s  and r a d i o m e t r i c  age dates.  S t r a t i  g raph ic  

c r i t e r i a ,  d e p o s i t i o n a l  p a t t e r n s  and c h a r a c t e r i s t i c s ,  ages o f  s,ynkinematic 

and pos t k i nema t i c  i n t r u s i o n s ,  and " c o o l i n g "  ages ( K-Ar da tes )  o f  metamorphic 

r i i inera ls  and rocks  have been u t i l i z e d  by va r i ous  workers t o  develop a  

r e g i o n a l  syn thes i s  o f  o rogen ic  a c t i v i t y  i n  t h e  eas te rn .  Great Bas in  

(Misch,  1960; Stokes, 1960; Misch and Hazzard, 1962; Armstrong and 

Hansen, 1966).  A1 1  . o f  t h e  syntheses r e l y  on t he  appl  i c a t i o n  o f  s c a t t e r e d  

b i t s  o f  ev idence from seve ra l  areas t o  t h e  r e g i o n  as a  whole, which presumes 

t h e  o roqen ic  and p l u t o n i c  a c t i v i t y  were . reg iona1  i n  e x t e n t  and coeval  

th roughout  t h e  e n t i r e  r eg ion .  The w r i t e r  concurs w i t h  M i l l e r  (1978) who 

u rqed  c a u t i o n  i n  e x t r a p o l a t i n g  da ta  f rom one area t o  another .  

Cons idera t ions  o f  r e g i o n a l  s t r a t i g r a p h y  p l a c e  a  lower ,  o r  o l d e r ,  1  i m i  t 

on t h e  age o f  r e g i o n a l  ,metamorphism and de fo rmat ion  i n  t he  eas te rn  Great  

Bas in .  Misch and Hazzard (1962) ou t1  i n e d  t h e  ev idence f o r  metamorphism 

and de fo rmat ion  of  t h e  upper Precambrian through lower  T r i a s s i c  rocks  i n  

eas te rn  Nevada, and t h e y  argued t h a t  t h e  r e g i o n a l l y  ex tens i ve  and conformable 

sequence prec ludes an age o l d e r  than  e a r l y  T r i a s s i c  f o r  a . r e g i o n a 1  o rogen ic  

even t .  Whi le  i t  i s  acknowledged t h a t  t h i s  sequence i s  nowhere comple te ly  

MEIL.11 HESOURCE CONSULTANTS 



i n t a c t  i n  t h e  R a f t  R i v e r  area, and t h e r e f o r e  con fo rmi ty  may be quest ioned,  

t h i s  same argument i s  adopted because most, and perhaps a l l ,  o f  t h e  

recognized rock systems a re  represen ted  and g e n e r a l l y  occur  i n  t h e i r  

p roper  s t r a t i g r a p h i c  o rde r ,  except  where t e c t o n i c a l l y  e l i m i n a t e d  a l ong  

low-angle f a u l t s  o r  s t r a t i g r a p h i c a l l y  i n v e r t e d  due t o  recumbent f o l d i n g  

( t a b l e  I). 

An upper, o r  younger, 1 i m i  t on t h e  age o'f r e g i o n a l  metamorphism and 

de fo rmat ion  i n  t h e  s tudy  a ream igh t .  l i k e w i s e  be i n f e r r e d  f rom r e g i o n a l  

s t r a t i g r a p h i c  evidence. Th i s  i s ,  however, a much more tenuous, approach. 

Accord ing t o  ~ r r n s t r o n g  and Hansen (1966),  l owe r  Cretaceous rocks  unconformably 

over1 i e deformed Pal eozoi  c rocks  i n  severa l  areas o f  eas te rn  Nevada, 

sugges t ing  t h a t  r e g i o n a l  defor~na' t ' ion had ceased by e a r l y  Cretaceous t ime.  

Inasmuch as these lower  Cretaceous rocks  have a very  r e s t r i c t e d  d i s t r i b u t i o n ,  

compared w i t h  t h e  conformable l a t e  Precambrian th rough e a r l y  T r i a s s i c  rocks ,  

they  rllay have accumulated i n  l o c a l  bas ins  r a t h e r  than  i n  t h e  r e g i o n a l l y  

ex tens i ve  C o r d i l l e r a n  geosync l ine.  Thus, deep de fo rmat ion  and r e g i o n a l  

metamorphism may have con t inued  cons ide rab l y  l onge r ,  as was recogn ized  

by M i l l e r  (1978) .  W i t h i n  t he  s tudy  area, t h e r e  a r e  no Mesozoic rocks  

younger than t he  Lower T r i a s s i c  mar ine l imes tone  ment ioned by Todd (1973).  

Evidence w i l l  be presented subsequent ly  which i l l u s t r a t e s  t h e  f a l l a c y  o f  

e x t r a p o l a t i n g  data f rom one l o c a l i t y  t o  ano ther ,  as m igh t  be done here,  

t o  f i x  an upper age l i m i t  on de fo rmat ion  and metamorphism. 

Pos tk inemat ic  p l u tons  which have been da ted  r a d i o m e t r i c a l l y  occur  

a t  a number of  l o c a l i t i e s  i n  eas te rn  Nevada as w e l l  as w i t h i n  t h e  R a f t  

R i v e r  area. Because thesep lu tons  c u t  across o rogen ic  s t r u c t u r e s  and 

regional ly~netar i~orphosedupper  Precambrian and Lower Pa leozo ic  rocks ,  r a d i o -  



m e t r i c  dates on. them pe rm i t  a  ref inement  i n  i n t e r p r e t a t i o n  o f  age of 

deformation and- r e g i o n a l  metamorphism. The age data summarized by 

Armst'rong and Hansen (1966) and Armstrong (1972, 1975, 1976) c l e a r l y  

i n d i  i a t e  t h a t  r e g i o n a l  metamorphism and deformat ion i n  eas tern  Nevada 

was concluded by e a r l y  Cretaceous t ime. These and more recent  rad iome t r i c  

age data a re  summarized i n  t a b l e  I 1 1  and w i l l  be discussed i n  more d e t a i l  

. l a t e r .  

W i t h i n  t h e  R a f t  R i v e r  area, bo th  synkinematic and pos tk inemat ic  

p lutor is  a re  known and r a d i o m e t r i c a l l y  dated. The ~ i p o n ' t  Mountain i n t r u s i o n  

and t h e  Midd le  Mountaim i n j e c t i o n  complex, bo th  l o c a t e d ' . i n  the  Grouse 

Creek Mounta ins,  a re  synkinematic i n t r u s i o n s  as evidenced by d i s t i n c t  

1  i n e a t i o n s  w i t h  t rends  para1 l e l  t o  D2 metamorphic s t r u c t u r e s  i n  adjacent  

coun t r y  rocks (Compton arid o thers ,  1977; Armstrong, 1976). Both of  these 

i n t r u s i o n s  occur  i n  t h e  westernmost, h ighes t  metamorphic grade exposures 

of t h e  autochthon. Compton and o the rs  (1977) were u n a b l e ' t o  o b t a i n  

unambiquous age 'data f o r  t he  Vipont  Mounta in .p lu ton .  ,However, Armstrong 

(1976) repo r ted  01 igocene Rb-Sr ages f o r  t h e  Middle Mountain i n j e c t i o n  

complex. Thus, t h e  second (D2) metamorphic deformat ion i n  t he  Grouse 

Creek Mountains, and probably  elsewhere i n  t he  s tudy area as w e l l ,  was 

apparent ly  s t i l l  underway du r i ng  Oligocene t ime.  This  conc lus ion  i s  

supported by geo log ic  re1  a t i o n s  and age dates o f  postk inemat ic  p l  utons. 

Postk inemat ic  p lu tons  a l s o  occur  i n  t he  s tudya rea  and i nc lude  t h e  

Immigrant Pass i n t r u s i o n - ,  Almo p lu ton ,  and Red B u t t e  s tock.  The Immigrant 

Pass i n t r u s i o n  and Red B u t t e  s tock  a r e  l oca ted  i n  t h e  Grouse Creek 

Mountains, whereas t h e  'Almo p l u t o n  i s  l oca ted  i n  the  A lb ion  Range. T h e i r  
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Table111 . R a d i o m e t r i c  age d e t e r m i n a t i o n s  o f  p n s t k i n e m a t i c  p l u t o n s  and o f  metamorphic r o c k s  and m i n e r a l s  i n  t h e  
W 
I e a s t e r n  Great  Bas in  and t h e  Raf t  R i v e r  a r e a  

REFERENCE 

Armst rong & Hansen, 1966 
R iva ,  1970 
McDowell , 1971 
S lack ,  1974 
Mauger and o t h e r s ,  1968 
Mauger and Others ,  1968 
McDowell and Ku lp ,  1967 
Thorman, 1965 
Mauger and o t h e r s ,  1968 
K i s t l e r  & Wi lden,  1969 
Arms t rong  , 1 970 
Armst rong & Hansen (1  966) 
Snoke, 1975 
Snoke, p e r s .  comm. , 1978 
Mauger and o t h e r s ,  1968 
Lee and o t h e r s ,  1970 
Lee and o t h e r s ,  1970 
Armstrong & Suppe, 1973 

McDowell , 1971 
Armstrong,  1976 
Armstrong and M i  11 e r  ( 1  967) 
Armstrong,  1976 
Armstrong,  1976 

Mauger and o t h e r s ,  1968 

Compton and o t h e r s ,  1977 
Compton and o t h e r s ,  1977 - 

I LOCAT I3N 

NEVADA 
D o l l y  Varden Flts. 
HD Range 

Delano Mts .  
S c h e l l  Creek Mts .  
Deep Creek Mts 
E l y  a rea  
Ruby Mts .  

Southern  Snake Range 

Snake Range 

RAFT RIVER COIIPLEX 
A l b i o n  Mounta ins  
Almo P l  u t o n  

metasediments 
mi gma t i t e s  
R a f t  R i v e r  Mts .  
metasediments 
Grouse Creek Mts .  
p l  u tons  

METAMORPHIC MINERAL 

K- A r  

39 ( w r )  
29-22 ( 3 )  

43-18 
25-29 ( 2 )  

219-13 ( 3 )  

27-40 ( 4 )  
259-22 ( 9 )  

162-24 ( 2 0 )  
80-16 ( 1 1 )  

41,38 ( b )  

POST KINEMATIC INTRUSION 

Other  

36 ( f t )  

29-16 (Rb-Sr) 

K- A r  

125 (b+h)  
150 
147, 140 
135 ( b )  

109 ( 6 )  

32 
125, 105 ( b )  

154 (m) 
125, 105 ( b )  
151-17 ( 2 8 )  

81, 82 (m) 

23-25 ( 2 )  
22-16 ( 1 9 )  

o t h e r  

160 (Pb- ) 

110, 35 ( 2 4 )  
(Rb-Sr)  

2213-40 (Pb- ) 
151-90 (Rb-Sr)  

28 (wr ,  Rb-Sr) 
30 (wr,  Rb-Sr) 

38 (wr ,  Rb-Sr) 
25 (wr ,  Rb-Sr) 



Rb-Sr whole- rock ages, a r e  38, 30 and 25 m.y., r e s p e c t i v e l y  (Compton 

.and o the rs ,  1977) ; A r r n s t r o n ~  and H i  11s , 1967). Geolog ic  r e l a t i o n s  w i t h i n  

and ad jacen t  t o  t he  Red B u t t e  s tock  a r e  i n s t r u c t i v e .  A l i gned  b i o t i t e  c r y s t a l s  

d e f i n e  a  weak f o l i a t i o n ,  and b i o t i t e ,  qua r t z ,  and f e l d s p a r  c r y s t a l s  

i m p a r t  a  f a i n t  1 i n e a t i o n  i n  t h e  she1 1  o r  pe r ime te r ,  b u t  n o t  i n  t h e  core  

o f  t h e  body (Todd, 1973; Compton and o the rs ,  1977).  Over a  h o r i z o n t a l  

d i s t a n c e  o f  4 6 0 m e t e r s  .below t h e m i d d l e  a l loch thonous  sheet ,  t h e  i n t r u s i o n  

i s  s t r o n g l y  gnei  ssose, marked by mi c r o f o l d s  and 1  i rleated ril'i n e r a l  , gr'airls , 

and m y l o n i t i z e d ,  w i t h  f a b r i c  elements p a r a l l e l i n g  those o f  t h e  second (D2)  

metamorphic de fo rmat ion  i n  nearby coun t r y  rocks  (Compton and o the rs ,  1977).  

Thermal metamorphism o f  rocks i n  t h e  midd le  sheet  i s  bo th  pronounced and 

conspicuous ove r  a d i s t a n c e  o f  750 meters f rom t h e  s tock  b u t  r ocks  o f  t h e  

upper sheet,  l o c a t e d  o n l y  200 meters above t h e  p l u t o n ,  e x h i b i t  no thermal 

metamorphism, acco rd ing  t o  Compton and o the rs  (1977) .  From these  observa t ions ,  I 

Co~~ ip ton  and o the rs  (1977) concluded t h a t  i n t r u s i o n  and c r . y s t a l l i z a t i o n  o f  

t h e  Red D u t t e  s tock  co inc ided  w i t h  movement on t h e  m idd le  low-angle f a u l t  

and w i t h  t h e  second ( D 2 )  metamorphi c  de fo rmat ion  b u t  p reda ted  emplacement 

o f  t h e  upper a l l o c h t h o n o u s - s h e e t .  

Geolog ic  r e l a t i o n s  i n  and ad jacen t  t o  t h e  o t h e r  pos t k i nema t i c  p l u tons  

a r e  i n f o r m a t i v e  b u t  y i e l d  l e s s  d e f i n i t i v e  and even somewhat ambiguous r e s u l t s .  

The Immigrant Pass i n t r u s i o n ,  p r e v i o u s l y  named t h e  Grouse Creek p l u t o n  by 

Baker (1959),  i n t r u d e d  and metamorphosed rocks o f  t h e  m idd le  a l loch thonous  

shee t .  I t  c u t s  across n o r t h e a s t - t r e n d i n g  metamorphic f o l d s  of t he  f i r s t  ( D l )  s e t ,  

and i s  o v e r l a i n  t e c t o n i c a l l y  ( ? )  by unmetamorphosed rocks  o f  t h e  upper 

shee t  (Conipton and o the rs ,  1977). The age r e l a t i o n  between t h e  p l u t o n  
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and the  younger (D2) s e t  o f  metamorphic f o l d s  was n o t  es tab l ished,  

a1 though .the p l  u ton e x h i b i t s  no ~neta~l iorphic  f a b r i c s  (Con~pton and ot.hers , 

1977). Anllstrong (1970) obta ined a  K - A r  b i o t i t e  age o f  23 111.y. on granod.ior.i tc) 

fro111 the northwestern lobe o f  the  I n ~ ~ n i q r a n t  Pass i n t r u s i o n ,  b u t  i t  i s  n o t  

known whether t h i s  age r e f l e c t s  pr imary c r y s t a l l i z a t i o n  o r  l a t e r  heat ing.  

I n t e r p r e t a t i o n  o f  these geologic  r e l a t i o n s  leads t o  ' the conclus ion t h a t  

i n t r u s i o n  and c r y s t a l l i z a t i o n  o f  t h e  Immigrant Pass p l u t o n  fo l l owed  t h e  

f i r s t  (Dl ) metamorphic deformation and the  emplacement o f  the  middle (and 

presuniabl y the  lower)  a1 lochthonous sheet b u t  apparent ly  preceded movement 

a long the  upper low-angle f a u l t  and emplacement o f  t he  upper al lochthonous 

sheet.  

Several o the r  b i t s  o f  i n fo rma t ion  bear ing on the  ages of deformat ion 
' 

and reg iona l  ~netaniorphism i n  the  study area m e r i t  d iscussion.  The Almo 

p lu ton ,  dated by Rb-Sr methods a t  30 m.y., e x h i b i t s  no p e n e t r a t i v e  deformat ion 

b u t  cuts across metasedimentary rocks w i t h  Dl and D2 fab r i cs  . i n  t he  A lb ion  

Range (Arms t rung  and H i  11 s  , 1967). K - A r  ages on metamorphi c  minera ls  developed 

i n  assoc ia t ion  w i t h  the  in tense D2 phase range from 70 t o  80 m.y., d a t i n g  the  

second metamorphic deformation as somewhat o l d e r  than l a t e  Cretaceous 

(Armstrong and H i  1  1s , 1967). 

Considerat ion o f  the age data summarized i n  t a b l e  I 1 1  revea ls  a  wide 

ranqe o f  rad iomet r i  ca l  l y  determined ages ( f rom Jurass ic  t o  middle T e r t i a r y )  

f o r  metamorphic minera ls  and rocks i n  the  eastern Great Basin, i n c l u d i n g  

the Raf t  R iver  area. The predominance o f  young dates, approximately 100 m.y. 

younger than the  age o f  metamorphism and deformat ion i n f e r r e d  on s t r a t i g r a p h i c  

evidence, i s  noteworthy. Armstrong and H i l l s  (1967) and Mauger and o thers  

(1968) i n t e r p r e t e d  t h i s  discrepancy t o  mean t h a t  t he  rocks had experienced 

an e a r l y  p r o t r a c t e d  h igh  temperature h is to r -y  and a  l a t e  coo l i ng  phase 

immediately be fore  o r  du r ing  Basin and Range up1 i f t .  This i n t e r p r e t a t i o n  
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i s  compatible with data from the study area. Fission track ages on 

sphene and apa t i te  from Precambrian W adamellite and schis t  and from 

Ordovician marble (Pogonip) in the Raft River Range suggest that  these 

rocks were a t  nletamorphic temperatures (400' C )  as recently as Miocene 

time (Compton and others ,  1977). Chemical mobi 1 i ty and, presumably, 

elevated temperatures also existed in l a t e  Miocene time in the Grouse Creek 

Mountains as evidenced by 8 to  1 1  m.y. old Rb-Sr b io t i t e  whole-rock ages 

on Precarnbri an W adame l 'I i t e  (Compton and others,  1977). 

~ n t e r ~ r e t a t i o n  of the previously described geology , fie1 d re1 ations , 

and radiometric age data to yield a consistent chronology of deformation 

events in the Raft River area i s  obviously not without ambiguity. 

Collectively speaking, however, the data and observations permit the 

conclusion that  major deformation and metamorphism occurred sometime during 

l a t e  Triassic to  l a t e  Cretaceous time and that  minor metamorphic deformation, 

recrystal 1 i  zation ,di ffussi  on ,  isotopic exchanqe ., and elevated tentperatures 

continued from l a t e  Crel;aceous unt i l  l a t e  Miocene time. 

Metamorphic folds and penetrative fabrics developed duri'ng the f i r s t  phase 

(Dl) of duct i le  deformation clearly predate intrusion of the 38 m.y. old 

Immigrant Pass pluton since,  according to  Compton and others (1977), 

the intrusion cuts across carsly tnetamorphic folds in the southern Grouse 

Creek Mountains. Moreover, th i s  early phase of metamorphic deformation 

probably occurred sometime during the interim l a t e  Traiss ic  to  pre-late 

Cretaceous time based on considerations of regional and local stratigraphy, 

Jurassic age dates on metamorphic minerals from rocks within and beyond 

the study area,  re la t ive  ages of Dl and D2 fabr ics ,  and the l a t e  Cretaceous 

K-Ar ages of D2 minerals in the A1 bion Range. 
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The second (02)  phase o f  d u c t i l e  deformat ion must be somewhat o l d e r  

than l a t e  Cretaceous age, based on K-Ar ages o f  D2 metamorphic minera ls ,  

bu t  apparent ly  cont inued a t  l e a s t  l o c a l l y ,  u n t i l  l a t e  Oligocene t ime,  as 

evidenced by geo log ic  r e l a t i o n s  w i t h i n  and ad jacent  t o  t he  25 m.y. o l d  

Red Bu t te  s tock .  Both t h i s  i n t e r p r e t a t i o n  and those o f  prev ious i n v e s t i g a t o r s  

ignore  the  ambiqui ty  created by the  absence o f  a  reg iona l  D2 f a b r i c  i n  t h e  

38 m.y. o l d  Immigrant Pass i n t r u s i o n .  A s a t i s f a c t o r y  exp lanat ion  i s  obv ious l y  

l a c k i n q .  Perhaps the  p e n e t r a t i v e  f a b r i c  i n  t h e  s h e l l  o r  per imeter  of t h e  

Red Bu t te  s tock  merely r e f l e c t s  a  l o c a l  c o n t i n u a t i o n  o f  a  prev ious reg iona l  

s t ress .  Notwi thstanding t h i s  exp lanat ion ,  however, t he  ambigui ty  s t i l l  

remains, because the  Middle Mountain i n j e c t i o n  complex e x h i b i t s  t h e  D2 

f a b r i c  and a l s o  y i e l d s  Oligocene Rb-Sr age dates (Armstrong, 1976). 

Geometry and s p a t i a l  d i s t r i b u t i o n  o f  D3 s t r u c t u r e s  i n d i c a t e  t h a t  they ' 

a re  l o c a l  s t r u c t u r e s  r e l a t e d  t o  format ion and u p l i f t  o f  t h e  var ious  gneiss 

domes (Armstrong, 1968a; M i l l e r ,  1978). St rong v e r t i c a l  u p l i f t  and doming 

du r i ng  l a t e  T e r t i a r y  t ime i s  a l s o  recorded by the  a r e a l l y  widespread and 

cons i s ten t ,  i nve r ted ,  c l a s t  s t r a t i g r a p h y  recoqnized by Compton and o thers  

(1977) i n  t he  upper Miocene and Pl iocene b a s i n - f i l l  sediments. S i g n i f i c a n t  

u p l i f t  and eros ion  i s  l i k e w i s e  i n d i c a t e d  by the  presence of P l iocene 

vo l  cani cs r e s t i n g  on metamorphosed rocks i n  t h e  A1 b i  on Range (Mi 11 e r  , 1978). 

I n c i p i e n t  doming and v e r t i c a l  u p l i f t ,  t h e r e f o r e ,  predate upper Miocene 

sediments and vo lcan ics  and are  probably  r e l a t e d  t o  postk inemat ic  i n t r u s i o n s  

o f  01 i gocene age, as suggested by M i  1  l e r  (1978). 

The k i n k  f o l d s  necessa r i l y  postdate fo rmat ion  o f  t he  gneiss domes because 

they are unaf fected by the  domes ( M i l l e r ,  1978). They probably  formed 
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dur ing  ex tens ive  low-ang le  f a u l t i n g  and eastward t e c t o n i c  t ranspor t  which 

emplaced unmetamorphosed Paleozoic rocks sometime du r ing  the  i n t e r i m  10 

. . 
t o  25 rn.y. ago. Th i s  i s  compatible w i t h  the observat ions o f  Armstrong 

(1968a) who-be l ieved . t h a t  they developed du r ing  the  waning stages o f  

deformat ion and r e f l e c t e d  re t rograde metamorphism. Continued u p l i f t  and 

eros ion  d u r i n g  P l iocene and P le is tocene t ime i s  i n d i c a t e d  by fo lded  

Miocene and P l iocene b a s i n - f i l l  sediments, t he  y o u t h f u l  topography and 

deep d i s s e c t i o n  o f  the mountain ranges, and numcrous bazin--and-range type 

f a u l t s  w i t h  s i g n i f i c a n t  v e r t i c a l  displacements. 

Considerable low-angle f a u l t i n g  i s  i n f e r r e d  t o  have predated 

metamorphism, f o r  the  reasons p rev ious l y  described. Thus, a  l a t e  T r i a s s i c  

t o  p o s s i b l y  l a t e  Cretaceous age, i s  i m p l i e d  f o r  t he  lower and, presumably, 

o l d e r  a l lochthonous sheet.  Movement o f  the middle sheet necessa r i l y  

occurred before  38 n1.y. ago, cont inued du r ing  middle T e r t i a r y  t ime, and 

presumably ceased s h o r t l y  a f t e r  25. m.y. ago. The Upper sheet,  cons i s t i ng  

main ly  o f  unmetamorphosed Oquir rh Formation and younger rocks,  was c l e a r l y  

emplaced a f t e r  the  metamorphic f a b r i c s  and minera l  assemblage developed. 

Eastward movement was probably accomplished l a r g e l y  a f t e r  25 m.y. b u t  

be fore  depos i t i on  o f  upper Miocene and Pl iocene b a s i n - f i l l  sediments and 

volcanics . as suggested by the  i n v e r t e d  c l a s t  s t r a t i g r a p h y .  

The low-angle f a u l t s  a long which metamorphosed and unmetamorphosed 

rocks are juxtaposed w i t h  upper Miocene and Pl iocene b a s i n - f i l l  sediments 

are probably very young and r e l a t e d  t o  arching,  doming, and u p l i f t  

o f  t he  major mountain ranges a long h i  gh-angle f a u l t s .  These low-angle 

f a u l t s  a re  probably Pl iocene i n  age and formed e a r l y  du r ing  the  l a t e s t  phase 



m v e r t i c a l  t e c t o n i c s  t h a t  occurred a long t h e  h igh-angle basin-and-range type  

f a u l t s .  The h igh-angle f a u l t s  c u t  upper Miocene and Pl iocene sediments, 

P l  iocene vo l  canics, and P le is tocene b a s i n - f i  11 sediments and are, 

t he re fo re ,  P l iocene t o  Recent i n  age. 

Elevated temperatures have a f f e c t e d  t h e  metamorphosed and deformed 

rocks o f  t he  R a f t  R iver  complex f o r  n e a r l y  200 m.y. and on l y  i n  t h e  l a s t .  

10 m.y. o r  so, i n  response t o  pronounced v e r t i c a l  u p l i f t .  and r a p i d  

e ros ion ,  have the  deformed rocks cooled below metamorphic temperatures. 

L o c a l l y  , e leva ted  temperatures p e r s i s t  a t  depth i n  t he  basement complex, 

as i s  evidenced by the  nearby moderate-temperature' R a f t  R i ve r  geothermal 

f i e l d .  The geothermal p o t e n t i a l  o f  metamorphic core complexes i s  an 

i n t r i g u i n g  b u t  uneval uated sub jec t .  
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Geologic H i  s t o r y  Summary 

A syn thes is  o f  ma jor  geo log ic  events i n  chrono log ica l  o rder  may 

a s s i s t  the  reader  i n  comprehending the  maze o f  geo log ic  da ta  presented 

i n  preceding sec t i ons  o f  t h i s  r e p o r t .  The geo log ic  h i s t o r y  i nvo l ves  

l eng thy  per iods  o f  subsidence and sedimentat ion punctuated by deformations 

o f  orogenic  i n t e n s i  t y .  The r e s u l t i n g  complex i t ies  a re  g r e a t e r  than 

e l u c i d a t e d  i n  t h e  f o l l o w i n g  b r i e f  comments. Perhaps t h e  most noteworthy 

aspect o f  t h e  geo log ic  h i s t o r y  i s  t he  leng thy  per iod ,  approx imate ly  

200 m.y., f o r  which these rocks were sub jec t  t o  metamorphic temperatures 

(400 t o  500' C o r  h i g h e r ) .  

The geo log ic  h i s t o r y  represented i n  t h e  R a f t  R i v e r . a r e a  began sometime 

be fo re  2.5 b .y .  ago w i t h  depos i t i on  o f  t e x t u r a l l y  and compos i t i ona l l y  

immature Archean sediments . cons i s t i ng  predomi n a n t l y  o f  a r g i  11 aceous , I 

f e l d s p a t h i c ,  and quar tzose sands, s i l t s ,  muds, and pebbly t o  cobbly muds, 

and subord inate t u f f s  and flows o f  maf ic  composit ion. Thickn'ess o f  Archean 

sediments l o c a l l y  exceeds 300 meters (1000 f t . )  b u t  i s  o therw ise  unknown. 

Depos i t ion  was probab ly  i n  low t o  moderate energy environments i n  a  marine 

bas in  o f  unknown, b u t  probably  reg iona l  , ex ten t .  Sometime a f t e r  deposi ti on 

t h e  sediments were deformed, f i r s t  by i n t r u s i o n  o f  s i l l s ,  d ikes ,  and p lugs 

o f  diabase and gabbro, and subsequently by adame l l i t e  bodies o f  b a t h o l i t i c  

dimensions (2.5 b.y .  ) . Regional metamorphism accompanied, o r  fo l lowed,  

reg iona l  p lu ton ism.  S i g n i f i c a n t  u p l i f t  and eros ion  t h e r e a f t e r  r e s u l t e d  

i n  development o f  a  profound reg iona l  unconformi t y  on rocks o f  t he  Green 

Creek Complex. 
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Sometime f o l l o w i n g  2.5 b.y. ago te r r igenous sedimentat ion began on t h e  

deformed., s t a b i  l i z e d ,  .and eroded per imeter  o f  the  Archean craton.  

Fel dspath i  c  and quartzose sands, quartzose conglomerate; s i  1  t s  , and ~iiuds 

accumulated t o  thicknesses exceeding 650 meters and forked what appears 

t o  be a  dominant .1~ t ransgress ive  marine sequence, w i t h  perhaps minor 

regress ive  episodes represented by the  conglomerate member o f  t he  El  ba 
. . .  

and Yost ~ u a r t z i  tes .  Between depos i t i on  o f  the  Precambrian Z ( ? )  sediments 

( lower  subgroup rocks)  and depos i t i on  o f  t he  Precambrian' X ( ? )  sediments 

(middle subgroup rocks) ,  a gap occurs i n  the  geologic  record  of the  Raf t  

R iver  area because nowhere are  these rocks observed i n  contac t  w i t h  each 

o ther .  Thus, du r ing  t h i s  pe r iod  of t ime the  geo log ic  h i s t o r y  must be 

i n f e r r e d  from considerat ions o f  reg iona l  geology. Obviously,  the  i n f e r r e d  

events may n o t  have occurred i n  t he  study area. 

About 1.6 t o  1.7 b.y. ago the  i n f e r r e d  c o r r e l a t i v e s  o f  the  Green Creek 

Con~plex and the  .Precambrian X ( ? )  subgroup, the  Farmi ngton Canyon Complex 

and the  Facer Creek  orm mat ion, respec t i ve l y ,  i n  c e n t r a l  and nor theas tern  

Utah, were deformed a i d  metamorphosed. These rocks were subsequently 

u p l i f t e d  and eroded. They presumably served as t h e  source f o r  t he  t h i c k  

(4900 meters) t e r r i  genous c l  a s t i  cs o f  Precambrian Y age, t he  B i g  

Cottonwood-Uinta Mountain sequence, which accumulated i n  an east-west 

t rend ing  bas in  co inc iden t  w i t h  c e n t r a l  Wasatch Range and the  U in ta  

Mountains . Fol 1  owing depos i t i on  these rocks were folded', up1 i f t e d ,  and 

eroded. 

Well dated and r e g i o n a l l y  co r re la ted ,  t h i c k  (4,500 - 7,600 meters) 

Precambrian Z sequences were der ived f rom the  deformed and u p l i f t e d  o l d e r  

Precambrian rocks. . Th is  i s  evidenced by d i s t i n c t i v e  l i t h ' o l o g i e s  i n  c l a s t s  
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o f  t h e  Precambrian Z conglomerates, t i  1 li tes ,  and d i a m i c t i  t e s ,  and by t h e  

col11111orll y observed angu la r  d iscordance between t h e  Precambrian Z rocks  and t he  
rnC 

o l d e r  Precanlbrian rocks  upon which they  r e s t .  Except f o r  l o c a l  o r  
. . 

r e g i o n a l  . .d i scon fo rmi  t i e s ,  t h e  Precambrian Z, Pa leozo ic  , and T r i a s s i c  rocks  

f o rm  a r e g i o n a l l y  ex tens i ve  and g e n e r a l l y  conformable sequence th roughout  

t h e  eas te rn  Great  Bas in ,  a t t a i n i n g  composite th icknesses g r e a t e r  than  15,000 

meters .  The Precambrian Z rocks a r e  mos t l y  t e r r i genous  sediments ,  whereas 

t h e  Pd leozo ic  and T r i a s s i c  rocks a r e  dominant ly  carhnnates.  Depos i t i on  was 

l a r g e l y  i n  low t o  h i g h  energy mar ine environments of  t h e  Cord i  1 l e r a n  miogeo- 

s y n c l i n e .  Deep subsidence and t h i c k  mar ine sed imenta t ion  were t h e  

dominant processes 200 t o  800 m.y. ago. 

By e a r l y  T r i a s s i c  t ime  t h e  base o f  t h e  Precambrian was a l r eady  

sub jec ted  t o  metamorphic temperatures, assuming a normal geothermal g r a d i e n t  

o f  30' C/krn, and de fo rma t i on  was p robab ly  a l r eady  i n  progress.  Low-angle I 

f a u l  t i  ng preceded and/or  accompanied slow r e g i o n a l  up1 i f t  , and metamorphi c 

f lowage commenced t o  produce t he  Dl s t r u c t u r e s  and f a b r i c  sometime d u r i n g  

l a t e  T r i a s s i c  and e a r l y  J u r a s s i c  t ime.  Cont inued r e g i o n a l  up1 i f t ,  i n c r e a s i n g  

temperature,  and changing s t r e s s  d u r i n g  E a r l y  J u r a s s i c  t o  La te  Cretaceous 

t i m e  promoted con t inued  low-angle f a u l t i n g  and metamorphic f lowage t h a t  

f a c i l i t a t e d  development of t h e  D2 s t r u c t u r e s  and f a b r i c .  Thus, cons iderab le  

low-angle f a u l t i n g  and most o f  t h e  r e g i o n a l  metamorphic de fo rmat ion  occur red  

d u r i n g  La te  T r i a s s i c  t o  La te  Cretaceous t ime,  d u r i n g  which t ime  s i g n i f i c a n t  

r e g i o n a l  u p l i f t  and t h i n n i n g ,  b o t h  t e c t o n i c  and e ros iona l ;  o f  t h e  

Pa leozo ic  and ~ e s o z o i c  cover  a l s o  took  p lace .  

W i t h i n  t h e  Raf t  R i v e r  area, metamorphic temperatures, low-angle 

f a u l t i n g ,  i n t r u s i o n ,  and, a t  l e a s t  l o c a l l y  i n  t h e  Grouse Creek ~ o u n t a i n s ,  

0. 
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D2 deformation continued from Late Cretaceous through 01 igocene time. 
. . 

During Late 01 igocene to  Early Miocene time, postkinematic plutons 

penetrated t o  suff ic ient ly  shallow levels ,  to  cause the s t i  11 hot and 

plast ic  gneisses and schis ts  to  dome above them. This caused flowage 

outward away from the apex of the r is ing gneiss domes and downward toward 

adjacent rim synclines and basins. Strong uplift , .continued folding, 

s ignif icant  low-angle faulting with eastward movement of a1 lochthonous 

sheets,  and widespread volcanism were largely contemporaneous deformations 

during Late Oligocene and Miocene time. 

Rapid upl i f t  and tectonic unroofing in i t ia ted  cooling and increased 

erosion. This also led to  deposition of extensive, thick (2,500 meters), 

volcaniclastic,  f luvial-lacustrine sequences of l a t e  Miocene and Pliocene 

age. High-angle faulting was not pronounced during early sedimentation, 

as i s  suggested by the widespread and consistent inverted c l a s t  

stratigraphy in these sediments, b u t  i t  assumed increasing importance 

t h e r e a f t e r .  Arching and doming of the major ranges continued along 

hi gh-angle fau l t s  during Pliocene and Pleistocene time. During the 

early phase of strong u p l i f t ,  low-angle fau l t s  developed along l i thologic  

or structural discontinuities and f ac i l i t a t ed  tectonic denudation of the 

ranges and empl acement of a1 lochthonous sheets on upper Miocene and Pl iocene 

basin-fil l  sediments. Continued up l i f t  along high-angle fau l t s  and 

accompanying erosion during Pleistocene and Recent time produced the 

present landscape. 
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POTENTIAL HOST ROCKS 

Background 

Recogni t ion.  o f  u r a n i f e r o u s  conglomerate and q u a r t z i t e  i n  metasedimentary 
. . 

sequences i n  t h e  Med ic ine  Bow-Sierra   ad re Mountains o f  Wyoming by G r a f f  

and Houston (1977) and i n  t he  B lack  H i l l s  o f  South Dakota by H i l l s  (1977) 

prompted BFEC g e o l o g i s t s  t o  conduct l i t e r a t u r e  s t u d i e s  and a b r i e f  f i e . ~ d  

reconnaissance o f  o t h e r  areas i n  t h e  Wyoming Precalnbrian Prov,ir~ce. S e l e c t i o n  

o f  t h e  R a f t  R i v e r  area f o r  s tudy was based on r e p o r t e d  occurrences o f  

Archean, o r  Precambrian W, metasedimentary and g r a n i t i c  rocks ,  t h e  presence 

o f  a p ro found  r e g i o n a l  unconformi t y  between Archean rocks  and o v e r l y i n g  

Precambrian X ( ? )  metasedimentary rocks ,  and pub1 i shed  d e s c r i p t i o n s  

o f  Precambrian X ( ? )  pebble conglomerates and q u a r t z i t e s  g e n e r a l l y  

s i m i l a r  i n  c h a r a c t e r  t o  those o f  t h e  E l l i o t  Lake and B l i n d  R i v e r  areas. 

The t a r g e t  l i t h o l o g i e s  s e l e c t e d  f o r  emphasis d u r i n g  t h e  f i e l d  reconnaissance 

and. geochemical sampl i n y  , 1 i s t e a  i n  decreas ing o r d e r  o f  p r i o r i t y  , inc luded  

t h e  conglomerate and q u a r t z i t e  f a c i e s  o f  t h e  Green Creek CompTex,'the 

E lba  Q u a r t z i t e ,  and t h e . Y o s t  Q u a r t z i t e .  Secondary t a r g e t s  t h a t  m igh t  h o s t  

o t h e r  types o f  uranium depos i t s  i n c l u d e d  t h e  Archean a d a m e l l i t e  and t h e  

p a l e o r e g o l i  t h  a t  t h e  base o f  t h e  Elba Q u a r t z i t e .  

The prima.ry o b j e c t i v e  o f  t h e  p resen t  s tudy  was a c q u i s i t i o n  o f  s u f f i c i e n t  

geo log i c ,  r a d i o m e t r i c ,  and geochemical data t o  eva lua te  t h e  p o t e n t i a l  

o f  t h e  h i  gh p r i o r i  ty t a r g e t  1 i t h o l o g i e s  t o  h o s t  P r o t e r o z o i c  quar tz-pebbl  e 

conglomerate uranium depos i t s .  The methods o f  i n v e s t i g a t i o n  u t i l i z e d  

t o  ach ieve t h i s  o b j e c t i v e  i nc l uded  f i e l d  reconnaissance, measurement, 

and s e l e c t  sampl ing o f .  s t r a t i g r a p h i c  sec t i ons  o f  t h e  t a r g e t  u n i t s ,  
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measurements o f  n a t u r a l  r a d i a t i o n ,  and a r e a l  geochemical sampl i ng o f  t a r g e t  

u n i t s ,  s t ream sediments, and su r f ace  waters  (streams, sp r i ngs ,  and a  few sha l l ow  

w e l l s ) .  The r e s u l t s  o f  t h e  f i e l d  reconnaissance and t h e  measured s t r a t i g r a p h i c  

sec t i ons  a r e  r e p o r t e d  i n  t h e  f o l l o w i n g  pages whereas t h e  r e s u l t s  o f  t h e  geo- 

chemical sampl ing a r e  d iscussed i n  a  subsequent sec t i on .  The d i s t r i b u t i o n  o f  

major  l i t h o s t r a t i ' g r a p h i c  u n i t s  o f  Precambrian W and X ( ? )  age a r e  shown on p l a t e  1. 

Green Creek Complex 

Arnis t r o n g  (1  968a) proposed t h e  fornial  nanie Green Creek Conipl ex f o r  exposures 

of  gneiss,  s c h i s t ,  amph ibo l i t e ,  and m ino r  q u a r t z i t e  t h a t  c rop  o u t  i n  Green Creek 

on t h e  n o r t h e a s t  s i d e  o f  Cache Peak i n  t h e  A l b i o n  Range. E x c e l l e n t  exposures 

o f  t h e  var ious  l i t h o l o g i e s  a l s o  occur  i n  a l l  o f  t h e  deep canyons i n  t h e  eas te rn  

ha1 f o f  t h e  R a f t  R i v e r  Mountains ( p l a t e  1  ) .  Adamel 1  i t e ,  o r  adamel l i  t e  gneiss,  

composes a p p r ~ x i m a t , e l y  75 percen t  o f  t h e  c r y s t a l l i n e  basement complex, and 

metasedimentary rocks,  t r ondh jem i te ,  pegmat i te ,  and m a f i c  metamorphic rocks  

c o n s t i t u t e  t h e  remain ing 25 pe rcen t .  L o c a l l y ,  any o f  t h e  subo rd ina te  l i t h o l o g i e s  

tilay p redon~ ina te .  They t y p i c a l l y  comprise b l ocks  and s labs .  o f  v a r i a b l e  dimensions 

f o l d e d  i n t o ,  o r  p a r t i  a1 l y  t o  conlp le te ly  engul f e d  by, adalnel 1  i t e  o r  adan~e l l  i t e  

gneiss . 
Throughout t h e  s tudy  area t h e  most common l i t h o l o g y  i n  t h e  Green Creek 

Complex i s  a  tan-weather ing adamel 1  i t e  o r  adamel 1  i t e  gneiss ( p l a t e  1  ) . Fresh 

surfaces a r e  l i g h t  gray. I n  t h e  l e a s t  metamorphosed exposures i n  t h e  e a s t e r n  

Raft R i v e r  Mountains , the  adamell i t e  e x h i b i t s  a  phaner i  t i  c  

hypid iomorphic ,  q ranu la r  t e x t u r e ,  l o c a l l y  g rad ing  t o  porphyr ' i  t i c ,  : 

w i t h  a l i g n e d  b i o t i t e  f l a k e s  i m p a r t i n g  a f a i n t  f o l i a t i o n  and l i n e a t i o n  

(Compton , 1975).  I n  c o n t r a s t ,  t h e  most nietamorphosed exposures 

i n  t h e  Grouse Creek and A l b i o n  Mountains c o n s i s t  o f  p o r p h y r o b l a s t i c  a d a m e l l i t e  

gneiss (Ar~ns t rong ,  1968a; Todd, 1973).  Accord ing t o  Armstrong (1968a), 

-75- 
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Todd (1973),  and 'Compton (1972, 1975), t h e  major  megascopic m ine ra l s  

a r e  b i  a t i  t e ,  whi t e  mica , qua r t z ,  p l  a g i o c l  ase , and mi c r o c l  i ne. Accessory 

m ine ra l s  r e p o r t e d  by Todd (1973) and Compton and o thd rs  (1977) i n c l u d e  

i l m e n i t e ,  r u t , i l e ,  sphene, a l l a n i t e ,  z i r c o n ,  monazi te,  a p a t i t e ,  ga rne t ,  
t ' 

. and ep ido te .  Whi te  mica and ep ido te  a r e  p roduc ts  o f  metamorphism 

(Todd, 1973; Compton and o thers ,  1977). F e l i x  (1956) r e p o r t e d  magnet i te ,  

b u t  Todd (1973) d i d  n o t  d e t e c t  any i n  a  s u i t e  o f  12 samples. 

Me Lased ~ I I I ~ I I  Ldry rucks  cu111pt-i se  between 10 and 15 percen t  o f  t h e  

Green Creek Complex ( p l a t e  1 ) .  A t  l e a s t  t h r e e  sedimentary f a c i e s  can 

be. r ecogn i zed .on  t h e  b a s i s  o f  t e x t u r e ,  sedimentary s t r u c t u r e s ,  and composi t ion 

(C'ompton, 1975). The most w i d e l y  d i s t r i b u t e d  and t h i ' c kes t  f a c i e s  

c o n s i s t  o f  s i l t y  and sandy shale,  now v a r i a b l y  metamorphosed t o  qua r t z -  

mica s c h i s t .  The o t h e r  two f a c i e s  a r e  q u i t e  subord ina te  by comparison 

and i n c l u d e  a r g i l l a c e o u s ,  f e l d s p a t h i c ,  and quar tzose sandstone, now 

metamorphosed t o  mica-quar tz  s c h i s t  and q u a r t z i t e ,  and a  pebbly  and 

cobb ly  mudstone, metamorphosed t o  conglomerat ic  s c h i s t .  Nu c l  a s t  

suppor ted conglomerates were r e p o r t e d  o r  observed anywhere i n  t h e  Green 

Creek Complex. Q u a r t z i t e s  rep resen t  a  m inor  l i t h o l o g y  and a re ,  g e n e r a l l y  

speaking, i n d i s t i n g u i s h a b l e  f rom those i n  younger metasedimentary u n i t s ,  

as notcd by Armstrong ( 1  968a). They a r e  commonly smal l  s ca le ,  crossbedded, 

t h i n  t o  t h i c k  bedded, moderate ly  so r t ed ,  and medium t o  coarse g ra ined .  

They t y p i c a l l y  weather t o  shades o f  Srown, and f r e s h  sur faces  a r e  u s u a l l y  

tan ,  w h i t e ,  o r  gray. Depos i t i on  o f  t h e  q u a r t z i t e s  p robab ly  occur red  i n  

a  nearshore mar ine environment.  

The predominant l i t h o l o g y  i n  t h e  metasedimentary rocks  i s  a  brown, 
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weathered, s i l v e r y ,  m i c a - r i c h  s c h i s t  ( p l a t e  1  ) .  Other  l i t h o l o g i e s  

recognized and descr ibed  by Armstrong (1968a) and Compton (1972, 1975) 

i n c l u d e  muscovi t e - b i o t i  t e -qua r t z  s c h i s t ,  quar tz-mica s c h i s t ,  and b i o t i t e  

s c h i s t  ,. The .accessory m ine ra l  s u i  t e  i s  1  a r g e l y  unknown, a1 though Compton 

and o the rs  (1977) r e p o i t e d  sphene and a p a t i t e  i n  samples of  s c h i s t  

c o l l e c t e d  f o r  f i s s i o n  t r a c k  d a t i n g .  Samarski te occurs i n  qua r t z -  

f e l d s p a r  metamorphic segregat ions and i n  pegmati tes o f  Archean s c h i s t  

and 01 igocene adamell i t e  ( B i  11 G a l l a n t ,  o r a l  communication, 11/13/79). 

T e x t u r a l  and composi t ional  cons ide ra t i ons  suggest t h a t  t h e  

f i n e r - t e x t u r e d  metasedirnentary rocks were depos i t ed , f o r  t h e  most p a r t ,  

i n  a  low energy, o f f s h o r e  mar ine environment.  The pebbly  and. cobb ly  

mudstones may represen t  i ce - ra f ted  d e b r i s  o r  a  submarine massflow d e p o s i t  

r e s u l t i n g  f rom f a i l u r e  and m i x i n g  o f  in te rbedded g rave l s  and muds which 

accumulated on uns tab le  s lopes.  

Thickness o f  t h e  Archean metasedimentary rocks  i s  h i g h l y  v a r i a b l e  

throughout  t he  R a f t  R i v e r  area. The t h i c k e r ,  more cont inuous exposures 

occur  i n  t he  deeper canyons i n  t h e  eas te rn  h a l f  o f  t h e  R a f t  R i v e r  

Mountains, no tab l y  i n  Jim, Rice,  Tenmile Creek, and I n d i a n  Creek Canyons. 

I n  t h i s  area access i s  l i m i t e d  because o f  p r i v a t e  l a n d  ownership. Nowhere 

i s  a  complete s e c t i o n  o f  Archean metasedimentary rocks  preserved.  Exposures 

g e n e r a l l y  r ep resen t  incomplete sec t i ons  f o l d e d  i n t o ,  o r  engu l f ed  by, 

younger i n t r u s i o n s  o f  amphi b o l  i t e  , t rondh jemi  t e ,  pegmat i te ,  o r  adamell i t e .  

Compton (1972, 1975) r e p o r t e d  minimum th icknesses  o f  91 meters (300 f e e t )  

and 305 meters (1,000 f e e t )  i n  t h e  Yost and Park Val l e y  quadrangles, 

r e s p e c t i v e l y .  The w r i t e r  measured 102 meters (335 f e e t )  i n  Tenmile Creek 

Canyon, where t he  t o p  i s  unconformably o v e r l a i n  by t h e  E l  ba Q u a r t z i t e  

and t h e  base i s  n o t  exposed ( f i g .  5 ) .  A t  t h i s  l o c a l i t y  t h e  canyon w a l l s  
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SCHIST SECTION 
LOCATED IN 

T,ENMlLE CREEK CANYON 
EASTERN RAFT RIVER MOUNTAINS 

>I02 m. (335 ft.) 

- 

L STRATIGRAPHY 
X a~ 

m +  

BASE NOT 
EXPOSED 

102 m:' 

1 - 
DESCRIPTION 

S c h i s t :  Mos t l y  f i ne -g ra ined ,  b i o t i t e ,  
muscov i te ,  q u a r t z ,  and f e l d s p a r ;  
s i l v e r y  , green ish ,  o r  o l  ive-brown 
weather ing;  p l a t y ;  l o c a l l y  p h y l l i t i c ;  
ve ry  smal l  -scale k i n k  f o l d s  pervas ive ;  
i s o c l  i n a l  l y  f o l ded ,  recumbent, 
li y h t  yray ,  qud r t z  and q u a r t z i t e  
1  enses , u b i q u i  tous ; o n l y  p a r t i  a1 s e c t i o n ,  
as base nowhere exposed; no o t h e r  
l i t h o l o g i e s  o f  any consequence no ted  
i n  t h i s  s e c t i o n .  

F i gu re  5. 



. . 

c o n s i s t  o f  brown weather ing ,o l  i ve gray mi c a - r i  ch phy l  1  i t e s  and " p h y l l  i t i  c "  

s c h i s t s  w i t h  pervas ive ,  smal l  sca le ,  k i n k  f o l d s ,  and l e s s  common, b u t  u b i q u i t o u s ,  

i s o c l  i n a l  l y  f o l d e d  1  enses o f  g ray  q u a r t z  and q u a r t z i t e .  

Metamorphic grade and de fo rmat ion  i n  t h e  Green Creek Complex v a r i e s  

s y s t e m a t i c a l l y ,  bo th  l a t e r a l l y  and v e r t i c a l l y ,  i n  t h e  s tudy  area. 

Metamorphic grade i s  lowes t  i n  t h e  eas te rn  R a f t  R i v e r  ~ o u n t a i n s  , and f rom here  

i t  increases sys tema t i ca l  l y  westward t o  t he  Grouse Creek. and A1 b i o n  

Mountains, where amph ibo l i t e  grade p r e v a i l s .  S ince most o f  t h e  

metamorphic rocks a re  q u a r t z - r i c h ,  occurrences o f  m ine ra l  assemblages 

which a re  d i a g n o s t i c  o f  metamorphic f a c i e s  a r e  r a r e .  F i e l d  observa t ions  

a l s o  c o n f i r m  t h a t  de fo rmat ion  i n  t h e  Green Creek Complex. is  s y s t e m a t i c a l l y  

d i s t r i b u t e d ,  i n c r e a s i n g  v e r t i c a l l y  f rom t h e  deepest exposures'upward 

toward t h e  profound uncon fo rmi ty  (Armstrong, 1968a; Todd, 1973; Compton 

and o t h e r ,  1977). W i t h i n  t h e  upper few hundred. meters p o r p h y r o b l a s t i  c  

t e x t u r e s  and t h e  e f f e c t s  o f  pronounced a t t e n u a t i o n  a r e  conspicuous. 

E l  ba Q u a r t z i t e  

The E l  b a . 0 u a r t z i  t e ,  named by Armstrong (1968a) f o r  exposures a t  

i t s  t ype  s e c t i o n  i n  t h e  south h a l f  o f  s e c t i o n  1,  T. 14 S., R. 2 E., west 

o f  t h e  v i l l a g e  o f  Elba, Idaho, forms s t r i k i n g  outcrops th roughout  t h e  

s tudy  area ( p l a t e  1 ) .  I t  i s  a  key u n i t  f o r  s t r u c t u r a l  and s t r a t i g r a p h i c  

i n t e r p r e t a t i o n s .  E x c e l l e n t  exposures occur  i n  Conner and Cottonwood 

Creeks, on t he  summit and n o r t h  s l ope  o f  F.lount Independence, and around 

t h e  pe r ime te r  o f  Moul t o n  dome, a1 1  i n  t h e  A l b i o n  Range. E lba Q u a r t z i t e  

a l s o  caps Dennis H i l l  i n  t h e  Dove Creek Mountains as w e l l  as t h e  c r e s t  
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and n o r t h e a s t  f l a n k  o f  t h e  c e n t r a l  Grouse Creek Mountains. The most 
. . 

s p e c t a c u l a r  ou tc rops  occur  i n  t h e  canyons a long  t h e s o u t h  f l a n k  o f  t h e  

Raf t  R i v e r  Range where. access i s  1  i m i  t e d  by p r i v a t e  l a n d  ownership,  w i t h  

l e s s  s p e c t a c u l a r  b u t  s t i l l  p rominent  exposures i n  George Creek and C lea r  

Creek Canyons and a l s o  a long  t h e  e n t i r e  n o r t h  f l ank  of  t h e  range ( p l a t e  1  ) .  
. . . . . . .  

. . . . . . The E lba  Q u a r t z i t e  c o n s i s t s  o f  t h r e e  w i d e l y  recogn,ized and 
. . 

e x t e n s i v e  l i t h o f a c i e s  i n  t he  R a f t  R i v e r  area ( f i g .  6 ) .  A f o u r t h ,  

and more 1  o c a l  , 1  i t h o f a c i  es i s  p resen t  and we1 1  exposed a1 ong t h e  c r e s t  

and n o r t h  f l a n k  o f  t h e  R a f t  R i v e r  Range (Compton, 1975).  L i s t e d  i n  

. . ascending s t r a t i g r a p h i c  o r d e r  t h e  f o u r  1  i t h o f a c i e s  a r e  ( 1  ) w h i t e  

q u a r t z i t e ,  ( 2 )  wh i ' te  q u a r t z i t e  pebble conglomerate, ( 3 )  tan-weather ing  

f e l d s p a t h i  c  q u a r t z i t e ,  and ( 4 )  f i ne -g ra ined ,  m i c a - f e l  dspar-quar tz  s c h i s t s  

( l o c a l l y  r e s t r i c t e d  ' t o  t h e  R a f t  R i v e r  Range). 

The e x t e n s i v e  basal  l i t h o f a c i e s  of  t h e  Elba Q u a r t z i t e  c o n s i s t  p re -  

dominant ly  o f  w h i t e  , v i t r e o u s  , dense, we1 1  -sor ted ,  t h i  nly-bedded, c ross-  

bedded, s p a r s e l y  micaeous q u a r t z i t e .  I t  i s  g e n e r a l l y  l e s s  than  30 meters 

(100 f e e t )  t h i c k  ( f i g .  6; Armstrong, 1968a; Compton;1975). t h e  l owe r  

c o n t a c t  i s  sharp and unconformable. The upper c o n t a c t  i s  sharp and occurs 

a t  t h e  base o f  t h e  o v e r l y i n g  q u a r t z i t e  pebble conglomerate. The lower  

q u a r t z i t e  member:is 1  i t h o l o g i c a l  l y  and sed imento log ica l  l y  q u i t e  s i m i l a r  

t o . t h e  Yost Q u a r t z i t e .  

Several  l 'ess s i g n i f i c a n t  b u t  d i s t i n c t i v e  1  i t h o l o g i e s  occur  i n  t h e  

basa l  member o f  t h e  E lba .  Q u a r t z i t e .  A pebble t o  cobble conglomerate 

w i t h  predominant ly  w h i t e  b u t  occas iona l  l y  green q u a r t z i t e  and r a r e  

adamell i t e  c l  as t s  occurs 1  oca l  l y  i n  depress ions o f  t h e  r e g i  on'al unconformi t y  . 

C l a s t s  a re  f l a t t e n e d  and e longa ted  i n  a  p lane  p a r a l l e l  t o  bedding, and 

l o n g  axes p a r a l l e l  D2 f o l d  axes. L o c a l l y  developed o r  Archean adamel li t e  0. 
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X * STRATIGRAPHY -- 

384 f t. 
1 17 m.. 

85 f t .  

ELBA SECTION 
LOCATED IN 

TONWOOD CANYON 
ALBION RANGE 
,155 m. (508 ft.) 

Q u a r t z i t e :  Fresh sur faces  a re  w h i t e  t o  g ray :  wea- 
( U n i t  3 )  t h e r s  t an  t o  r e d d i s h  brown. Because o f  

rod-shaped do lom i te  bodies;  t h i n  t o  
th ick-bedded w i t h  c ross  s t r a t i f i c a t i o n  
throughout ;  f i n e  t o  coarse-gra ined 
w i t h  g r i t  common ; moderate ly  so r t ed ;  
s l i g h t l y  micaceous; 5-15% m i c r o c l i n e  
f e l dspa r ;  con ta ins  3-5% opaque heavy 
m ine ra l s ;  g r a d a t i o n  con tac t  w i t h  
o v e r l y i n g  s c h i s t  o f  upper narrows; 
d i  s t i  n c t i  ve f e a t u r e s  a r e  t h e  i r o n -  
s t a i n i n g  and tendency t o  form c l i f f s .  

Conglomerate: White t o  l i g h t  g ray  q u a r t z i t e  pebble 
( U n i t  2 )  conglomerate; modera te ly  s o r t e d  w i t h  

t h i n  t o  t h i c k  bedding; l o c a l l y  f u c h s i t i c ;  
con ta ins  in te rbedded w h i t e  t o  l i g h t  
gray,  crossbedded, moderate ly  s o r t e d  
medi urn t o  coarse-g ra i  ned, g r i t t y  
q u a r t z i t e ;  q u a r t z i t e  i s  micaceous and 
f e l  dspa th i  c .  Th i s  u n i t  con ta ins  severa l  
percen t  opaque heavy m ine ra l s  a'nd i s  
more r a d i o a c t i v e  than  t h e  enc los ing  
q u a r t z i t e  u n i t s  w i t h  read ings  o f  60-160 
cps. (GR-1O1A coun te r )  ; c o l o r ,  com- 
p o s i t i o n ,  and t e x t u r e  d i s t i n c t i v e ;  

- c o n t a c t  w i t h  u n d e r l y i n g  q u a r t z i t e  sharp 
and conformable. 

Q u a r t z i  t e  : White t o  g reen i  sh-gray, dense, v i t r e o u s  , 
( U n i t  1 )  predominant ly  t h i  n-bedded q u a r t z i t e ;  

con ta ins  about 1% opaque heavy m i n e r a l s ;  
u n i t  i s  crossbedded; sma l l - sca le  f o l d i n g ,  
beddi ng p l ane  shear ing,  and t e c t o n i c  
t h i n n i n g  become more common as t h e  
u n d e r l y i n g  Green Creek Complex c o n t a c t  
i s  approached; a c t u a l  con tac t  i s  commonly 
covered; o r i g i n a l l y  p robab ly  v e r y  f i  ne 
t o  f i n e - g r a i  ned, moderate t o  we1 1  - s o r t e d  
sand; t h i s  u n i t  m igh t  be confused w i t h  
p a r t s  o f  Yost Q u a r t z i t e ,  d i s t i n c t i v e  
f e a t u r e s  i n c l u d e  s t r a t i g r a p h i c  p o s i t i o n ,  
1  i tho1 ogy , and beddi ng . -81 - 
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below t h e  lowes t  E l  ba Q u a r t z i t e  o r  conglomerate l a y e r  i s  a w h i t e  mica- 

r i c h  s c h i s t  which i s  a metamorphosed p a l e o r e g o l i  t h  (Armstrong, 1968a; Compton, 

1975) ; Two dark-brown weather ing,  gray,  hemati t e - r i . c h  q u a r t z i t e  beds, 

each approx imate ly  a meter  t h i c k ,  a r e  p resen t  i n  t h e  lower  p a r t  o f  t h e  

basa l  q u a r t z i t e  member th roughout  t h e  R a f t  R i v e r  Mountains. They a r e  

p robab ly  v a r i a n t s  of t h e  h e m a t i t e - r i c h  s c h i s t s  found on t h e  sou theas t  

. f l a n k  o f  t h e  range (Compton, 1975).  

The e x t e n s i v e  m idd le  member o f  t h e  Elba Q u a r t z i t e  i s  a d i s t i n c t i v e ,  

t h i n ,  w h i t e ,  dense, v i t r e o u s  , q u a r t z i t e  pebble conglomerate w i t h  

i n te rbeds  o f  w h i t e  t o  1 i g h t  gray, s i  1 t y  t o  pebbly ,  moss-bedded . q u a r t z i t e  

( f i g .  6 ) .  Pebble s i z e  and shape a re  r e l a t i v e l y  un i fo rm,  b u t  severe 

de fo rmat ion  has obscured t h e i r  o r i g i n a l  forms. The m a t r i x  t y p i c a l l y  

comprises l e s s  than  15 percen t  of t h e  conglomerate and ' cons is ts  o f  

micaceous , and l o c a l  l y  f u c h s i  t i c ,  q u a r t z i t e .  Thickness i s  h i g h l y  v a r i a b l e  

th roughout  t h e  s tudy  area,  r ang ing  f rom a few meters t o  12 meters 

(38.5 f e e t ;  f i g .  6 ) .  . Contacts w i t h  o v e r l y i n g  and u n d e r l y i n g  li~eliibers 

are' conformable.  and g r a d a t i o n a l .  The conglomerate f a c i e s  was recogn ized  

everywhere except  i n  t h e  Grouse Creek Mountains.  Th is  i s  n o t  s u r p r i s i n g  

because Compton (1975) no ted  t h a t  most l i t h o f a c i e s  v a r i a t i o n s  i n  t h e  Elba 

Q u a r t z i t e  d isappear  westward i n  t h e  d i r e c t i o n  o f  t h i c k e n i n g .  

The upper member o f  the E l  ba Q u a r t z i t e  accounts f o r  more than  h a l f  

o f  t h e  f o rma t i on  i n  t h e  area ( f i g .  6 ) .  I t  c o n s i s t s  predominant ly  o f  

tan-weather ing,  l i g h t - t o  dark-gray,  medium-to thick-bedded, g r i t t y  

t o  pebbly,  f e l d s p a t h i c  t o  l o c a l l y  a r k o s i c  ( m i c r o c l  i n e )  , moderate ly  

so r t ed ,  cross-bedded q u a r t z i t e .  Cross-bedding ranges i n  s c a l e  f rom 

a few cen t imete rs  t o  severa l  meters.  The l a r g e s t  i s  p resen t  i n  exposures 

above B u l l  Lake i n  t h e  c e n t r a l  R a f t  R i v e r  Mountains.  White, redd ish-  
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brown, greenish-gray , green, and b l  u i  sh-green q u a r t z i t e s  were a l s o  

seen. The green and b lu ish -g reen  v a r i e t i e s  a r e  f u c h s i t i c ,  and 

a re  q u a r r i e d  l o c a l l y  f o r  s a l e  as a deco ra t i ve  b u i l d i n g  s tone.  The t a n  

pigment i s  r e s i d u a l  t o  leached do lom i te  g ra i ns  which have been t e c t o n i c a l l y  

f l a t t e n e d  and l i n e a t e d  (Compton, 1972).  Mica i s  a l s o  a common 

c o n s t i t u e n t  i n  smal l  amounts. Thickness o f  t h e  upper q u a r t z i t e  ranges 

s i x  t o  117 meters (20 t o  384 f e e t ;  f i g .  6; Armstrong, 1968a, Compton, 

1972, 1975).  Contact r e l a t i o n s  w i t h  u n d e r l y i n g  and o v e r l y i n g  u n i t s  a re  

conformable and g r a d a t i o n a l .  

Along t h e  c r e s t  and n o r t h  f l a n k  o f  t he  R a f t  R i v e r  Mountains a f o u r t h  

l i t h o f a c i e s  o f  the  Elba Q u a r t z i t e  i s  l o c a l l y  p resen t  and w e l l  exposed.,  

Compton (1975) recognized, mapped,and in fo rma l l y  named t h i s  member t h e  

E l  ba sch i s t :  I t  i s  a  dark-brown weather ing,  f i ne -g ra ined ,  m ica- fe ldspar -  

qua r t z  s c h i s t . .  It was o r i g i n a l l y  a  t h i n l y  lamina ted  s i l t s t o n e  t h a t  i s  

now 183 meters (600 f e e t )  t h i c k  i n  t h e  most complete exposures. I t  t h i n s  

southward and wedges o u t  a long a l i n e  t h a t  crosses t h e  h i g h e r  p a r t  o f  

t h e  range somewhat o b l i q u e l y ,  w i t h  a  bea r i ng  o f  N. 75' W (Compton, 1975).  

Th is  s c h i s t  member was sampled b u t  n o t  measured o r  s t u d i e d  i n  any d e t a i l .  

Sedimentary s t r u c t u r e s  i n  t h e  Elba Q u a r t z i t e ,  a1 though few i n  type,  

a re  g e n e r a l l y  w e l l  preserved. Cross-bedding, u s u a l l y  sma l l -sca le ,  

i s  bo th  conspicuous and u b i q u i t o u s  i n  q u a r t z i t e .  I t  i s  accentuated 

by a1 t e r n a t i n g  cross- laminae, r i c h  i n  qua r t z  and opaque heavy m ine ra l s .  

R e l a t i v e l y  even, p a r a l l e l  bedding sur faces  p r e v a i l .  Graded bedding was 

observed i n  some conglomerate beds, as was a very  weak c l a s t  i m b r i c a t i o n  

i n  a  few three-d imensional  ou tc rops .  . By and l a r g e ,  however, d u c t i l e  

deformat ion has o b l i t e r a t e d  primar.y sedimentary f a b r i c s  i n  t h e  conglomerates 



and superimposed a  s t r o n g  D2 metamorphic f a b r i c .  Features i n t e r p r e t a b l e  rn 
as channel s t r u c t u r e s  and c l a y  g a l l s  are e n t i r e l y  l a c k i n g .  

. . V a r i a t i o n s  i n  th ickness  o f  t he  Elba Qua-rtz. i te a re  p r e d i c t a b l e  and 

pronounced. Compton' (1975) noted, and the  w r i t e r  concurs, t h a t  
. . 

t h i c k e n i n g  and l i t ho10 ,g i c  homogeneity gene ra l l y  inc rease from eas t  t o  

west  i n  t h e  s tudy area. Superimposed on t h i s  t r e n d  however, a re  l o c i  

o f  maximum t h i n n i n g  which co inc ide  w i t h  c r e s t s  o f  a n t i c l i n a l  ranges, 

apexes o f  gneiss domes, and 1  imbs o f  recumbent f o l d s .  Thus, th ickness  

ranges from as l i t t l e  as t h ree  meters (10 f e e t ;  Armstrong, 1968a) t o  

as much as 457 meters (1500- f e e t ;  Compton, 1972). Most o f  t he  

v a r i a t i o n  i n  th ickness  stems from d u c t i l e  f l o w  d u r i n g  metamorphism, a t t enua t i on  

accompanyi ng ex tens i ve  low-angle f a u l t i n g ,  and assimi 1  a t i o n  a t t end ing  

r e m o b i l i z a t i o n  o f  Archean adame l l i t e  o r  i n t r u s i o n  o f  T e r t i a r y  p lu tons .  

Some, however, i s  undoubtedly due t o  v a r i a t i o n s  i n  o r i g i n a l  depos i t i ona l  

environments and sedimentary processes. 

The deformation i n t e n s i t y  and metamorphic grade i n  t h e  Elba q u a r t z i t e  

a re  s i m i l a r  t o  t h a t  o f  t he  unde r l y i ng  Green Creek Complex, and are  

lowest  i n  i n t e n s i t y  and grade i n  the  eas tern  p a r t  o f  t he  R a f t  R i ve r  

Range and h i g h e s t  toward the  west i n  t he  Grouse Creek Mountains (Compton 

and o the rs ,  1977). Wi th few except ions,  no tab l y  t he  recumbent f o l d s  a long 

t h e  south f l a n k  o f  t he  R a f t  R i ve r  Range, t he  Elba Q u a r t z i t e  i s  r i g h t - s i d e  

up, as evidenced by cross-bedding, and i s  moderately deformed, except 

f o r  t h e  d u c t i l e  f l o w  and a t tenua t i on  r e f l e c t e d  i n  smal l -sca le  metamorphic 

f o l d s  and f l a t t e n e d  and s t re t ched  c l a s t s  i n  conglomerates. 

The accessory minera l  s u i t e  o f  t h e  Elba Q u a r t z i t e  i s  n o t  w e l l  
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s t u d i e d  and t h e r e f o r e ,  n o t  we1 1 known. Todd (1973) no ted  sphene, and 

Compton (1972, 1975) r e p o r t e d  hemat i te ,  i lmeni t e ,  z i r c o n ,  and tourma l ine .  

I n  a d d i t i o n ,  B i l l  G a l l a n t  ( o r a l  communication, 11/13/79) found monazi t e ,  

r u t i l e ,  a p a t i t e ,  and p o s s i b l y  u r a n o t h o r i t e  ( ? )  , a r a r e  e a r t h  ox ide ,  

i n  samples o f  t h e  Elba f rom t h e  Almo Creek area i n  t h e  A l b i o n  Range. 

Perhaps t h e  m ine ra l  i n  ques t i on  i s  a l l a n i t e  s i n c e  i t  i s  one of t h e  more 

abundant accessory m ine ra l s  i n  t he  Archean a d a m e l l i t e  and migh t  l o g i c a l l y  

be expected t o  occur  i n  t he  Elba Q u a r t z i t e  (Todd, 1973).  

Euhedual p y r i t e  i s  l o c a l l y  abundant. . I t  i s  conspicuously  assoc ia ted  

w i t h  i n t e n s e  n e a r - v e r t i c a l  f r a c t u r i n g  o f  E lba outcrops above.Bul1 Lake, 

i n  t he  v i c i n i t y  o f  Century Hol low, and i n  t h e  area o f  Johnson and Char les ton  

Creeks i n  t h e  c e n t r a l ,  southwestern,  R a f t  R i v e r  Mountains, r e s p e c t i v e l y .  

The p y r i t e  i s  d e f i n i t e l y  n o t  d e t r i t a l  b u t  r a t h e r  i s  e p i g e n e t i c  and 

p robab ly  r e l a t e d  t o  a hydrothermal system o f  Ol igocene, o r  younger,  age. 

Syngeneti c p y r i t e  i s  n o t a b l y  l a c k i n g  i n  a1 1 q u a r t z i t e  and conglomerate 

u n i t s .  

S t r a t i g r a p h y ,  sedimentary s t r u c t u r e s ,  and t e x t u r a l  and compos i t iona l  

a t t r i b u t e s  o f  t h e  Elba Q u a r t z i t e  suggest t h a t  depos i t ion .was  p redominan t l y  

i n  a shal  low, moderate t o  h i g h  energy, nearshore, mar ine environment.  

Th i s  i n t e r p r e t a t i o n  i s  based s o l e l y  on t h e  a r e a l  e x t e n t  o f  va r i ous  l i t h o f a c i e s ,  

u n i f o r m i t y  o f  l i t h o f a c i e s ,  bedding s t y l e ,  g e n e r a l l y  sma l l - sca le  cross-bedding 

and t h e  conspicuous absence o f  sedimentary s t r u c t u r e s  d i a g n o s t i c  o f  

f l u v i a l  processes. '  The q u a r t z i t e  pebble conglomerate member r e f l e c t s  

renewed u p l i f t  arld e r o s i o n  i n  t h e  source area and temporary reg ress ion  

of t he  s t r a n d l i n e  w i t h  development o f  a f l u v i a l - m a r i n e  d e l t a i c  f a c i e s .  

Otherwise, t h e  o v e r a l l  f i n i n g  upward t e x t u r e ,  and t h e  do lom i te  con ten t  

o f  t h c  upper q u a r t z i t e  member, suggest a normal t r ansg ress i ve  d e p o s i t i o n a l  

sequence. Transgress ion occur red  ove r  Archean c r y s t a l l i n e  and metasedimentary 
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. .  . 
t e r rane .  h a v i  ng p a l e o r e l  i e f  measurabl e i n  tens  of meters (Armstrong, 1968a). 

It was n o t  p o s s i b l e  t o  make q u a n t i t a t i v e  pa leocu r ren t  measurements 

on c r o s s - s t r a t i  fi c a t i o n  i n  t h e  q u a r t z i t e s ,  o r  t o  determine c l a s t  

i m b r i c a t i o n  i n  t h e  conglomerates, f o r  a v a r i e t y  o f  reasons, most n o t a b l e  

b e i n g  extreme deformat ion of  p r imary  sedimentary f a b r i c s ,  g e n e r a l l y  

poor  express ion  o f  cross-bedding sur faces ,  ve ry  l i m i t e d  two-dimensional  

exposures, and f i n a l  l y  inc lement  weather. However, qua1 i t i a t i v e  f i e l d  

obse rva t i ons  th roughout  t he  s tudy  area suggest t h a t  sediment t r a n s p o r t  

was dominan t l y  i n  a. w e s t e r l y  d i r e c t i o n .  

~ h r o u g h o u t  t h e  s tudy  area t h e  E l  ba Q u a r t z i t e  i s  unconformably under1 a i  n 

by t h e  Green Creek Complex and conformably o v e r l a i n  by t h e  Upper Narrows 

S c h i s t  ( p l a t e  1 ) .  Grada t iona l  c o n t a c t  w i t h  t h e  Upper Narrows S c h i s t  

occurs ove r  a s t r a t i g r a p h i c  i n t e r v a l  o f  a few meters t o  tens o f  meters 

(Compton, 1972).  For  d e t a i  1 s concern ing t h e  s c h i s t  o f  t h e  Upper Narrovrs, 

t h e  reader  i s  r e f e r r e d  t o  t h e  p u b l i c a t i o n s  o f  Compton (1972, 1975), Compton 

and o the rs  (1977) ,  and M i l l e r  (1978).  

Yos t Q u a r t z i t e  

The Yost Q u a r t z i t e  was mapped and i n f o r m a l l y  named by Compton 

(1972) f o r  a 122-meter t h i c k  (200 t o  400 f e e t )  i n t e r v a l  o f  w h i t e  t o  

greenish-gray,  t h i n l y -bedded  q u a r t z i t e  south o f  t h e  v i l l a g e  o f  Yost 

i n  t h e  nor thwes te rn  p a r t  o f  t h e  K a f t  R i v e r  Mountains ( p l a t e  1 ) .  

The Yost Q u a r t z i t e  i s  r e l a t i v e l y  w i d e l y  d i s t r i b u t e d  and i s  

t y p i c a l  1y assoc ia ted  w i t h  t h e  o l d e s t  low-angle f a u l t .  and a1 lochthonous 
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sheet.  Accord ing ly ,  complete sec t i ons  a r e  r a r e ,  and outcrops a r e  

more sporad ic  and commonly l e s s  prominent  than  some o f  t h e  o t h e r  

q u a r t z i t e s .  The b e s t  exposures occur  i n  t h e  L e f t  and R igh t  Hand 

Forks of  Johnson Creek south o f  Yost, i n  t h e  v i c i n i t y  o f  t h e  Upper 

Narrows i n  t h e  R a f t  R i ve r ,  on t h e  west s l ope  o f  Cache Peak, and on t h e  

south s lopes o f  the  east-west r i d g e  sou th  o f  Connors Creek on B i g  

Ber tha dome. I t  was n o t  observed anywhere i n  t h e  Grouse Creek 

Mountains. 

The Yost Q u a r t z i t e  i s  cons iderab ly  more homogeneous than t h e  

E l  ba Q u a r t z i t e .  It c o n s i s t s  predominant ly  o f  wh i t e ,  v i t r e o u s  , dense, 

t h i n - t o  medium-bedded, micaceous, p a r r a l l e l - l a m i n a t e d  and cross-  

lamina ted  q u a r t z i t e  ( f i g .  7 ) .  There i s  l i t t l e  b a s i s  f o r  s u b d i v i s i o n  

o f  t h e  Yost i n t o  members, a l though t h e  upper h a l f  i s  predominant ly  

a  spa rse l y  micaceous, t h i n l y  bedded, p a r a l l e l - l a m i n a t e d  q u a r t z i t e ,  

whereas t h e  1 ower ha1 f i s  a  somewhat more mi caceous , medi um-bedded , 

cross- laminated q u a r t z i t e .  Compton (1972) observed some f e l d s p a r  g r a i n s  

and qua r t z  pebbles i n  t h i c k e r  beds a long  Johnson Creek, b u t  n e i t h e r  

o f  these was no ted  by t h e  w r i t e r  i n  t h e  measured s e c t i o n  i n  t h e  R i g h t  Hand 

Fork o f  Johnson Creek ( f i g .  7 ) .  Greenish-gray and green, f u c h s i t i c  

q u a r t z i t e ,  magnet i te  r i c h  q u a r t z i t e ,  and h e m a t i t i c  s c h i s t s  comprise 

subord ina te  li t h o l o g i e s  l o c a l l y ,  n o t a b l y  i n  t h e  v i c i n i t y  o f  t h e  Upper 

Narrows o f  t h e  R a f t  R i v e r  (Compton, 1972). 

Two types o f  p r imary  sedimentary s t r u c t u r e s  a r e  p resen t  i n  t h e  

Yost Q u a r t z i t e .  Both a re  w e l l  preserved and conspicuous i n  ou tc rop .  

Even, p a r a l l e l ,  p r imary  l a m i n a t i o n  i s  w e l l  developed i n  t h e  upper h a l f  
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YOST SECTION 

0 & 
XI- 

cn" 

W ESTE 

STRATIGRAPHY 

LOCATED IN 
JOHNSON ' CREEK 

RN RAFT RIVER MOUNTAINS 

Q u a r t z i t e  : White, dense, v i t r e o u s ,  ve ry  t h i  n-bedded 
( U n i t  3 )  t o  laminated,  s l i g h t l y  micaceous 

q u a r t z i t e ,  w i t h  a  few s c h i s t  i n t e rbeds  
near  t h e  t op ;  upper c o n t a c t  i s  g rada t i ona l  
w i t h  t h e  o v e r l y i n g  schist ,  h ~ t .  l o c a l l y  
b r e c c i a t e d  due t o  bedding p lane  shear ing;  
P y r i t e  of  presumed hydrothermal o r i g i n  
has weathered t o  i r on -ox ides  a long  
bedding p lanes and f r a c t u r e  surfaces; 
o r i g i n a l  l y  f i n e  t o  very  fi ne-grained, 
w e l l  s o r t e d  sand. 

Q u a r t z i  t e  : White, dense, v i t r e o u s ,  t h i n  t o  medium- 
( U n i t  2 )  bedded, s l i g h t l y  micaceous q u a r t z i t e ;  

cross-bedded'; few percen t  opaque heavy 
m ine ra l s  p resen t ;  conspicuous bedding 
p lane  shear ing  and t e c t o n i c  t h i n n i n g ;  
d i s t i n c t i v e  hack l y  c r o s s - f r a c t u r e  
prominent;  q u a r t z i t e  as  above. 

Q u a r t z i t e :  White, dense, v i t r e o u s ,  t h i n  Lo medium 
( U n i t  1 )  bedded, c r o s s - s t r a t i f i e d  q u a r t z i t e ;  may 

be s l i g h t l y  more micaceous then  over-  
l y i n g  q u a r t z i t e s ;  s c h i s t  i n t e rbeds  
s i m i l a r  t o  u n d e r l y i n g  s c h i s t  p resen t  
near t h e  lower  con tac t ;  c o n t a c t  con- 
formable and g r a d a t i o n a l ;  bedding 
p lane  shear ing  and t e c t o n i c  t h i n n i n g  
conspicuous . 

F igu re  7. 



o f  t h e  u n i t ,  where i t  i s  accentuated by a l t e r n a t i n g  l i g h t  and dark  m ine ra l  

laminae, a  m i l l i m e t e r  o r  so t h i c k .  I n  t h e  lower  h a l f  o f  t h e  Yost, 

c ross - l am ina t i on  i s  conspicuous and s i m i l a r l y  accentuated. The combinat ion 

o f  t h i n ,  even, p a r a l l e l  beds and micaceous bedding sur faces  impar ts  a  

pronounced f l a g g y  bedding t o  t h e  Yost Q u a r t z i t e s  a t  a  number o f  l o c a l i t i e s .  

L i k e  t h e  Elba, i t  i s  w ide l y  q u a r r i e d  and s o l d  as ornamental b u i l d i n g  

stone. 

Low-angle f a u l t i n g  causes v a r i a b l e  th icknesses  i n  t h e  Q u a r t z i t e  

o f  Yost. P r i o r  t o  ex tens i ve  low-angle f a u l t i n g ,  t h e  u n i t  was p robab ly  

much more w i d e l y  d i s t r i b u t e d  and t h i c k e r .  Compton (1972) r e p o r t e d  a 

t h i ckness  o f  122 meters (400 f e e t )  sou th  o f  Yost,  61 meters (200 f e e t )  

t o  t h e  nor thwest ,  and p inchout  t o  t h e  southwest.  A complete, b u t  

a t tenua ted ,  s e c t i o n  occurs i n  t h e  R igh t  Hand Fork o f  Johnson Creek south 

o f  Yost where. th~ icknesses o f  s l i g h t l y  more than  66 meters (217 f e e t )  a r e  

p resen t  ( f i g .  7 ) .  

The accessory minera l  s u i t e  o f  t h e  Yost Q u a r t z i t e  i s  n o t  w e l l  

known b u t  compos i t iona l  da ta  suggest i t  i s  s i m i l a r  t o  E lba Q u a r t z i t e .  

U n i d e n t i f i e d  opaque heavy m ine ra l s  comprise, on t h e  average, a  few percen t  

o f  t h e  q u a r t z i  t e .  Compton (1  972) r e p o r t e d  magneti t e  . Euhedral p y r i  t e  

i s  p resen t  i n  t h e  measured s e c t i o n  and weathers t o  produce redd i sh  and 

ye l low-brown outcrops which c o n t r a s t  s t r i k i n g l y  w i t h  t h e  g e n e r a l l y  w h i t e  

Yost Q u a r t z i t e .  The p y r i t e  i s  e p i g e n e t i c ,  as i s  evidenced by an i n t i m a t e  

a s s o c i a t i o n  w i t h  l a t e  n e a r - v e r t i c a l  f r a c t u r i n g  and euhedual c r y s t a l s  

o f  v a r i a b l e  s i z e .  Assocat ion w i t h  b r i t t l e  de fo rmat ion  s t r u c t u r e s  suggests 

a  r e l a t i v e l y  yourly dye and a hydrothermal  o r i g i n .  

Contact  r e l a t i o n s h i p s  between t he  Yost Q u a r t z i t e  and t h e  u n d e r l y i n g  
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S c h i s t  o f  t he  Upper Narrows and the o v e r l y i n g  Sch is t  o f '  Steven Springs 

a r e  confor t~~ i lb  le ant1 cjradat ional ( p l a t e  1  ) . S l  ippaqe dnd shearin!] i n  

p r o x i ~ ~ r i t . y  t o  con tac t s  a re  no t i ceab le  i n  good cxposures;but beds 

above and below remain genera l l y  p a r a l l e l .  One o r  two beds of s c h i s t  are 

in terbedded i n  the  t o p  and bottom few meters o f  the  Yost Q u a r t z i t e .  These 

a re  i d e n t i c a l  i n  a1 1  respects t o  those o f  o v e r l y i n g  and under l y ing  u n i t s .  

Considerat ions o f  s t ra t i 'g raphy , sedimentary s t r u c t u r e s  ,. and composit ion 

suggest depos i t i on  o f  Yost sands i n  in te rmed ia te  depth, low t o  moderate 

energy, o f f sho re ,  marine environment. I n  the  contex t  o f  t he  e n t i r e  

Precamb.rian X ( ? )  succession, t he  Yost may r e f l e c t  a  temporary regress ion  

o f  t he  s t r a n d l i n e a n d  renewed u p l i f t  and eros ion  i n  the  source area. . Provenance 

cons is ted  of  a  te r rane  l i t h o l o g i c a l l y  s i m i l a r  t o  t he  Green Creek Complex. 

Q u a n t i t a t i v e  measurements o f  paleocurrents and determinat ion  o f  

sediment t r a n s p o r t  d i r e c t i o n  were n o t  poss ib le  because o f  genera l l y  poor 

exposures, very l i111.i t e d  two-dimensional outcrops,  t y p i c a l  l y  smal l  -sca le  

cross- laminat ions,  and d i f f i c u l t y  i n  d i s t i n g u i s h i n g  between uncommon, 

1  arge-scal e  cross-bedding sur faces and ex tens i ve l y  developed 1  ow-angle 

sur faces o f  probable t e c t o n i c  o r i g i n .  Because the  Elba-Upper Narrows- 

Yost-Steven Springs subgroup forms a  genet ic  depos i t i ona l  sequence, 

paleocurrents and sediment t r a n s p o r t  d i r e c t i o n s  probably changed l i t t l e  

between Elba and Yost t imes.  
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URANIUM OCCURRENCES 

There i s  sca rce l y  a  p lace i n  t h e  western Un i ted  States where a  

has . n o t  searched f o r  uranium w i t h  h i s  qe iger  o r  s c i n t i l l a t i o n  

counter.  Dur ing  t h e  1940's geo log i s t s  w i t h  the  Atomic Energy Commission 

and t h e  U.S.G.S. conducted ex tens ive  i n v e s t i g a t i o n s  o f  mines, waste 

dumps, and prospects throughout t h e  Un i ted  States i n  search o f  uranium 

m i n e r a l i z a t i o n .  As a  r e s u l t  o f  t h i s  massive and h i g h l y  successfu l  

search f o r  uranium du r ing  the  19501s, a  vas t  amount o f  bas i c  i n fo rma t i on  

concerning the  nature,  d i s t r i b u t i o n ,  and occurrence o f  r a d i o a c t i v i t y  

and uranium i n  t he  Un i ted  States.was acqui red i n  t he  form o f  P re l im ina ry  

Reconnaissance Reports (PRR' s )  by t h e  Atomic Energy Commission. Review 

o f  t h e  PRR's f o r  a  non-producing area i s  t y p i c a l l y  t he  s t a r t i n g  p o i n t  f o r  

assessment o f  i t s  uranium p o t e n t i a l .  

The PRR's f o r  Box Elder  County, Utah and Cassia County, Idaho con ta in  

very l i t t l e  u s e f u l  i n fo rma t i on .  Only t h ree  repo r ted  uranium occurrences 

i n  Box E lder  County a re  l oca ted  w i t h i n  t h e  s tudy area. Two o f  these 

occurrences, repo r ted  i n  PRR's #5056 and #5061, are l oca ted  i n  t h e  Century 

Hol low (Park Va l l ey )  min ing  d i s t r i c t  i n  t h e  southwestern R a f t  R i ve r  

Mountains. An occurrence repo r ted  i n  PRR #5055 i s  l o c a t e d  a t  t he  head o f  

Rosebud Creek i n  t h e  southern p a r t  o f  t h e  c e n t r a l  Grouse Creek Mountains. 

No abnormal r a d i o a c t i v i t y  o r  uranium minera ls  were noted a t  t h e  s i t e s  

repo r ted  i n  PRR's #5055 and #5066. The occurrence descr ibed i n  PKK t5061, 

l oca ted  i n  T. 13 N., R. 14 W . ,  had been repo r ted  t o  have r a d i a t i o n  as h igh  as 

10 t imes backqround l o c a l l y ,  i n  assoc ia t i on  w i t h  sparse pyromorphi t e  ( ? )  , t h e  l a t t e r  

hav ing formed by o x i d a t i o n  of galena arid p y r i t e  i n  a  massive w h i t e  quar tz  ve in .  



sparse g o l d  s i  l v e r ,  l ead ,  z i n c ,  and copper m i n e r a l i z a t i o n  i s  assoc ia ted  w i t h  rn 
q u a r t z  ve ins  i n  t h e  Century Hol low area, b u t  t h e  d i s t r i c t  has been i n a c t i v e  s i n c e  

lhc  c u r l y  1030's (Co~til)ton, 1975).  A1 1  workincls have now caved. I n  c:hc!c:k incl 

t h i s  yer leral  area,  no s i g n i f i c a n t  anorr~alous r a d i o a c t i v i t y  was de tec ted  
. . 

i n  qua r t z  ve ins  ,: Archean adamel 1  i t e  o r  s c h i s t ,  o r  E l  ba Q u a r t z i t e .  However, 

subanomalous wate rs  and anomalous s t ream sediment and r o c k  samples were 

ob ta i ned  f r om t h i s  area ( f i g s .  A-3, B-3, B-4, C- 4  , and C- 5  ) Moreover, 

a  r e c e n t  a i r b o r n e  r a d i a t i o n  survey detectcld anomalous r a d i o a c t i v i t y  i n  

t h i s  area ( p l a t e  4 ) .  These r e s u l t s  i n d i c a t e  a d d i t i o n a l  f i e l d  work i s  

j u s t i f i e d  i n  ' the Century  Hol low area. 

Only f o u r  occurrences a r e  r e p o r t e d  i n  Cassia County, Idaho. Three were 

done w i t h i n  t h e  s tudy  area, and two o f  t h e  t h r e e  r e p o r t e d  anomalous 

r a d i o a c t i v i t y ,  b u t  no uranium m ine ra l s .  I n  a l l  th ree ,  ins tances ,  t h e  l o c a t i o n s  

l acked  s u f f i c i e n t  s i t e  . d e s c r i p t i o n s  . which woul'd have p e r m i t t e d  f i e l d  , 

check ing  o f  t h e  s i t e .  PRR #2500 r e p o r t e d  r a d i a t i o n  up t o  f i v e  t imes 

background i n m i  ne ad i  t s  , b u t  no i n t e r p r e t a t i o n  o r  eva'l u a t i  on was 

A  s i n g l e  grab sample f r om a  p rospec t  p i t  y i e l d e d  an e q u i v a l e n t  uranium 

con ten t  o f  0.036 pe rcen t .  Thus, t h e  anomalous r a d i o a c t i v i t y  may stem 

f rom sparse uran ium m i n e r a l i z a t i o n  o r  radon b u i l d  up i n  t h e  a d i t  due t o  

poor  a i r  c i r c u l a t i o n .  The assoc ia ted  o r e  depos i t s  were desc r i bed  as 

mesothermal ve ins  and ' rep1  acements i n  q u a r t z i t e  , s c h i s t ,  and marb le .  

Ore was mined f o r  lead ,  s i l v e r ,  go ld ,  copper, z i nc ,  molydbenum, c o b a l t ,  

and n i c k e l .  Th i s  meta l  s u i t e  i s '  notewor thy i n  t h a t  i t  i s  r em in i scen t  o f  

t h a t  assoc ia ted  w i t h  c l a s s i c a l  ve ins  and some P r o t e r o z o i c  uncon fo rmi ty -  

t ype  u r a n i  um depos i t s  (McMi 11 an, 1978). The occurrence r e p o r t e d  i n  PRR '#2500 

was n o t  l o c a t e d  i n  t h e  f i e l d ,  b u t  i t s  r e p o r t e d  l o c a t i o n  co inc ides  w i t h  

ex tens i ve  exposures o f  a1 lochthonous Precambrian Z ( ? )  and Pa leozo ic  rn 



rocks i n  T. 12 S. ,  R. 24 E.  PRR #2501 l o c a t e d  somewhere i n  T. 12 S. ,  

R. 25 E., r e p o r t e d  anomalous r a d i a t i o n  up t o  t h r e e  t imes background i n  

a s s o c i a t i o n  w i t h  prospects  and dumps. developed i n  mesothermal ve ins  i n  

a p o r p h y r i t i c  g r a n i t e .  The ores were mined f o r  lead ,  s i l v e r ,  go ld ,  

and copper. No f o l l ow -up  work was recommended f o r  PRR #2501. 

The geology descr ibpd  i n  PRR's #2500 and #2501 i s  r em in i scen t  of 

t h a t  i n  t h e  Ward m in ing  d i s t r i c t  which i s  l o c a t e d  i n  Connor Creek Canyon. 

No r e a l l y  anomalous r a d i a t i o n  was no ted  i n  t h i s  area, b u t  anomalous 

water ,  s t ream sediment, and rock  samples were ob ta i ned  f r om t h e  Ward 

m in ing  d i s t r i c t  ( f i g s .  A-3, 8-3, B-4, C- 4 , and C- 5 ) .  Metamorphic 

segregat ions i n  Archean s c h i s t  i n  Conner Creek c o n t a i n  samarsk i te ,  acco rd ing  

t o  B i  11 Gal 1 a n t  ( o r a l  communication, 11 /13/79) .  These occurrences a re  

smal l  and e r r a t i c  and have no economic p o t e n t i a l .  Pas t  m in ing  a c t i v i t i e s ,  

a1 though sma l l -sca le ,  were numerous and thorough i n  t h e  Ward d i s t r i c t .  I t  

i s  q u i t e  u n l i k e l y  t h a t  s i g n i f i c a n t  uranium m i n e r a l i z a t i o n  o r  h i g h l y  

anomalous r a d i o a c t i v i t y  would have been missed o r  gone unrepor ted.  Thus, 

no f o l l ow -up  work i s  recommended f o r  t h i s  area d e s p i t e  t h e  geochemical 

anomalies. 

No anomalous r a d i a t i o n  o r  uranium m ine ra l s  were r e p o r t e d  i n  PRR #2503, 

which i s  l o c a t e d  somewhere i n  T. 15 S., R. 24 E., W.J. Naybe of t he  

U.S.G.S., who s t u d i e d  sha le  beds i n  t h e  area, was quoted as say ing  t h a t  t h e  

h i g h e s t  e q u i v a l e n t  U308 con ten t  i n  h i s  s tudy  area was 0.35 percen t .  

Geochemical and a i r b o r n e  r a d i a t i o n  anomalies occur  i n  t h i s  genera l  area, 
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known as C i t y  o f  Rocks, and uranium minerals  i n  a pegmati te and a p lace r  

a re  a l so  known (Cook, 1955, 1957). B i l l  Ga l l an t  ( o r a l  communication, 

11/13/79) no ted  garnet ,  p lag ioc lose,  rnayneti te,  and samarski t e  i n  a 

pegmati te l o c a t e d  i n  s e c t i o n  36, T. 15 S . ,  R. 23 E. This  l o c a l i t y  

a l s o  co inc ides  w i t h  t h a t  o f  an a i rbo rne  r a d i a t i o n  anomaly ( p l a t e  4 ) .  

The C i t y  o f  Rocks area has been ' thoroughly prospected and sampled. 

Notw i ths tand ing  t h e  presencc n f  geochemical anomal i es', uranium tni ne ra l  s 

i n  pegmati te . and . p l ace rs ,  and an a i rborne r a d i a t i o n  anomaly, no a d d i t i o n a l  

fo l low-up i s  recommended f o r  t h i s  area. 

The known occurrences o f  uranium w i t h i n ,  o r  i n  p r o x i m i t y  to ,  t he  

s tudy  area a r e  few i n  number and d i f f e r  s u b s t a n t i a l l y  from the  types 

o f  depos i ts  sought. Cook (1955, 1957), Mapel and H a i l  (1959), Armstrong 

(1  964) , and Keys and Sul 1 i van ( 1979) described these occurrences. 

O f  these o n l y  t he  C i t y  o f  Rocks pegmati te and p lace r  occurrences f a l l  

s t r i c t l y  w i t h i n  the  boundaries o f  t he  study area. The Goose Creek 

Basin and R a f t  R i v e r  yeo'therrnal occurrences a re  inc luded on l y  t o  show 

t h e  v a r i e t y  and types t h a t  might  be expected w i t h i n ,  and i n  proxmity  t o ,  

,the study area. 

Cook (1955, 1957) mentioned t h a t  uranium minerals ,  bo th  i n  pegmati tes 

and i n  p lacers  de r i ved  therefrom, occur i n  t h e  C i t y  o f  Rocks area of 

Cassia County. No o t h e r  i n fo rma t ion  i s  provided. B i l l  G a l l a n t  ( o r a l  

communication, 11/13/79) informed the  w r i t e r  t h a t  smal l  occurrences o f  

garnet ,  p l  ag ioc l  ase, magneti te,  and samarski t e  were observed i n  pegmati tes  

n o r t h  o f  t h e  three-way i n t e r s e c t i o n  i n  t he  C i t y  o f  Rocks area ( s e c t i o n  36, 

T. 15 S., R. 23 E . )  and t h a t  l a t e  stage a p l i t e  d ikes and pegmati te c a r r y  

as much as 40 ppm uranium i n  the  Cast le  Rocks area, l oca ted  a few m i les  (IY 
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t o  t he  n o r t h .  He a l s o  ob ta i ned  a  few chemical values as h i g h  as 500 PPIII 

uranium f o r  smal l  ' qua r t z - f e l dspa r  metalnorphi c  segregat ions i n sch i  s t  o f  

t h e  Green Creek Complex i n  t h e  Conner Creek Area on B i g  Ber tha  dome, 

l o c a t e d  about 15 m i l e s  t o  t h e  no r theas t .  None o f  these uranium occurrences 

has any comrneri c a l  p o t e n t i a l  , and i n s o f a r  as c o u l d  be determined, no 

uranium has ever  been produced w i t h i n  t h e  s tudy  area. .. 

Goose Creek Bas in  i nc l udes  an area o f  severa l  hundred square m i l e s  

near  t h e  common borders o f  Utah, Idaho, and Nevada. The eas te rn  marg in  

o f  t h e  b a s i n  co inc ides  w i t h  t h e  western boundary o f  t h e  s tudy  area ( p l a t e  1  ) .  

F l  u v i a l  , pa luda l  , and l a c u s t r i  ne sediments,  and in te rbedded v o l c a n i c  ash 

and r h y o l  i t i c  ash f l o w  t u f f s  form an e x t e n s i v e  s t r a t i g r a p h i c  success ion o f  

l a t e  Miocene and P l iocene  age. Except f o r  t h e  coa rses t - t ex tu red  l i t h o l o g i e s ,  

most sediments' and v o l  cani  cs a r e  s l  i g h t l y  r a d i o a c t i v e .  Accord ing t o  Mapel 

and H a i l  (1959),  two samples o f  r h y o l i t e  con ta ined  60 t o  70 ppm uranium, 

and samples o f  v o l c a n i c  ash con ta ined  up t o  10 ppm uranium. 

L i g n i t e  and carbonaceous sha le  e x h i b i t  wide v a r i a t i o n s  i n  uran ium 

con ten ts ,  bo th  l a t e r a l l y  and v e r t i c a l l y ,  r ang ing  f rom 10 t o  1200 ppm 

( ~ a ~ e l  and H a i l  , 1959). 

P o t e n t i a l  low-grade resources i n  Goose Creek Basin t o t a l  about  

100 s h o r t  tons  o f  uranium i n '  1  i g n i t e  and carbonaceous sha le  beds a t  

l e a s t  one f o o t  t h i c k  c o n t a i n i n g  a t  l e a s t  0.010 pe rcen t  uranium (Mapel 

and H a i l ,  1959).  The uranium i s  b e l i e v e d  t o  have been d e r i v e d  f r om 

l a t e r a l l y  and v e r t i c a l l y  ad jacen t  v o l c a n i c  f l ows  and ash, leached and 

t r a n s p o r t e d  by a l k a l i n e  groundwater, and p r e c i p i t a t e d  by adso rp t i on  and 

r e d u c t i o n  w i t h i n  t h e  l i g n i t e  and carbonaceous sha le  beds on t h e  l imbs  o f  
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a. g e n t l e  s y n c l i n e  d u r i n g  descent o f  t h e  groundwater (Mapel and H a i l ,  1959). rn 
Not much i s  known about t h e  occurrence and d i s t r i b u t i o n  o f  uranium 

i n  t h e  nearby R a f t  R i v e r  geothermal system. Keys and S u l l i v a n  (1979) 

no ted  some i n t e r e s t i n g  r e l a t i o n s h i p s  between zones o f  h o t  water  e n t r y  

and hydrothermal a l t e r a t i o n  and rad io i so tope  concent ra t ions  of equ i va len t  

uranium, thor ium, and potassium. L imi  t e d  data' suggest uranium enrichment 

i n  hydro thermal ly  a l t e r e d  zones and uranium m o b i l i z a t i o n  i n  zones o f  

h o t  water  entr.y (Keys and Sul l i v a n ,  1979). A lso noteworthy a re  t h e  

observa t ions  t h a t  Precambrian W adame l l i t e  e x h i b i t s  cons iderab le  v a r i a t i o n  

i n  r a d i a t i o n  response, t h a t  hydrothermal a1 t e r a t i o n  ( c h l o r i  t i  z a t i o n )  i s  

ex tens i ve  i n  t h e  deeper p a r t  of the  R a f t  R iver  r e s e r v o i r  where Precambrian 

q u a r t z i t e  and s c h i s t  a r e  present ,  and t h a t  anomalous concent ra t ions  o f  

t ho r i um (up t o  140 ppm) and equ i va len t  uranium (up t o  100 ppm) charac ter -  

i ze these a1 t e r e d  Precambrian rocks (Keys and Su 1.1 i van, 1979). Thus, 

a l though t h e  da ta  a re  sparse, they  h i n t  t h a t  areas o f  hydrothermal a l t e r a t i o n  

may be p rospec t i ve  t a r g e t s  f o r  uranium m i n e r a l i z a t i o n .  
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RADIOACTIVITY 

Ground Radiometr i  cs 

Numerous r a d i a t i o n  measurements were ob ta i ned  throughout  t h e  Raft  

R i v e r  area. Most measurement s t a t i o n s  c o i n c i d e  w i t h ,  and a r e  t i e d  t o ,  

sampl ing s i t e s . f r o m  which water ,  s t ream sediment, and rock  samples were 

c o l l e c t e d .  R a d i o a c t i v i t y  was measured w i t h  e i t h e r  a  s c i n t i l l a t i o n  coun te r  

(GR-101A) o r  a  four-channel gamma r a y  spect rometer  (GAD-6) w i t h  d i g i t a l  

readout.  The GAD-6 was checked and c a l i b r a t e d  d a i l y .  Spectrometer read ings  

were conver ted  f rom counts p e r  second ( cps )  t o  counts p e r  m inu te  (cpm) 

t o  be compat ib le  w i t h  t he  NURE-HSSR data base. The fo rmu la  f a c t o r s  used: 
F 

t o  c a l c u l a t e  e q u i v a l e n t  potassium ( K )  , uranium (U) , and t ho r i um (Th)  con ten ts  

frorn counts p e r  second were those ob ta ined  f rom BFEC when t h e  ins t ruments  

were checked and c a l  i b r a t e d  a t  t he  Grand J u n c t i o n  i ns t rumen t  c a l  i b r a t i o n  

. . 
f a c i l i t i e s .  , 

I n s o f a r  as possib. le,  r a d i a t i o n  measurements were taken w i t h  t h e  

instrumen.ts r e s t i n g ,  on n e a r l y  f l a t  ground o r  r ock  sur faces  we1 1  removed 

f rom the  e f fec ts  of v e r t i c a l  r e l i e f .  One s c i n t i l l a t i o n  coun te r  b roke  down 

d u r i n g  t h e  midd le  o f  t he  f i e l d  e f f o r t ,  and t h e  spect rometer ,  be ing  much 

more s u s c e p t i b l e  t o  ma l f unc t i ons  d u r i n g  f i e l d  opera t ions ,  exper ienced 

cons iderab le  downtime. Th i s  i s  t h e  reason f o r  t h e  somewhat l e s s  than  

des i r ed  coverage, a1 though n o t  a1 1  o f  t h e  spect rometer  r a d i a t i o n  data 

a re  i n c l u d e d  i n  appendix C .  More da ta  a r e  presented i n  t h e  p e r c e n t i l e  

p l o t s  of  e q u i v a l e n t  KUT compr is ing  f i gu res  C-8, C-9, and C-10. A  

p a r t i a l  s t a t i s t i c a l  summary of  t h e  spect rometer  da ta  i s  i n c l u d e d  i n  t a b l e  

C - I .  
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The a r e a l  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  s t a t i o n s  i s  shown on 

p'l a t e  4. Nul~ierous s c i  trt i 11 a t i o n  i i i eas~~re l~ len ts  were o l ~ t a i  ned, I-)trt .I;he,y 

a r e  n o t  i n c l u d e d  i n  appendix C .  However, they  r e f l e c t  e x a c t l y  t h e  

r e 1  a t i o n s h i  ps ev idenced by t he  spect rometer  r a d i a t i o n  data.  The observed 

r a d i a t i o n  response and r e l a t i v e  r a d i o a c t i v i t y  o f  t h e  var ious  s t r a t i  g raph i c  

u n i t s  a r e  d e p i c t c d  g raph i ca l ' l y  i n  f i gu res  C-12 through C-15. The .geo log ic  

codes a re  e x p l a i n e d  i n  t a b l e  I V a n d  serve t o  i d e n t i f y  l i t h o l o g i c  as w e l l  

as s t r a t i g r a p h i . c  u n i t s .  The use o f  m u l t i p l e  geo log i c  codes f o r  t he  same 

1 i t h o s t r a t i g r a p h i . c  u n i t s  i s  due t o  t h e  f a c t  t h a t  p rev ious  geo log i c  mapping 

and pub l i shed  r e p o r t s  i n  t h e  R a f t  R i v e r  area were done by f o u r  d i f f e r e n t  

g e o l o g i s t s ,  and t h e  a r e a l  l i t h o l o g i c  and s t r a t i g r a p h i c  c o r r e l a t i o n s  were 

n o t  f i n a l i z e d  u n i t 1  a f t e r  t he  a n a l y t i c a l  da ta  were s tud ied .  

The r a d i a t i o n ' d a t a  g r a p h i c a l l y  presented i n  f i g u r e s  C-12 th rough C-15 

d e p i c t  e x a c t l y  t h e  r e l a t i o n s h i p s  no ted  f o r  t h e  major l i t h o s t r a t i g r a p h i c  

u r ~ , i t s  w i t h i n  t h e  f i r s t  few weeks o f  sampl ing and f i e l d  observa t ions .  I n  

qenera l  , t h e  Green Creek ~ o m p l  ex e x h i b i t s  t he  h i g h e s t  r a d i o a c t i v i t y ,  as 

w e l l  as t he  h i g h e s t  equiva-lent: rad iue lernent  con ten ts  o f  t h e  measured rocks  

( f i g s .  C-8 th rough C-10 and C-12 throLgh C-15). 

The most u r a n i f e r o u s  and r a d i o a c t i v e  l i t h o l o g i e s  i n  t h e  Green Creek 

Complex i n c l u d e  a d a m e l l i t e ,  o r  i t s  metamorphosed equ i va len t ,  a d a m e l l i t e  

gne iss .  and t r ondh jem i te ,  pegmat i te ,  and s i l i c i c  s c h i s t .  M a f i c  s c h i s t  and 

amph ibo l i t e  a r e  t h e  l e a s t  u ran i fe rous  and e x h i b i t  t h e  lowes t  r a d i o a c t i v i t y .  

I t  i s  a l s o  notewor thy t h a t  t he  adamel l i t e  gneiss i n  t he  Grouse Creek and 

A l b i o n  Mountains corresponds t o  t h e  h i q h e s t  s t r u c t u r a l  l e v e l  and t h e  

h i g h e s t  metamorphic qrade exposures o f  t h e  Green Creek Complex (Armstrong, .@ 
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MODIFIED AFTER SAMPLE TYPE 

CEULOGIC 
UNl T 
CODE 

UKOO 
(IAG I 
IlAL 
Ill1 
UA!; 
Ill1 
Ut 
U  AC 
rsL 
IAP 
I V  
TVG 
TS 
PPO 
PO 
01' 
EMF' 
6CB 
ECBQ 
ZHSU 
LHS 
ESS 
PESS 
PGY 
I'CYIJ 
PLY S 
X Y  
6 r 
EYI! 
ENS 
PELIN 
XLlNS 
XIIN' 
I'EE 
PEE[) 
PC1 S 
PCEC 
X C 
XEIj7 
XEI'C 
PC05 
PEOl 
PElH 
PEMl 
P6A 
PCAO 
PEAG 
PEA5 
UCGN 
WGAD 
WGSll 
WLXS 
WG 

FORMATION NAME LITHOLOGY 

Quartz Ve in  
Water L a i n  Tuf f  

G r a n i t i c  

UII~IIOWII X X 
UII~IIOWII X X  
A l l~ rv i ta t r .  C o l l u v i u ~ ~ ~  X  X X X X X 
A l l u v i u ~ r ~ ,  C o l l u v i u n ~  X X X 
A1 I uv i UIII, Cu I I uv i UIII X X X  X  
Undi f f e r ' e n t i d t e d  X X X X X  X  X X 

A l  I u v i u n ~  X  X X 
'A l  1  uv i UIII X X X  
Sal t Lake F o n ~ l d t i o n  X X  X  
Aln~o P l u t o n  X  X  X X  X 
Ash Flow T u f f s  X X  X 
T u f f s  X  X X  X 
Sediments X '  X  
P e r r ~ ~ i d r ~  Per~n.Undi f f .  X X  X 
U q i ~ i r r h  F o r l ~ ~ a t i o n  . X X X  X X  X 
Poyonip Croup X X X  X X  X 
S c h i s t  o f  Mahogany Peaks X X X  X X X  X 
Q u d r t r i t e  o f  C l a r k s  Basin X X X X  X .  X  X 
Qudrt.zi t e  o f  C la rks  Basin Q u a r t z i t e  X X X X  X  X 
t ~ d r r i s o n  Sunn~i t Q u a r t z i t e  Q u a r t z i t e  X X  
tIa~.r.i,or~ SUIIIII~ t Q u d r t z i  t e  X X X X  
S c h i s t  o f  Stevens Spr ing X X 
S c h i s t  o f  5tevens Spr ing  S c h i s t  X X X X  X 
Q u a r t z i t e  o t  Yost X X X X 
( l u d y t z i t e  o f  Yost  Q u d r t z i  t e  . X  X X 
Q u a r t z i t e  o f  Yost S c h i s t  X X X  
O u a r t r i  t e  o f  Yos l  X X  X 
O u a r t z i  tr o f  Yost x. X 
Q u d r t l i  t e  o f  Yost U u a r t z i  t e  X X 
S c h i s t  o f  the  Upper Ndrrows X  X X  X  
S c h i s t  o f  the  Upper Ndrrows S c h i s t  X X X  X 
5 c h i s t .  o f  t i le UPIJCI' Ndrr0wS S c h i s t  Y? X 
5 c h i s t  o f  the  Upper Ndrruws , X X X 
Elbd Uuar . t r i te  X X X X  X .  X X 
Clba Q u a r t z i t e  Q u a r t z i t e  X X X X  X X 
Elbd S c h i s t  S c h i s t  X X 
t l b a  1 ) u d r t z i t e  Pebble Conylo~nerate X X X X  
Elba O u a r t z i t e  X X  X 
I i l ba  I j u a r t z i  t e  Q u a r t z i t e  X X 
El l ld I ) c l a r t z i t e  Pebble Conglomerate X  X 
O lder  S c h i s t  - S c t i i s ~  X X X  X 
O lder  S c h i s t  8 Trondhjelni te Conlposi t e  Sample X  X 
Metdlllorphosed ' I rondh jen~ i  t e  Trundhjell l i  t e  X X X  X  
M d f i c  Igneous Rocks Undetermi ned X  X X  x 
Atlalac 11 i tes  X X X  ' X  X 
Adat~~c I l i tes  Adanle 1  1 i t e  X x X X  
A~~II IC 1 I i t e s  Gneiss X  X X . X  
Addllle I 1  i t e s  S c h i s t  X X X X  
Grt:cn Creek Complex Gneiss X  X X X  
Green Creek C o l ~ ~ p l e x  Adan~el li t e s  X X  X X  
Green Creek Co~~lp'lex S c h i s t  X X X .  X  
G~.cen Creek Con~plc! Gneiss 8 S c h i s t  X X X  X 
Green Creek Con~plex X X  X X X 

UNITS OF UNKNOWN AGE AND CORRELATION 

Q u d r t z i  t e  X X  X  
QudrLz iLe  o f  Daley Creek X  X X  
I ~ ~ J e c t i n n  Co111p1t.x o f  Mldd le  Mountdin X  X  X  
D o l o r ~ ~ i t e  o f  Cassia C n ~ ~ n t y  . X X  X 

Table IV 

EXPLANATION OF GEOLOGIC UNIT 
CODES USED IN GEOCHEMICAL SAMPLING 



. .  . 
. . . . 

1968a; Compton and o thers ,  1977). 

R e l a t i v e  t o  igneous and metamorphic rocks i n  general,  li tho log ies  

i n  t h e  Green Creek Complex are n e i t h e r  abnor~ i ia l l y  r a d i o a c t i v e  nor. 

anomalously u ran i  fe rous .  This i s  r e f l e c t e d  i n  the  logprobab i l  i t y  , 1 ogfrequency , 

and p e r c e n t i l e  p l o t s  o f  rad iomet r ic -equ iva len t  and chemical uranium, 

thorium, and potassium contents f o r  these rocks ( f i g s .  C-2, C-3, C-6, and 

C-8 throurlh C-15). They conta in,  on the  average, on ly  c l a r k e  concentrat ions 

o f  uranium now, a l though completely unweathered o r  premetamor'phic adame l l i t e  

may have contained n e a r l y  tw ice  as much uranium. The e f f e c t s  o f  reg iona l  

nietamorphism and Cenozoic p lu ton ism on the  uranium contents o f  rocks i n  

t he  Green Creek Colnplex are unknown, b u t  t he  presence of so lub le  uranium 

i s  i n d i c a t e d  because o f  the s t a t i s t i c a l l y  s i g n i f i c a n t  and h igh  p o s i t i v e  

c o r r e l a t i o n  c o e f f i c i e n t s  between s o l u b l e  ( f l  uorometr ic)  and t o t a l  uranium 

contents i n  stream sediment and rock samples ( t a b l e s  B-I1 and C - V I I I ) .  

Precambrian X ( ? )  sch i s t s  and conglomerates are the  nex t  most 

r a d i o a c t i v e  rocks i n  t he  study area. Although data f o r  t h e  conglomerates 

are  n o t  inc luded,  examinat ion o f  the chemical, r a d i a t i o n ,  and rad iomet r i c -  

equ iva len t  data i n d i c a t e s  t h a t  these l i t h o l o g i e s  compare q u i t e  favorably 

t o  rocks i n  the Green Creek Complex ( f i g s .  C-2, C-3, C-6, and C-8 through 

C-15). Precambrian X ( ? )  sch i s t s  and conglomerates e x h i b i t  h igher  

r a d i o a c t i v i t y  than q u a r t z i t e s .  The response i s  r e l a t i v e l y  un i fo rm (100 t o  

200 cps) throughout the  study area and except i n  the  presence o f  abnormal 

heavy n i inera l  concentrat ions,  r a r e l y  exceeds 200 cps on a GR-1O1A 

s c i n t i l l a t i o n  counter .  This i s  about the  same range and maximum as observed 

f o r  rocks i n  the.Green Creek Complex, a l though h igh  count was encountered 

more f requen t l y  i n  t he  l a t t e r  u n i t .  
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I r r e s p e c t i v e  o f  age, q u a r t z i t e s  a re  n e i t h e r  ve ry  rad ioac . t i ve  n o r  ve ry  

u ran i f e rous  ( t a b l e s  C-I1 and C-111 and f i g s .  C-2, C-3, C-6, and C-8 through 

C-15). P roo f  o f  t h i s  i s  f u r t h e r  r e f l e c t e d  i n  t h e  co inc idence  o f  two 

l a r g e  Precambrian X ( ? )  and Z ( ? )  q u a r t z i t e  exposures i n  t h e  n o r t h e r n  

A l b i o n  Range and two prominent geochemical lows i n  uranium concen t ra t i ons  

i n  waters ( f i g .  A-3). Q u a r t z i t e  w i t h  anomalous r a d i o a c t i v i t y  o f  t h r e e  

t o  f o u r  t imes background was no ted  l o c a l l y  i n  t h e  Elba outcrops above 

B u l l  Lake C i rque  i n  t h e  c e n t r a l  R a f t  R i v e r  Mountains.  The 

anomalous r a d i o a c t i v i t y  i s  be1 i eved  t o  stet11 f rom o x i d a t i o n  o f  weak, b u t  

pervas ive ,  e p i g e n e t i c  p y r i t e  m i n e r a l i z a t i o n  and accompanying abso rp t i on  

o f  sparse u rany l  s u l f a t e  i n  f e r r i c  hydrox ides p r e c i p i t a t e d  i n  u b i q u i t o u s  

f r a c t u r e s  as waters evaporate a t  t h e  outcrop.  

Pa leozo i cca rbona te rocks  were n o t  s t u d i e d  i n  any d e t a i l  d u r i n g  t h i s  

s tudy  because they a r e  t y p i c a l l y  poor  sources o f ,  and u n l i k e l y  hos ts  f o r ,  

economic uranium m i n e r a l i z a t i o n .  Moreover, any m i n e r a l i z a t i o n  l i k e l y  t o  

occur  i n  carbonates f a l l s  o u t s i d e  t h e  scope and o b j e c t i v e s  o f  t h i s  s tudy .  

Nonetheless, a  few coniments on t h e i r  r a d i o a c t i v i t y  i s  a p p r o p r i a t e  a t  t h i s  

p o i n t .  Some r a d i a t i o n  measurements were ob ta i ned  b u t  they  a r e  n o t  i n c l u d e d  

i n  Appendix C. Pa leozoic  carbonates, l i k e  q u a r t z i t e s ,  t y p i c a l l y  d i s p l a y  

low count ,  u s u a l l y  l e s s  than 75 cps on a  GR-101A s c i n t i l l a t i o n  coun te r .  

The,y a l s o  c o n t a i n  low uranium values.  Th i s  i s  s u b s t a n t i a t e d  by t h e  low 

uranium contents  of wa te r  c o l l e c t e d  from, o r  ve ry  near,  ex tens i ve  carbonate 

exposures. Only two excep t ions  occur  i n  t h e  s tudy  area, and b o t h  can be 

exp la ined  by t h e  o x i d a t i o n  o f  s u l f i d e s  and ex tens i ve  d i s s o l u t i o n  o f  

Paleozoic  carbonates by a c i d  s u l f a t e  water .  
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The s tudy  o f  t u f f aceous  , f l u v i  a1 -1 a c u s t r i n e ,  b a s i n - f i  11 sediments 

l i k e w i s e  f a l l s  o u t s i d e  t he  scope and o b j e c t i v e s  o f  t h i s  i n v e s t i q a t i o n ,  b u t  

a  few coniments concern ing  t h e i r  r a d i o a c t i v i t y  a r e  deemed wor thwh i le .  

Exposures o f  t u f f aceous  sediments g e n e r a l l y  c o i n c i d e  w i t h  o r . a r e  o u t s i d e  

o f  t h e  boundaries o f  t h e  s tudy  area. These sediments' e x h i b i t  a  wide range 

o f  r a d i o a c t i v i t y .  F ine-g ra ined  1  i t h o l o g i e s  t y p i c a l l y  count t h e  h i g h e s t  

and coa r fe -g ra ined  1  i t h o l o g i e s  t h e  lowest .  A t . yp ica l  range i s  50 t o  150 

cps on a  GR-1O1A s c i n t i l l a t i o n  coun te r .  R e l a t i v e  t o  o t h e r  rocks  i n  t h e  

s tudy  area, t h i s  i s  h i g h e r  than q u a r t z i t e s  and Pa leozo ic  carbonates and 

lower  than a d a m e l l i t e s ,  pegmat i te ,  t r ondh jem i te ,  s c h i s t ,  o r  E lba conglomerate. 

Wh i le  these sediments were n o t  observed t o  be anomalously r a d i o a c t i v e  o r  

m i n e r a l i z e d ,  Mapel and H a i l  (1959) r e p o r t e d  them t o  be such i n  Goose 

Creek Basin,  which i s  l o c a t e d  j u s t  west of t h e  s tudy  area and southwest 

o f  Oakley,  Idaho ( p l a t e  4 ) .  

A i rborne  Radi omet r i  cs 

Recent l y  f l own  and o p e n - f i l e d  a i r b o r n e  r a d i 0 m e t r . i ~  surveys cover  a l l  

o f  t h e  R a f t  R i v e r  area on a  wide-spaced g r i d  (Texas Ins t ruments ,  1979; 

Geodata . I n t e r n a t i o n a l  , 1979).  Twenty-one a i  rborne  anomal i e s  were de tec ted  

and c l a s s i f i e d  as p r e f e r r e d  anomal ies.  These a r e  shown on p l a t e  4. The 

f o l l o w i n g  remarks a r e  in tended t o  p rov ide  some e v a l u a t i o n  o f  those p r e f e r r e d  

anomalies which wa r ran t  a d d i t i o n a l  sampl ing and f i e l d  check ing i n  l i g h t  

o f  t h e  f i n d i n g s  of  t h e  p resen t  s tudy .  Some water,,.stream sediment, and 

rock  sampl ing s i t e s  c o i n c i d e  w i t h  o r  occur  i n  c l ose  p r o x i m i t y  t o  some of t he  

a i r b o r n e  anomalies ( p l a t e s  2 -4 ) .  rn 
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rn A i rbo rne  anomalies 1, 2, 5, 6, 7, 12, 16, and 21 correspond t o  areas 

u n d e r l a i n  by e i t h e r  Precambrian Z ( ? )  , Pa leozo ic ,  o r  T e r t i a r y  sedimentary 

rocks.  For t h e  most p a r t ,  these same areas c o i n c i d e  w i t h  sparse geochemical 

salnpl i n q  coverage, because t h e  bedrock q e o l o ~ y  was n o t  r e l a t e d  d i r e c t l y  

t o  t he  scope and purpose o f  t he  p resen t  i n v e s t i q a t i o n .  Accord ing ly ,  ve ry  

l i t t l e  i n f o r m a t i o n  can be p rov ided  about t he  o r i g i n  o f  anomalies 1, 2, 6, 

7, 12, 16, and 21, Anomalies 1 and 2 correspond t o  a l loch thonous  sheets 

o f  Paleozoic  carbonates and Precambrian Z ( ? )  q u a r t z i t e ,  s c h i s t ,  and marble,  

r e s p e c t i v e l y .  Tuffaceous, f l u v i a l - l a c u s t r i n e ,  b a s i n - f i l l  sediments masked 

by a t h i n  veneer o f  a1 luv ium under1 i e  a i r b o r n e  anomalies 6, 7, and 16 and 

p robab ly  a l s o  anomaly 21. Whi le none o f  these a i r b o r n e  r a d i a t i o n  anomalies 

are b e l i e v e d  t o  be r e l a t e d  t o  impo r tan t  uranium m i n e r a l i z a t i o n ,  t h i s  i s  

p u r e l y  specu la t i on  and f o l l ow -up  i s  p robab ly  j u s t i f i e d  i n  t h e  absence o f  

r e l i a b l e  data.  

Anomaly 3 i .s b e l i e v e d  n o t  t o  be r e l a t e d  t o  uranium ' m i n e r a l i z a t i o n  

hav ing  econonlic p o t e n t i a l  b u t  r a t h e r  t o  be due t o  combined e f f e c t s  o f  

a l t i t u d e ,  topography, and Archean a d a m e l l i t e  gne iss .  It may be r e i n f o r c e d  

by u ran i f e rous  heavy m ine ra l  concen t ra t ions  i n  nearby Elba conglomerates, 

b u t  they  a r e ' n o t  d e f i n i t e l y  known t o  be p resen t  i n  t h i s  area, a l though 

Armstrona (196.8a) r e p o r t e d  Elba conglomerate n o t  t o o  f a r  d i s t a n t  i n  t h e  

c i r q u e  nor thwes t  o f  Cache Peak. Nearby stream sediment anomalies a r e  

i n t e r p r e t e d  t o  r e f l e c t  concen t ra t ions  o f  r e s i s t a t e  heavy m ine ra l s  de r i ved  

f rom e ros ion  o f  t h e  Green Creek Complex. 

The o r i g i n  o f  anomaly 4 i s  l i k e w i s e  unknown b u t  i s  b e l i e v e d  t o  be 

u n r e l a t e d  t o  uranium m i n e r a l i z a t i o n  o f  any iwpor tance.  It may rep resen t  

an e r r o r  i n  c l a s s i f i c a t i o n ,  inasmuch as t h e  anomaly was ass igned t o  t h e  
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. . . . Stevens Spr ing-Yost -E lba sequence i n  t h e  a i r b o r n e  r e p o r t  (Texas Ins t ruments ,  

Inc . ,  1970).  The p l a t t e d  l o c a t i o n  on p l a t e  4 corresponds t o  outcrops o f  

Upper  arrows s c h i s t  ( p l a t e  1  ) , which w i t h i n  t h e  s tudy  area are ktiown t o  

c o n t a i n  smal.1, s c a t t e r e d  metamorphic segregat ions o f  qua r t z - f e l dspa r ,  

p o t a s s i c - g r a n i t e ,  and- .carbonate-bear ing syen i t e .  These may be q u i t e  

r a d i o a c t i v e  very  . l o c a l l y  (400 t o  500 cps) ,  b u t  f rom an econoni i ,~ v i ewpo in t ,  

t h e  seqrena t ions  a r e  t o o  smal l  and w i d e l y  s c a t t e r e d  t o  be o f  any curlsequence 

as a c o ~ i ~ r r ~ e r c i a l  source o f  uranium. However, they  may be t h e  source o f  

o r  c o n t r i b u t e  t o  t h e  d e t e ~ t e d ~ a n o r n a l y .  Nearby subanomalous and anomalous 

s t ream sediment samples r e f l e c t  r e s i s t a t e  heavy m ine ra l  concen t ra t i ons  

r e s u l  t i n q  f r om e r o s i o n  o f  Precambrian W and X ( ? )  rocks  and T e r t i a r y  

adamel 1  i t e  ( p l a t e  3 ) .  

A i r bo rne  anomaly 5 co inc ides ,  i n  genera l ,  w i t h  an Ol igocene a d a m e l l i t e  

i n t r u s i o n ,  t h e  Almo p l u t o n ,  and s p e c i f i c a l l y ,  w i t h  a  peqmat i te  uranium 

occurrence.  Accord ing t o  B i  11 G a l l a n t  ( o r a l  communication, 11/13/73), 

qa rne t ,  p l a q i o c l a s e ,  ~ ~ ~ a y n e t i t e ,  and samarski t e  occur  i n  t h e  pegmat i te ,  

l o c a t e d  i n  s e c t i o n  36, T.  15 S . ,  R .  23 E.  I n t e r e s t i n g l y ,  hydrogeochemical 

anomaly 41 ( p l a t e  2 )  i s  l o c a t e d  approx imate ly  two m i l e s  southeast  i n  a  smal l  

c reek d r a i n i n g  Archean and Ol igocene adame l l i t es  and Precambrian X ( ? )  

q u a r t z i t e  and conglomerate ( p l a t e s  1-2) .  N e i t h e r  t h e  a i r b o r n e  n o r  t h e  s t ream 

wa te r  anomaly r e f l e c t  uranium m i n e r a l i z a t i o n  w i t h  economic p o t e n t i a l .  The 

s t ream water  anomaly may be accen tua ted 'by  and r e l a t e d  t o  o x i d a t i o n  o f  

weak e p i  gene t i c  s u l f i d e  m i n e r a l i z a t i o n  i n  t h e  E lba  Q u a r t z i t e .  The s i n g l e  

s t ream sediment .anomaly s i g n i f i e s  an abno rma l ' concen t ra t i on  o f  uranium 
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a i n  heavy minera ls  disseminated i n  and weathered and eroded f rom pegmati te,  

a p l i t e ,  adamel l i te ,  q u a r t z i t e ,  and conglomerate. The C i t y  o f  Rocks area 

i s  be l ieved t o  have been thoroughly explored by both e a r l y  prospectors 

and the  sampling .crew. No fo l l ow  up i s  recommended f o r  e i t h e r  t he  

a i rborne o r  geochemical anomalies. 

The source o f  a i rbo rne  anomaly 8 i s  l i k e w i s e  unknown b u t  i s  speculated 

t o  be c l o s e l y  r e l a t e d  t o  the  o r i g i n  o f  two uran i fe rous  spr ings corresponding 

t o  the same l o c a t i o n  ( p l a t e  2, anomaly 40). The chemistry o f  t he  spr ings 

suggests t h a t  . o x i d a t i o n  . o f  p y r i t e  and s o l u t i o n  o f  bedrock by a c i d  s u l f a t e  

water probably account f o r  t he  two hydrogeochemical anomalies. Whereas 

d e t a i l s  of the  l o c a l  geology are unknown, they may be s i m i l a r  t o  those o f  

known areas i n  the R a f t  R iver  Mountains where Elba o r  Yost q u a r t z i t e s  

are  weakly b u t  pervas ive ly  minera l i zed w i t h  p y r i t e .  Ox' idat ion r e s u l t s  i n  

m o b i l i z a t i o n  o f  uranium and o t h e r  h i g h l y  so lub le  elements which i n  t u r n  may 

be adsorbed by, and p r e c i p i t a t e d  w i t h  , i n s o l u b l e  f e r r i c  hydroxide t o  form 

a  modestly r a d i o a c t i v e  gossan i n  the  absence o f  s i g n i f i c a n t  uranium 

m i n e r a l i z a t i o n .  These processes may c o n t r i b u t e  t o  the  cause o f  bo th  the  

a i rborne anomaly and the  associated two p o i n t  hydrogeochemical anomaly. 

Stream sediment coverage i s  e x c e l l e n t ,  bu t  no anomalies e x i s t  ( p l a t e  2 ) .  

As a  precaut ionary measure, f o l l o w  up sampling and a d d i t i o n a l  f i e l d  

observat ions o f  geol ogy are recommended, though the  o r i  g i n  o f  a i rbo rne  

ancu~~aly 8 i s  probably r e l a t e d  t o  the combined e f f e c t s  o f  a l t i t u d e ,  

topography, c o n t r a s t i n g  r a d i o a c t i v i  t i e s  o f  q u a r t z i t e  and adamel 1 i t e ,  and 

weakly u ran i  ferous gossan. 

Ai rborne anomaly 9  i s  assigned i n  the  a i rbo rne  r e p o r t  t o . t h e  Precambrian 

Harr ison Group (Geodata I n t e r n a t i o n a l  , Inc .  , 1979). This  i s  an obsolete 

s t r a t i g r a p h i c  term d e r i v i n g  from Anderson's (1931 ) e a r l y  work i n  t he  A1 b ion  
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Range. Armstrong (1968a) proved t he  u n i t  t o  be composite, t h a t  i s ,  

i n c l  u d i  ng u n i t s  o'f b o t h  Archean and 01 i gocene age. Geochemical sampl e  

coverage i n  t h i s  a rea  i s . l a c k i n g ,  b u t  t h e  geo log ic ,  topograph ic  and 

geographic  s e t t i n g s  o f  t h e  a i r b o r n e  anomaly suggest two p o s s i b l e  

exp lana t i ons ,  n e i t h e r  o f  which i n v o l v e s  impo r tan t  uranium m i n e r a l i z a t i o n .  

Bo th  exp iana t i ons  i nvoke  t he  combined e f f e c t s  o f  a l t i t u d e  and topography, 

as shown on p l a t e  4 ,  and the  presence o f  e i t h e r  E lba conglomerate o r  

upper.  Narrows s c h i s t .  S ince t h e  p o s i t i o n  o f  t h e  a i r b o r n e  anomaly 

appa ren t l y  a l lows '  f o r  e i t h e r  o r  bo th  1  i t h o l o g i e s  t o  be p resen t  ( p l a t e  I ) ,  

t h e  anomaly p robab ly  respresen ts  t he  combined e f f e c t s  of a1 t i  tude, 

topography, and l i t h o l o g y  and bears no r e l a t i o n  t o  s i g n i f i c a n t  uranium 

m i n e r a l i z a t i o n ,  

A i r bo rne  anomaly 10 was assigned t o  t h e  Dove Creek Group i n  t h e  

o r i g i n a l  r e p o r t  (Geodata I n t e r n a t i o n a l ,  I n c . ,  1979). The p l a t t e d  p o s i t i o n  

o f  t h e  anomaly, however, s t r a d d l e s  ou tc rops  of  T e r t i a r y  welded d a c i t e  t u f f  

and s c h i s t  o f  t h e  I lpper  Nar.r.uws ( u l a t e  1 ) .  Moreover, t h i s  anomaly i s  a l s o  

s i t u a t e d  between two sp r i ngs  which d ischarge  f rom t h e  Upper Narrows s c h i s t  

( p l a t e  2 ) .  The n o r t h e r n  s p r i n g  con ta ins  7  ppb uranium and t h e  southern 

spr ing,3.5 ppb ( t a b l e  A-V). Both a re  t y p i f i e d  by anomalous s u l f a t e  and 

c h l o r i d e  con ten ts ,  which suggest t he  s p r i n g  waters  owe t h e i r  anomalous and 

subanomalous uranium values t o  abnormal s a l i n i t y  r e s u l t i n g  f rom subsur face 

o x i d a t i o n  of d issemina ted  p y r i t e  and accompanying d i s s o l u t i o n  o f  s c h i s t  

by a c i d  s u l f a t e  wate r .  I n  1  i g h t  o f  these observa t ions  .and i n t e r p r e t a t i o n s ,  

i t  i s  d o u b t f u l  t h a t  t h e  a i r b o r n e  anomaly r e l a t e s  t o  impo r tan t  uranium 

m i n e r a l i z a t i o n .  I f ,  however, o t h e r  a i r b o r n e  anomalies n o t  f a r  d i s t a n t  

a r e  checked, t h i s  shou ld  be checked a l so ,  s i n c e  access i s  e x c e l l e n t  and 

f o l l ow -up  would r e q u i r e  1  i t t l e  add i t ona l  t ime.  
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The o r i g i n  o f  anomaly 11 i s  unknown. I t  was assigned t o  T e r t i a r y  

tu f faceous  sed,iments i n  the. a i r b o r n e  r e p o r t ,  b u t  t h e  p l o t t e d  l o c a t i o n  on 

p l  a t e  4 corresponds t o  ,Archean adamel 1  i t e  gneiss and Precambri an X ( ? )  

rocks,  which s'uggest a  m i s c l a s s i f i c a t i o n  o f  r a d i a t i o n  data.  Moreover, 

t h e  combjned e f f e c t s  o f  a1 t i  tude and topography may a l s o  be c o n t r i b u t i n g  

f a c t o r s ,  s i n c e  anomaly 11 co inc ides  w i t h  t h e  c r e s t  o f  t h e  mountain.  S i n g l e  

p o i n t  hydrogeochemical and stream sediment anomalies occur  j u s t  sou th  

o f  t he  a i r b o r n e  anomaly ( p l a t e  2-3) ,  b u t  n e i t h e r  i s  i n t e r p r e t e d  t o  be 

r e l a t e d  t o  s i g n i f i c a n t  uranium m i n e r a l i z a t i o n .  The uranium con ten t  b a r e l y  

exceeds th resho ld ,  and t he  c h l o r i d e  i s  subanomalous, sugges t ing  an o r i g i n  

due t o  t h e  e f f e c t s  o f  bedrock s o l u t i o n  and s a l i n i t y .  The stream sediment 

anomaly l i k e l y  de r i ves  f rom r e s i s t a t e  heavy m ine ra l s .  No f o l l ow -up  i s  

recommended f o r  e i t h e r  t h e  a i r b o r n e  o r  geochemical anomal ies.  

Anomaly 12 was ass igned t o  qua te rnary  a l luv ium,  b u t  a  more l i k e l y  source 

i s  a  f a u l t  s l i c e  o f  e i t h e r  Mahogany Peak o r  Stevens Sp r i ng  s c h i s t .  Both 

a r e  'mapped i n  t h i s  area where ex tens i ve  exposures o f  C la rks  Bas in  Q u a r t z i t e  

and these two s c h i s t s  a l t e r n a t e  i n  severa l  i m b r i c a t e  sheets (Compton, 1972).  

Q u a r t z i t e  possesses very  low r a d i a t i o n  response, b u t  these s c h i s t s  t y p i c a l l y  

count  i n  t h e  range o f  two t o  t h r e e  t imes q u a r t z i t e .  Noteworthy a r e  t h r e e  

hydroqeochemical anomalies about t h r e e  m i l e s  t o  t h e  southeast  o f  t h e  

a i r b o r n e  anomaly ( p l a t e  2 ) .  A1 1  t h r e e  a re  s t ream waters  c o l l e c t e d  f rom 

low p o i n t s  i n  t h e i r  r e s p e c t i v e  dra inage bas ins .  One steam d r a i n s  t h e  

e n t i r e  area sur round ing  and i n c l u d i n g  t he  a i r b o r n e  anomaly. ~ i 1  t h r e e  

waters c o n t a i n  uranium values a t  most 2  ppb i n  excess o f  t h r e s h o l d  

(4.33 ppb) and have anomalous c h l o r i d e .  These t h ree  u r a n i f e r o u s  waters  

do n o t  r e f l e c t  impo r tan t  uranium m i n e r a l i z a t i o n  b u t  r a t h e r  t h e  combined 
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e f f e c t s  o f  chemical  weather ing  and s o l u t i o n  o f  bedrock, which r e s u l t  

i n b a r e l y  anomal'ous uranium values downstream where t h e  e f f e c t s  o f  
. . 

s a l  i n i  t y .  become more ()r.uriuunced, as re f1  ec ted  i n  t he  assoc ia ted  c h l o r i d e  

anomal ies.  Stream sediment anomalies a re  absent i n  t h i s  area ( p l a t e  3 ) .  

No f o l l ow -up  i s  war ran ted  f o r  e i t h e r  t he  a i r b o r n e  o r  hydrogeochemical anomalies. 

A i r bo rne  anomal i e s  13, 14, 15, 18, 19, 21 , and 22 share some common 

d t t r i b u t e s  which a r e  b e l i e v e d  t o  account f o r  most, i f  n o t  a l l ,  o f  l l i e  

anomalous r a d i o a c t i v i t y .  A1 1 a r e  s i m i l a r ,  i n  t h a t  p la t ted1  l o c a t i o n s  ( p l a t e  4 )  

c o i n c i d e  c l o s e l y  w i t h  con tac t s  between l i t h o l o g i e s  e x h i b i t i n g  sha rp l y  

c o n t r a s t i n g  r a d i a t i o n  response. Wi thout  be ing  s p e c i f i c  f o r  each anomaly, 

t h e  con tac t s  i n v o l v e  a combinat ion o f  e i t h e r  Pa leozo ic  carbonate, Yost 

Q u a r t z i t e ,  o r  E lba Q u a r t z i t e ,  a1 1 o f  which possess low r a d i o a c t i v i t y ,  and 

Archean adaniell i t e  o r  s c h i s t ,  o r  Precalnbri an X ( ? )  s c h i s t  o r  conglomerate, 

which a1 1 e x h i b i t  h i g h e r  r a d i o a c t i v i t y  ( f i g s .  C-12 through C-15). I n  

a d d i t i o n ,  anomalies, 13, 14, 17, 18, and 22 a re  s i t u a t e d  i n  s e t t i n g s  where 

t e r r a i n  e f f e c t s  cou ld  c o n t r i b u t e  t o ,  o r  accentuate,  these r a d i a t i o n  

c o n t r a s t s .  They l i e  a t  h i g h  e l e v a t i o n s  on t h e  c r e s t s  o f  h i l l s  o r  mountain 

r i d g e s ,  whcrcas 15 and 17 c o i n c i d e  1; r i  t h  canyorls ( p l a t e - 4 ) .  Anomal i e s  

14, 17, 18, and 22 ,' the re fo re ,  p robab ly  o r i g i n a t e  from t h e  combined 

e f f e c t s  of t e r r a i n ' a n d  sharp c o n t r a s t s  i n  r a d i o a c t i v i t y  between bedrock 

l i t h o l o g i e s .  Whi le  geochemical sample coverage i n  t h e  immediate areas o f  

these  f o u r  a i r b o r n e  anomalies i s  e i t h e r  e n t i r e l y  lack in 'g  o r  sparse, none i s  

b e l i e v e d  t o  r e f l e c t  s i g n i f i c a n t  uranium m i n e r a l i z a t i o n .  

A i r bo rne  anomalies 13, 15, 19, 20, and 21 a re  s i m i l a r  i n  some respec ts  

t o  t h e  p r e v i o u s l y  d iscussed anomal ies,  b u t  i n  a l l  f i v e  ins tances  t h e  

p o s s i b i l i t y  e x i s t s  t h a t  t h e  anomalies r e l a t e  t o  uranium m i n e r a l i z a t i o n ,  0. 
though o f  dubious importance. A l l  o f  these anomalies c o i n c i d e  w i t h ,  o r  
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o r  occur  i n  :prox imi ty  t o ,  known d i s t r i c t s  hav ing  g e n e r a l l y  weak base 
. . 

and prec ious metal  s u l f i d e  m i n e r a l i z a t i o n ;  S u l f i d e s  occur  i n  f a u l t s  , 

qua r t z  ve ins,  and con tac t  zones. Some d i s t r i c t s  have.produced s i g n i f i c a n t  

amounts o f  s i l v e r .  Anomalous o r  subanomalous uranium con ten ts  c h a r a c t e r i z e  

waters and strean, sediinents ob ta i ned  f r om w i t h i n  o r  v'ery near  t h e  a i r b o r n e  

l o c a l i t i e s  (p , .a tes 2 - 3 ) .  These areas a r e  l i k e w i s e  u n d e r l a i n  Sy t h e  more 

u ran i f e rous  and r a d i o a c t i v e  Precambrian W and/or X ( ? )  l i t h o l o g i e s  ( p l a t e  1 ) .  

The p r e f e r r e d  i n t e r p r e t a t i o n  i s  t h a t  n e i t h e r  t h e  a i r b o r n e  n o r  . the geochemical 

anomal i e s  i n d i c a t e  s i  gn i fTcant  uranium minera l  i z a t i o n .  
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HYDROLOGY 

Avai 1  a b l e  h y d r o l o g i c  r e p o r t s  deal  a lmost  e x l u s i  v e l y  w i t h  t h e  bas ins  

ad jacen t  t o ,  and g e n e r a l l y  o u t s i d e  of-  t h e  s tudy  area boundaries.  Th i s  

i s  t o  be expected s i n c e  major  wa te r  u t i l i z a t i o n ,  farming,. and wate r  

r e c r e a t i o n  a c t i v i t i e s  a r e  r e s t r i c t e d  t o  t he  low r e l i e f  areas.  

W i t h i n  t h e ' R a f t  R i v e r  area, c l i m a t e  v a r i e s  f rom semihumid i n  t h e  h i g h  
, . 

mountains t o  s e m i a r i d  on t he  ad jacen t  v a l l e y  f l o o r s -  Annual p r e c i p i t a t i o n ,  

mos t l y  i n  t h e  f o rm  o f  snow, ranges f rom 250 t o  1016 rnm (10 t o  40 inches)  

i n  t h e  bas ins  and ~nounta ins ,  r e s p e c t i v e l y .  A  number o f  t h e  l a r g e r  dra inages 

a r e  pe renn ia l  and s p r i n g s  o f  smal l  d ischarge  a r e  w i d e l y  d i s t r i b u t e d  i n  

t h e  mountains.  Most o f  these sp r i ngs  a re  l o c a t e d  a long  l i t h o l o g i c  

con tac t s .  Thus, s p r i n g s  o r  seeps c o i n c i d e  w i t h  con tac ts ,  between f r a c t u r e d  

Elba Q u a r t z i t e  and t h e  Green Creek Complex and a l s o  between q u a r t z i t e  and 

s c h i s t  jux taposed a long  low-angle f a u l t s .  

Rocks i n  t h e  mountains o f  t h e  s tudy  area t r a n s m i t  and s t o r e  i n s i g n i f i c a n t  

q u a n t i t i e s  o f  w a t e r  as compared w i t h  ad jacen t  bas ins .  Th i s  i s  because 

v i r t u a l  l y  a1 1  o f  t h e  p r ima ry  p o r o s i t y  and permeabi 1  i t y  have been des t royed  

d u r i n g  de fo rmat ion  and metalnoryhism. Thus, o n l y  sma l l  q u a n t i t i e s  o f  wa te r  

a r e  s t o r e d  and t r a n s m i t t e d  v i a  secondary p o r o s i t y  any p e r m e a b i l i t y  avenues, 

such as f a u l t s ,  f r ac tu res . ,  j o i n t s ,  and s o l u t i o n  c a v i t i e s .  

The mountains serve  as temporary s to rage  areas f o r  l a r g e  amounts o f  

p r e c i p i t a t i o n  i n .  t h e  ' form o f  snow. Thus, sampl ing i n  t he  s tudy  area was 

n e c e s s a r i l y  1  i n i i  t e d  t o  sp.rings , seeps, and pe renn ia l  streams. Only f o u r  

samples were ,ob ta ined .  f rom we1 1s. We1 1 s  a re  sha l  low, few i n  number, 

w i d e l y  separated,  and g e n e r a l l y  i naccess ib l e .  
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GEOCHEMISTRY METHODS 

Sample C o l l e c t i o n  

F i e l d  obse rva t i on  and sampl i n g  i n  t h e  R a f t  R i v e r  area were begun 

i n  e a r l y  August, 1979 and completed i n  l a t e  October,  1979. F i e l d  work 

was concentra ' ted i n '  areas u n d e r l a i n  by t h e  Precambrian W and X ( ? )  

t a r g e t  l i t h o l o g i e s .  Samples were .sh ipped  t o  Oak Ridge Labora to ry  

f o r  a n a l y s i s .  

Labora to ry  ana l ys i s ,  as we1 1  as c o m p i l a t i o n  and. v e r i f i c a t i o n  o f  

a l l  f i e l d  and l a b o r a t o r y  data,  commenced i n  November, 1979 and con t inued  

through March, 1980. I t  was n o t  p o s s i b l e ,  t h e r e f o r e ,  t o  f o l l o w - u p  

o r  f i e l d  check geochemical anomalies o r  ques t ionab le  r e s u l t s .  The 

f i n a l  f i e l d  and l a b o r a t o r y  da ta  base used t o  prepare t h e  s t a t i s t i c a l  

and a rea l  d i s t r i b u t i o n  o f  uranium and o t h e r  r e l a t e d  v a r i a b l e s  f o r  t h i s  

r e p o r t  was completed i n  May, 1980. 

Sa~npl i n g  niedia i nc l uded  rock  ou tc rops ,  s t ream sediments i n  ephemeral 

and pe renn ia l  drainages, and stream, s p r i n g ,  and a  very  few w e l l  

waters .  Sample types a re  d i s t r i b u t e d  as f o l l o w s :  f o u r  w e l l  waters ,  

214 s t ream waters ,  116 s p r i n g  waters  ( i n c l u d e s  seeps),  616 s t ream 

sediment samples, and 264 rock  samples. A t o t a l  o f  1214 geochemical 

samples were c o l l e c t e d  and analyzed. D i s t r i b u t i o n  and l o c a t i o n  o f  t h e  

var ious  sampl ing s t a t i o n s  a r e  shown on p l a t e s  2-4. 

Obvious gaps- in  t h e  sample coverage shown on p l a t e s  2-4 a r e  due 

t o  a  number o f  f a c t o r s .  The most n o t a b l e  a r e  areas o f  p r i v a t e  l a n d  

ownership i n  t he  southern and eas te rn  R a f t  R i v e r  Mountains and 

s c a t t e r e d  throughout  t h e  Dove Creek and Grouse Creek Mountains.  L i m i t e d  
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access hampered f i e l d  work i n  these areas. I n  add i . t i on ,  s i g n i f i c a n t  

areas a r e  under1 a i n .  by Pa leozo ic  and younger rocks which a r e  n o t  

d i r e c t l y  r e l a t e d  t o  t h e  p resen t  s tudy  o b j e c t i v e s .  Most n o t a b l e  a r e  

t h e  eas te rn  and- nor thwes te rn  p a r t s  o f  t h e  R a f t  R i v e r  Range, t h e  

western f l a n k s  o f  t h e  . . Grouse Creek Mountains,  and t h e  western and 
. . 

no r thwes te rn  f l a n k s  o f  t h e  A1 b i o n  Range. 

The d e n s i t y  and d i s t r i b u t i o n  o f  r o c k  samples shown on p l a t e  4 

i t i i t i a l l y  suyyested t h a t  more rock  samples would have been. d e s i r a b l e  

i n  some areas, b u t  , h i n d s i g h t  i n d i c a t e s  t h e  a d d i t i o n a l  coverage 

p robab ly  would n o t  have changed t h e  s tudy  r e s u l t s  and conc lus ions .  

I n  any case, i nc l emen t  weather,  hun t i ng ,  and heavy snow f a l l  f o r c e d  

t e r m i n a t i o n  o f  a l l  f i e l d  work l a t e  i n  October,  1979. 

Some random pH (47)  and t o t a l  -a1 k a l  i n i  ty  (39)  de te rm ina t i ons  

were made i n  t h e  f i e l d  u s i n g  a Corn ing model 3 pH meter  and a Hach 

model AL-AP a1 k a l  i ' i i t y  t e s t  k i t ,  r e s p e c t i v e l y .  No c o n d u c t i v i t y  

measurelncnts were made. These pH and a l k a l i n i t y  da ta  a re  i n c l u d e d  

i n  appendix A. Ins t ruments  were checked and c a l i b r a t e d  on a r e g u l a r  

b a s i s .  

Salnpl i ng procedures and sample l o c a t i o n  da ta  forms a re  d iscussed 

i 'n  same d e t a i l  by Arendt  and o t h e r s  (1979),  i n  " F i e l d  Sampling 

Procedures" (Uranium Resource E v a l u a t i o n  P r o j e c t ,  J u l y ,  1979),  and i n  

"Bas ic  I n s t r u c t i o n s  For  Use O f  Oak Ridge Geochemical Sampling Form By 

Bendi x  F i e l d  Eng ineer ing  Co rpo ra t i on "  (Uranium Resource Eva1 u a t i o n  

P r o j e c t ,  June, 1979).  Rock samples weighed a t  l e a s t  one k i l o g r a m  

and c o n s i s t e d ' o f  f i v e  t o  12 grabs which we randomly c o l l e c t e d  f rom 
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a few hundred square f e e t  o f  ou tc rop .  Rout ine f i e l d  observa t ions  

were recorded ,  on t h e  f i e l d  fo rm shown i n  t a b l e  V . 
precaut ion's were taken t o  avo id  t h e  p o s s i b i l i t y  o f  c o l l e c t i n g  

contami na ted  samples . Water con ta ine rs  were r i n s e d  tw i ce ,  b u t  no 

f i l t r a t i o n  equipment, p rese rva t i ves ,  o r  ac i ds  were used. Water and 

stream ,sediment samples were c o l  l e c t e d  we1 1  upstream o f  p o t e n t i a l  

p o l  1  u t i o n '  s i t e s ,  such as b r i dges ,  c u l v e r t s  , and c ross ings .  Only f o u r  

w e l l  samples were c o l l e c t e d .  Wel ls were a l lowed t o ' r u n  severa l  minutes,  

b u t  c o n t a ~ n i n a t i o n  due t o  s to rage  i n  and passage through ga l van i zed  

tanks and p ipes ,  r e s p e c t i v e l y  may s t i l l  be p resen t .  Some sp r i ngs  

d ischarge  below wa te r  l e v e l  i n t o  ga lvan ized  t roughs,  and a  few o f  

these e x h i b i t  anomalous z i n c  concen t ra t i ons .  Moreover, p o l l u t i o n  

o f  s p r i n g  waters may r e s u l t  f rom c a t t l e  which graze f r e e l y  and w i d e l y  

th roughout  t he  area.  Spr ings serve as a  common g a t h e r i n g  p o i n t  and 

a  source o f  d r i n k i n g  wa te r  f o r  c a t t l e .  By and l a r g e ,  however, samples 

a re  othervr ise thought. t o  be r e l a t i v e l y  f r e e  o f  con tamina t ion  because 

t he  s tudy  area i s  mountainous and ve ry  spa rse l y  populated.  

P o t e n t i a l  areas o f  con tamina t ion  by commercial f e r t i l i z e r s  and 

fa rmi  ng a c t i  v i  t i e s  a re  r e s t r i c t e d  t o  t he  1 owl ands b o r d e r i  ng. Muddy Creek 

and t h e  south f o r k  o f  J u n c t i o n  Creek i n  t h e  Grouse Creek Range, t h e  

n o r t h  f o r k  o f  Junc t i on  Creek and B i r c h  Creek between t he  A l b i o n  and 

Grouse Creek Ranges, t he  Upper Narrows o f  t h e  R a f t  R i v e r  and Cassia 

Creek i n  t he  southern and n o r t h e r n  A l b i o n  Range, r e s p e c t i v e l y ,  and George 

Creek i n  t h e  western R a f t  R i v e r  Range ( p l a t e s  2-3).  The p r i n c i p a l  

c rop  a t  a l l  o f  these l o c a t i o n s  i s  a l f a l f a .  
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Table V. 

Field Sampling Form 

O A K  R I D G E  G E O C H E M I C A L  S A M P L I N G  F O R M  
6-1. Color II.L.DU Pln1.l mA 
v VLI  n P ~ O L  

L Liohl RD Hsd 
u Uadnvm Glr Geon 
0 Dark BU Blus 

C E N t R A L  S ITE D A T A  

ann l r  Nu#rurr UeI I  

CL Clear 
WH While 
YL Y.110* 

n ,s 

PLANT S A M P L E  

l l r l~mber  01 p r m s  fur moss* 

11 m dmrc ~ l ~ u n d l  

PI.", ' , 

h i 1  IUI. Remarks) Claal 
R Cldr  
Ove l c l l  
Rl,"" 

S n w  

4110 Velde 
A I R  
Beech 
Blrcn 
B o x  Elder 
C h f m  
Car ionrood 
Elm 
HdChDele 
H t ~ L o l l  
H " l l l C " C  

LO"*  oak  

Name o l  Tlee. 

O,I F6.M 

Sewage 
Pvrer Plant 
uman 

N I NO vosnhle LlOrement 
P : Slapnanl P w l  

F] Water Width lm l  Cmt ro l  Sannpla 
Scdlnrnl. Htpn U 
Srd lmnt .  L o r U  
WaIer. Hagh U 
W a ~ e t .  L o r U  
f i ne r  

Name d Mws 

Oxncr 

Donman, Bsd hUlsi.1 

Sand 

Algaa 

8lus.Green 

Other 



Table V Cont. 

Field Sampling Form 

S T R E A M  OR L ~ E  SEOlMEWT 
6 . ~ 1 .  C a l l l a  

om 
".I 

s-I. l,..tmant 

GENERAL WATER S A M P L E S  
Weir 5-1. Ir..ynnt 

A ktdi l isd and F i l l a d  
0 Omr 

Algal 
Oms, 

Ur 
G.ologoc I n f w r o  
hnr 

WELL WATER 

h i l l a d  
Dtiva Point 

m 
U**inan 
cabs. 

b r  C(. .si l i~l im 

bnesian Fla* 
8 u u i c  
Gasolin 
wind 
H.nO 
oms 

c..i"g 

Unknown 

Smolo L a ~ t i m  

H =Holding Tank IUs. Rsm,rC~l 

NO Preswe T n k  
f 8 . m  Pr.ssu#e Tenk l u l e  R e m l r t s l  

10-1 Deph hb-t~m 

h b l i ~ a l i m l  
h e ,  
UlW . 
Geologic 1 d r . m  
Ollur 

LAKE WATER 
1.- d blu 



Table V Cont. 

F i e l d  Sampling Form 

OAK RIDGE 'GEOCHEMICAL SAMPLING F O R M  
FIELD DATA SUPPLEMENT 

Results lo ,  Prc~cl:dure 31 1 j Tr]T!Tl 
.. 

' Total Gamma .'~sintillomater Icountslminute) 

Rcrultr lot P,credurer 34.41 . 

Variables a!* Pfocedufes 
are listed below 

.. 

32 Gamma Spectrometer 

TOTAL COUNTS ICPMI 

e POTASSIUM 1%) 

POTASSIUM (CPMI 

e URANIUM lppml 

URANIUM ICPM~ . 

e THORIUM Ippml 

THORIUM ICPMI 

Nore l o  &';rmpler: Hlockr 16.20Nol Used 
Sl,uuld Bc M d r  led Oul. 

Ptoceduier 34 -4 1 Readings made in Counts per 

34 Uranium lppbl 
35 Fluovjdq Ippml TOTAL I 36 Nitrate Ippml I 

POTASSIUM 
.. - - - - . . . . - -. -- - -. - - . - 
URANIUM 1 , I-'-'! ---fl. 

.- . .. ... . .-. .- 
THORIUM 

-- -- 



A r~u~~~l)c. ! r  o f  o'ld and i r i a c t i v e  ~ ~ ~ i n i n c , j  d i s t r i c t s  occur  i n  the s tudy 

area. General l o c a t i o n s  a re  shown on p l a t e  4. Most were sn la l l - sca le  

ope ra t i ons  ' founded i n  t h e  l a t e  1800 's  o r  e a r l y  1900 's ,  were worked 

i n  some cases u n t i l  t he  1930's and have been i d l e  s i n c e  t h a t  t ime.  

Prec ious meta ls  were t he  main c o m o d i t i e s ,  b u t  assoc ia ted  t h e r e w i t h  

were lead ,  z i n c ,  copper, a r sen i c ,  andmanaanese. None o f  t h e  m i n i n g  

d i s t r i c t s  a re  b e l i e v e d  t o  be a  ma jo r  source o f  con tamina t ion  p e r  se, 

b u t  t h e  e f f e c t s  o f '  m inera l  i z a t i o n  a re  commonly d i s c e r n i b l e  i n  wate r  

samples ob ta ined  f rom these areas. 

A n a l y t i c a l  Methods 

Samples c o l l e c t e d  d u r i n g  each f i e l d  p e r i o d  were r e t u r n e d  

t o  t h e  Uranium Resource Eva lua t i on  P r o j e c t  (URE) l a b o r a t o r y  i n  Oak 

Ridge, Tennessee f o r  p r e p a r a t i o n  and a n a l y s i s .  The elements 

determined, t h e  a n a l y t i c a l  techniques used, and t h e  d e t e c t i o n  l i m i t s  

o f  each method a re  shown i n  t a b l e V I .  The r e p o r t e d  d e t e c t i o n  l i m i t s  

a r e  cons idered  t h e  bes t  average d u r i n g  normal ope ra t i ons .  For  

purposes o f  p l o t t i n g ,  values below t h e  d e t e c t i o n  l i m i t  were assumed 

t o  be one -ha l f  t h e  d e t e c t i o n  l i m i t .  

Water samples were submi t ted  i n  250 ml po l ye thy lene  b o t t l e s  and 

were vacuum f i l t e r e d  through a  0.45 um c e l l u l o s e  ace ta te  paper p r i o r  t o  

a n a l y s i s .  Stream sediments were sh ipped i n  K r a f t  wa te rp roo f  sample 

bags (3% x 6 1 /8  i nches ) ,  d r i e d  o v e r n i g h t  a t  85' C b e f o r e  process ing,  
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Table V I  

ANALYTICAL METHODS AND DETECTION LIMITS OF VARIABLES DETERMINED I N  WATER, 
STREAM SEDIMENT, AND ROCK SAMPLES 

De tec t i on  L i m i t s  
. . 

, , . . 
Rock- and Sediment Water 

V a r i a b l e  A n a l y t i c a l  Method (ppm) (ppb) 

F l  uorometry  
Mass Spect rometry- Isotope D i l u t i o n  
Neutron Ac t i va t i on -De layed  Neutron Count 
Atomi c A b s o r p t i  on 
Atorni c Abso rp t i on  
IJ l asma Source Enii s s i  on Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spec t romet r .~  
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emi s s i  on Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Plasma Source Emission Spectrometry 
Spectrophotometry 
Spectrophotometry 

0.1 ( b )  
30 
2 
4 
2 
10 
0.1 ( b )  
1! 
0.1 ( b )  
2 
4. 
0.1 ( b )  
- - 

4 
40 
1 
0.1 ( b )  
2 
- - 

2 
4 
1 
4 
2 
5 ( b )  

( a  ) De tec t i on  1 i m i  t s  expressed i n  percen t .  

( b )  Detec t i on  l i m i t s  expressed i n  ppm. 



and s i eved  t o  c o l l e c t  t he  l e s s  than  100-rnesh f r a c t i o n  'which was 

. . analyzed. - P a r t  o f  t he  sediment and rock  samples were d i s s o l v e d  i n  a 

10 ml m i x t u r e ' o f  1 :1 n i t r i c - h y d r o f l u o r i c  ac i d .  Rock samples were 

submi t ted  i n  Hubco c l o t h  sample bags, ground t o  100-mesh, s p l i t  i n t o  

f r a c t i o n s  f o r  a n a l y s i s  and a r c h i v e  records ,  and analyzed us ing  t h e  

.same procedures as f o r  s t ream sediments. Bas ic  p rocess ing  and a n a l y t i c a l  

procedures a r e  descr ibed  i n  g r e a t e r  d e t a i  1 by Cagle (1'979) and Arendt  

and o the rs  - ( 1  977),  t o  which t h e  reader  i s  r e f e r r e d  f o r  more i .n fo rmat ion .  

Qua1 i ty  Con t ro l  

A s tandard  fo rm f o r  r e c o r d i n g  f i e 1  d observa t ions  was developed 

by Oak Ridge Labobatory and was used i n  t h e  p resen t  s tudy  ( t a b l e  V ) .  

It u t i l i z e s  a q u i c k  checko f f  system t h a t  min imizes mis read ing  o f , t h e  

f i e l d  i n f o r m a t i o n  and a l l ows  qu i ck  key punching o f  t h e  i n f o r m a t i o n  on to  

two o r  more computer punch cards. Procedures f o r  comple t ing  t h e  f o rm  

a re  d iscussed i n  a NURE r e p o r t  (June, 1979).  

The procedures used by Oak Ridge t o  analyze samples r e q u i r e  t h a t  

c a l i b r a t i o n  s tandards,  check samples, and b lanks  be r u n  a long  w i t h  

normal samples t o  ensure t h e  v a l i d i t y  o f  t h e  r e p o r t e d  r e s u l t s .  A 

measurement c o n t r o l  program prov ides  i n f o r m a t i o n  concern ing p r e c i s i o n  

and r e l i a b i l i t y  o f  t he  va r i ous  measurements. Cont ro l  samples o f  two 

wate r  batches and two sediment batches a r e  submi t ted  anonymously a long  

w i t h  r o u t i n e  samples on a d a i l y  bas i s .  
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A p r i n c i p a l  component a n a l y s i s  o f  t he  da ta  was u t i l i z e d  t o  

produce an o rde red  l i s t  o f  samples u s i n g  t he  e igenva lue  s t a t i s t i c s  

2 ., as d e s c r i b e d  by Kane and o t h e r s  (1977).  A d d i t i o n a l  'unusual samples 

'were i d e n t i f i e d  i f  s i  ngle-element measurements were o u t s i d e  a  
. . .  

th ree-s tandand d e v i a t i o n  con f idence  i n t e r v a l  around t h e  mean. The 

l a b o r a t o r y  and f i e l d  da ta  f rom the  unusual samples i d e n t i f i e d  by t h i s  

procedure were review'ed. The o n l y  e r r o r s  de tec ted  i n  t h i s  approach 

were sample cod ing  e r r o r s  where in  wate r ,  s t ream sediment, o r  r ock  ' 

samples were ' .e i  t t i e r  mi scoded i n ,  t h e  f i e 1  d o r  i n c o r r e c t l y  key punched. 

S t a t i s t i c a l  Methods 

Because o f  t h e  l a r g e  numbers o f  samples c o l l e c t e d  and t h e  many I 

a n a l y t i c a l .  de te rm ina t i ons  made on each sample, computer p rocess ing  

and man ipu la t i on  o f  t h e  da ta  g r e a t l y  eased t h e  burden o f  da ta  

p r e s e n t a t i o n  and i n t e r p r e t a t i o n ,  w h i l e  a t  t h e  same t ime  f a c i l i t a t i n g  

i d e n t i f i c a t i o n  o f  l oca l .  and r e g i o n a l  geochemical t r ends  whi ch may be 

re.1 a ted  t o  uran ium m i n e r a l i z a t i o n .  Oak Ridge g e o l o g i s t s ,  s t a t i s t i c i a n s ,  

and computer expe r t s  have combined t a l e n t s  and e x p e r t i s e  . i n  t h e i r  

r e s p e c t i v e  f i e l d s  t o  develop s tandard  automated da ta  p rocess ing  and 

p r e s e n t a t i o n  schemes. These have been u t i l i z e d  i n  ' t he  p resen t  s tudy  . , 

and a re  descr ibed  i n  more d e t a i  1  by Arendt  and o the rs  ( 1  979).  

Standard computer o u t p u t  f rom Oak Ridge Labora to ry  i nc l udes  summary 

s t a t i s t i c s ,  c o r r e l  a t . ion ma t r i ces ,  dendrograms ( c l u s t e r  a n a l y s i s ) ,  l o g -  
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f requency p l o t s ,  p e r c e n t i  l e  p l o t s ,  and geochemical p l ' o ts  w i t h  

Canadian symbols f o r  t h e  var ious  sample popu la t i ons .  These 

computer ou tpu ts  a r e  descr ibed  i n  g r e a t e r  d e t a i l  by  Arendt  and o the rs  

(1979) .  The da ta  acqu i red  d u r i n g  t h i s  s tudy  were processed by these 

standard.pcoqrams and a r e  presented i n  t h e i r  r e s p e c t i v e  formats i n  

t h e  var ious  t a b l e s  and f i g u r e s  i n  appendices A, B, and C a t  t h e  

end o f  t h i s  r e p o r t .  
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: GEOCHEMISTRY RESULTS 

Tn t roduc t i on  

S t a t i s t i c a l  , summaries, c o r r e l a t i o n  m a t r i  ces and c l u s t e r  analyses 

(dendkograms) o f  s e l e c t e d  geochemical v a r i a b l e s  of  t h e  water ,  stream 

sediment,  and r o c k  samples a re  presented i n  appendices A, B, and C, 

r e s p e c t i v e l y .  A rea l  d i s t r i b u t i o n  maps, l o g  p r o b a b i l i t y ,  l o g  f requency,  

and p c r c c n t i l c  p l o t s ,  and t a b u l a r  da td  1 i b l i r ~ y s  f o r  se lec ted  v a r i a b l e s  

a r e  a l s o  i n c l u d e d  t h e r e i n .  A geo log i c  map o f  ma jo r  ~ recambr i ' an  W and 

X ( ? )  u n i t s  has been compi led a t  a  s c a l e  of 1:125,000 f rom sources 

i n d i c a t e d  thereon  and.comprises p l a t e  1. Loca t ions  o f  a l l  water ,  s t ream 

sediment, r o c k  samples, r a d i a t i o n  measurements, geochemical anomal ies,  

a i r b o r n e  r a d i a t i o n , a n o m a l i e s  and major  m in ing  d i s t r i c t s  have been p l o t t e d  

on topograph ic  base maps a t  t h e  same s c a l e  and a r e  shown on F l a t e s  2 

t h r o u d ~  4. c ross- re fe rence  indexes ty i ,ng  sample numbers t o  geo log i c  u n i t  

codes a re  i n c l u d e d  as t a b l e s  A - V I ,  B-IV, and C - X  i n  t h e  appendices t o  

t h i s  r e p o r t .  

Water Samples 

Sampling s i t e s  f o r  waters c o l l e c t e d  and analyzed d u r i n g  t h e  s tudy  

a r e  shown on p l a t e  2 a t  t he  s c a l e  of 1:125,000. A t o t a l  o f  334 wate r  

samples were c o l l e c t e d .  Samplinq media i n c l u d e d  116 sp r i ngs  and seeps, 

214 streams, and 4 w e l l s .  The measured v a r i a b l e s  a r e  those  l i s t e d  i n  t h e  

summary s t a t i s t i c s  i n tables A-I through A - I  I 1. The corresponding b a s i c  

da ta  a r e  l i s t e d  under a p p r o p r i a t e  headings i n  t a b l e  A-V.  

S t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  were ob ta ined  f o r  t h e  ma jo r  

and minor  components o f  t he  waters  shown i n  t a b l e  A-IV because t h e  waters  
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a r e  d i l u t e  and most t r a c e  elements occur  i n  concen t ra t ions  near  o r  below 

t h e  d e t e c t i o n  l i m i t  f o r  t h e  method ut i l ized( tab1esB-V1,A- I  , and A-111). 

These c o n d i t i o n s  account f o r  t h e  r e l a t i v e l y  s imp le  c o r r e l a t i o n  m a t r i x  

and dendrogram ( c l u s t e r  a n a l y s i s )  compr is ing  t a b l e  A-IV and f i g u r e  A-1 , 

r e s p e c t i v e l y .  

The wate r  sample p o p u l a t i o n  i s  mos t l y  stream waters  by a  r a t i o  o f  

a lmost  2: 1. Well waters  ,which number o n l y  4, a r e  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

Comparison o f  s t a t i s t i c a l  summaries f o r  stream and s p r i n g  waters  ( t a b l e s  

A- I and A-11) r evea l  more s i m i l a r i t i e s  than d i f f e r e n c e s .  Twenty-two 

v a r i a b l e s  (U, Ag, Ba, Co, K, L i ,  Mg, Mo, Na, N i ,  S i ,  S r ,  V ,  Z r ,  T - a l k a l i n i t y ,  

M - a l k a l i n i t y ,  As, Se, SO4, Na/C1, 1000 U/S04, 1000 U/B) possess lognormal,  

o r  very  n e a r l y  lognormal,  d i s t r i b u t i o n s .  S i x  o t h e r  v a r i a b l e s  (Cr ,  Cu, Mn, 

P, T i ,  Y )  have d i s t r i b u t i o n s  t h a t  a re  e i t h e r  lognormal o r  e l s e  occu r  below 

t h e i r  r e s p e c t i v e  d e t e c t i o n  l i m i t s  when anomalous samples a r e  n o t  inc luded .  

The remain ing  v a r i a b l e s  (A1 , B, Ca, Fe, pH, C1) have d i s t r i b u t i o n s  composed 

o f  two o r  p o s s i b l y  t h r e e  subpopulat ions.  M i x i ng  o f  s t ream and s p r i n g  

subpopulat ions apparen t l y  causes s t r o n g  d e v i a t i o n s  from l o g n o r m a l i t y  i n  t h e  

cases o f  A1 and Fe ( t a b l e s  A - I  and A-11) . Bedrock 1  i t h o l o g y  appears t o  

e x e r t  t h e  major  c o n t r o l  on B, Ca, and C l .  Chemical e q u i l i b r i a  p robab ly  

e x e r t s  t h e  main c o n t r o l  on pH, a1 though bedrock l i t h o l o g y  may i n d i r e c t l y  

i n f l u e n c e  equi  1 i b r i a .  

The mean, median, and mode f o r  17 o f  t h e  33 v a r i a b l e s  f o r  s t ream 

and s p r i n g  waters  a r e  c lose ly  comparable ( t a b l e s  A - I  and A411 . For  t h r e e  

o t h e r  v a r i a b l e s  (Ca, K, S r ) ,  t h e  mean and median a re  c l o s e l y  comparable b u t  

t h e  modes d i f f e r  s i g n i f i c a n t l y .  Sparse pH da ta  (47 measurements) i n d i c a t e  

a  r e l a t i v e l y  narrow range, 6 .4  t o  8.4. Spr inp  waters  a r e  n e u t r a l  and 

stream waters  a r e  s l i g h t l y  a1 k a l  i n e  ( t a b l e s  A-I  and A-11) . Concent ra t ion  

MEIIJI RESOURCE CONSULTANTS -123- 



ranges a r e  g r e a t e r  f o r  s p r i n g  waters  ( t a b l e  A-11). Th is  i s  t o  be expected m 
because c o n t a c t  t imes  a r e  l onqe r  and favor  more e f f e c t i v e  rock -wate r  r e a c t i o n s  

i n  thc3 5ubsc~rf~1cc.. 

The s:pr iny , s  t r ea~n ,  and we1 1 water  da ta  have been. con~bined and 

a r e  treated as a  s i n g l e  p o p u l a t i o n  t o  m in im ize  t h e  number o f  

i l l u s t r a t i o n s  and t o  f a c i l i t a t e  d i scuss ion  and i n t e r p r e t a t i o n .  P e r t i n e n t  

s t a t i s t i c a l  and chemical  da ta  a r e  presented i n  t a b l e s  A-III and A-V, 

r e s p e c t i v e l y .  The f o l l o w i n q  d i scuss ion  emphasizes the  ma jo r  r e l a t i o n s  

t h a t  a re  r e f l e c t e d  i n  t h e  c o r r e l a t i o n  and c l u s t e r  analyses o f  v a r i a b l e s  

and t h e  a r e a l  geochemical p l o t s .  

Urani  um 

Sunlnlary s t a t i s t i c s  and b a s i c  geochemical da ta  f o r  s p r i n g ,  stream, 

and w e l l  waters  a r e  l i s t e d  i n  t a b l e s  A- I ,  A-11, A-111, and A-V. 

L o g p r o b a b i l i t y  and log f requency  p l o t s  o f  uranium concen t ra t i ons  i n  wate r  

samples a re  i l l u s t r a t e d  i n  f i g u r e  A-2. The a r e a l  d i s t r i b u t i o n  o f  uranium 

i n  waters  i s  shown i n  f i g u r e  A-3 where in  concen t ra t i on  ranges a re  dep i c ted  

by symbols u t i l i z e d  by t h e  Canadian Geo log ica l  Survey. For  more d e t a i l s  

concern ing these  da ta  formats t h e  reader  i s  r e f e r r e d  t o  t h e  p u b l i c a t i o n  

by Arendt  and o t h e r s  (1979) .  Sample s i t e s ,  sample types,  and anomalous 

waters  a re  shown on p l a t e  2. 

I n s p e c t i o n  o f  t a b l e s  A - I  and A - I1  r e v e a l s t h a t  s p r i n g  waters  e x h i b i t  

t h e  g r e a t e r  range, h i g h e r  mode, and h i g h e r  concen t ra t i on  o f  uranium, b u t  

t h e  mean and median uranium con ten ts  o f  s t ream waters  a r e  - s l i g h t l y  h i ghe r .  
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Uranium concent ra t ions  conform c l o s e l y  t o  a lognormal d i s t r i b u t i o n  even 

a t  h i g h e r  concen t ra t ions ,  as i s  e v i d e n t  i n  f i g u r e  A-2. The bimodal 

cha rac te r  o f  t he  logf requency p l o t  r e f l e c t s  two subpopulat ions w i t h  

s l i g h t l y  d i f f e r i n g  d i s t r i b u t i o n s  and p robab ly  r e s u l t s  f rom combining t h e  

s p r i n g  and stream water  popu la t i ons ,  as i s  suggested by comparison o f  t h e  

var ious  s t a t i s t i c s  i n  t a b l e s  A - I  and A-11. 

The a rea l  d i s t r i b u t i o n  o f  uranium concen t ra t i ons  i n  wate r  samples 
. . 

f rom t h e  s tudy area i s  shown i n  f i g u r e  A-3. Uranium values above 4.33 

ppb, which corresponds t o  t h e  85 th  p e r c e n t i l e  o r  one s tandard  d e v i a t i o n  

above t h e  mean uranium con ten t  f o r  water ,  a r e  a r b i t r a r i l y  des ignated as 

anomalous waters f o r  t h e  purposes o f  t h i s  r e p o r t .  S e l e c t i o n  o f  4.33 ppb 

uranium as t he  t h resho ld  a d m i t t e d l y  r e s u l t s  i n  t o o  many waters  be ing  

i n t e r p r e t e d  as anomalous. B u t  i f  convent iona l  procedures were adopted t o  

d e f i n e  anomalies (mean o r  median p l u s  two o r  t h r e e  s tandard  d e v i a t i o n s ) ,  

o n l y  a few wate r  samples i n  t he  p resen t  s tudy  would q u a l i f y .  Moreover, 

i n  geochemical e x p l o r a t i o n  normal and anomalous samples cannot be s e l e c t e d  

s o l e l y  on t.he has i s  o f  logprobab i  1 i ty  and 1ogfrequenc.y d i s t r i b u t i o n s  o f  

uranium o r  assoc ia ted  t r a c e  element concen t ra t i ons ,  because i n  t h i s  case 

t h e  samples corresponding t o  t h e  format ions w i t h  t h e  h i g h e r  background con ten t s ,  

o r  t h e  samples o f  more mature waters ,  can appear anomalous ( D a l l ' A g l i o ,  1973).  

Geochemical data a r e  n e c e s s a r i l y  d i f f i c u l t  t o  i n t e r p r e t  because samples 

commonly comprise m ix tu res  which have undergone n a t u r a l  processes o f  

d i f f e r e n t  k inds  and i n t e n s i t y .  I n  a d d i t i o n ,  a number o f  n a t u r a l  processes, 

n o t a b l y  evapora.t ion, o x i d a t i o n ,  and s o l u t i o n ,  g i v e  r i s e  t o  h i g h  con ten ts  

o f  p a t h f i n d e r  elements, even i n  t h e  absence o f  m ine ra l  depos i t s .  
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~ ~ d r o g e o c h e m i c a l  anomalies d e f i n e d  by one o r  two wate r  samples a r e  

r a t h e r  w i d e l y  ' d i s t r i b u t e d  i n  the  R a f t  R i v e r  area ( f i g .  A-3 and p l a t e  2 ) .  

A t o t a l  o f  52 wa te r  samples w i t h  uranium con ten ts  equal t o  o r  g r e a t e r  

t han  t h e  8 5 t h  p e r c e n t i l e  were de l i nea ted .  I n  terms o f  sample type ,  

s p r i n g s  account f o r  15 anomalies, streams 36 anomalies,' and w e l l s  one 

anomaly ( p l a t e  2 ) .  Wi th  respec t  t o  geography, 29 anomalies occur  i n  t h e  

Grouse Creek Mounta ins, three i n  t h e  Dove Creek Mountains, seven i n  t h e  R a f t  

R i v e r  Mountains,  and 13 i n  t he  A l b i o n  Range ( p l a t e  2 ) .  

Coliiparison o f  t h e  geo1ogi.c map o f  Precambrian u n i t s  ( p l a t e  1  ) w i t h  

da ta  shown on p ' l a t e  2  and f i g u r e  A-3 suggests t h a t  t h e  major  c o n t r o l  on 

uran ium concen t ra t i ons  i n  waters i s  bedrock l i t h o l o g y .  Out o f  a  t o t a l  

o f  52 hydrogeochemical anomalies, 37 occur  i n  waters  which e i t h e r  d ischarge  

f r om o r  d r a i n  rocks  o f  t h e  Green Creek Complex ( p l a t e  2., anomal i e s  2-20, 24-30, 

36,. 40, 41 , 44, 45, 47-49). Geolog ic  maps (Compton , 1972, 1975) and 

f i e l d  observa t ions  i n d i c a t e  a d a m e l l i t e  o r  i t s  metamorphosed e q u i v a l e n t ,  

adamel 1  i t e  gne iss ,  i s  t h e  most widespread 1 i t h o l o g y  i n  t h e  Green Creek 

Complex, b u t  n o t a b l e  amounts of  s c h i s t ,  t r ondh jem i te ,  pegmat i te ,  and 

amph ibo l i t e  may occur  l o c a l l y  ( p l a t e  1 ) .  O f  these l i t h o l o g i e s ,  t h e  f i r s t  

f o u r  c o n t a i n  a  r e l a t i v e l y  h i g h  s o l u b l e  ( f l u o r o m e t r i c )  and h i g h  t o t a l  

( neu t ron  a c t i v a t i o n )  uranium con ten t  ( f i g .  C-2 and C-3). Moreover, 

e x c l u d i n g  t h e  E l  ba Conglomerate and Precambrian . X  ( ? )  . s c h i s t s ,  these 

l i t h o l o g i e s  a r e  a l s o ,  t h e  most r a d i o a c t i v e  rocks  i n  t h e  s tudy  area ( f i g s .  

C-1 2 through C-15). The s t r o n g  correspondence between 1 i tho logy  , p r i n c i p a l  1  y 

adame l l i t e ,  and h i g h  uranium con ten ts  and ex tens i ve  exposures o f  a d a m e l l i t e  

p robab ly  account f o r  t h e  observed r e l a t i o n s h i p  ( t a b l e  C- I1  and f i g s .  C-2 and C *- 
MEIIJl RESOURCE CONSULTANTS 



Bedrock l i t h o l o g y ,  bo th  w i t h  and w i t h o u t  assoc ia ted  s u l f i d e  m ine ra l -  

i z a t i o n ,  a l s d  e x e r t s  a  s t r o n g  c o n t r o l  on the  rema in ing  16 anonial i e s .  

Precambrian X ( ? )  conglomerate and s c h i s t ,  a l s o  known t o  be u r a n i f e r o u s  

and r a d i o a c t i v e  ( t a b l e s  C - I V  and C-V  and f i g s .  C-2, C-3, and C-12 th rough 

C-15), occur  i n  a s s o c i a t i o n  w i t h  seven u r a n i f e r o u s  waters  whose geo log i c  

s e t t i n g  prec ludes any s i g n i f i c a n t  c o n t r i b u t i o n  o f  d i s s o l v e d  components 

f rom s i  1  i c i c  rocks o f  t h e  Green Creek Complex(p1 a t e  2, anomal i e s  31 , ' 32, 

34, 35, 38, 42, 46) .  Precambrian X ( ? )  rocks  a r e  a l s o  p resen t  i n  t h e  

dra inage areas f rom which 15 o f  t h e  37 u r a n i f e r o u s  wate rs  asc r i bed  ma in l y  

t o  t he  Green Creek Complex were c o l l e c t e d .  

Tuffaceous , f l u v i a l  - l a c u s t r i n e ,  b a s i n - f i  11 sediments w i t h  i n t e r -  

c a l a t e d  qua r t z  l a t i t e  ash f l o w  t u f f s  u n d e r l i e  ex tens i ve  areas from which 

f i v e  u r a n i f e r o u s  waters  were ob ta i ned  ( p l a t e  2, anomalies 21-23, 33, 43) .  

Two o t h e r  anomalies ( p l a t e  2, anomalies 1  and 37) c o i n c i d e  w i t h  l o c a l i t i e s  

u n d e r l a i n  by a l loch thonous  sheets  o f  Pa leozo ic  rocks ,  ma in l y  carbonates, 

which c o n t a i n  some assoc ia ted  base and p rec ious  meta l  s u l f i d e  m i n e r a l i z a t i o n .  

The source o f  t h e  uranium i n  one o f  these u ran i fe rous  wate rs  ( p l a t e  2, 

anonialy 1  ) i s  p robab ly  r e l a t e d  t o  Archean and 01 i gocene adamell i tes  which 

comprise bedrock nearby. One wate r  sample ob ta i ned  f rom t h e  R a f t  R i v e r  

Range n o r t h e a s t  of t h e  Upper Narrows con ta ins  anomalous U, Ba, L i ,  S r ,  

Zn, and As ( p l a t e  2, anomaly 39) .  I n te rmed ia te  s u l f a t e  and h i g h  c h l o r i d e  

con ten ts  suggest ex tens i ve  s o l u t i o n  o f  rocks  i n  t h e  d ra inage  bas in  which 

i nc l udes  an ex tens i ve  area upstream under1 a i  n  by u r a n i  f e rous  rocks  and 

sediments o f  Archean th rough 1  a t e  T e r t i a r y  age. Anomaly 39, t h e r e f o r e ,  

l i k e l y  owes i t s  ex i s tence  t o  t h e  r e l a t e d  e f f e c t s  o f  bedrock s o l u t i o n  and 

s a l i n i t y .  I 
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A pronounced c l u s t e r i n g  of u r a n i f e r o u s  waters  occurs i n  t he  c e n t r a l  

Grouse Creek Mountains ( f i g .  A-3; p l a t e  2, anomal i e s  2-20). Twenty-one 

anomalous wate rs  comprise t h i s  c l u s t e r .  Most occur  around t h e  pe r ime te r  

o f  a  l a r g e  Archean adamel 1  i t e  ou tc rop  which a1 so i nc l udes  , wi t h i n  i t s  

boundar ies,  two snial l e r  areas o f  01 igocene adamel 1  i t e  ( p l  a tes  1 -2 ) .  

Moreover, 'most o f  t h e  u r a n i f e r o u s  waters  e x h i b i t  a  c l ose  r e l a t i o n s h i p  

t o  h igh-ang le  and low-angle f a u l t s ,  which a re  l o c a t e d  ma in l y  around 

t h e  p e r i m e t e r  o f  t h e  Precambrian W a d a m e l l i t e  b u t  a l s o  t r a n s e c t  t h e  

n o r t h e r n  l o b e  a t  P ine  Creek ( p l a t e s  1 -2 ) .  

A l though metamorphosed Pa leozo ic  rocks  occur  i n  a l loch thonous  sheets 

around t h e  pe r ime te r  o f  t h i s  c l u s t e r ,  they  a r e  u n l i k e l y  sources o f  uranium 

because most a r e  mar ine  carbonates. Wi th  o n l y  two excep t ions  ( p l a t e  2, 

anomalies 1 and 37) ,  waters  c o l l e c t e d  f rom te r ranes  u n d e r l a i n  by 

Pa leozo ic  r o c k s .  a r e  n o t a b l e  f o r  t h e i r  low uranium. concen t ra t i ons .  F u r t h e r  

ev idence o f  t h i s  i s  t h e  low uranium con ten ts  o f  samples j u s t  southeast  

o f  Stanrod, w i t h i n  and no r theas t  o f  C la rks  Basin,  and a t  t h e  nor thwes t  

pe r ime te r  o f  t h e  A l b i o n  Range ( f i g .  A-3 and p l a t e  2 ) .  

Both hydrothermal  and pyrometasomati c mine ra l  i z a t i o n  occurs i n  t h e  

genera l  area o f  Red B u t t e .  M i n e r a l i z a t i o n  i n  t h e  c e n t r a l  Grouse Creek 

Mountains i s  r e l a t e d  t o  severa l  a d a m e l l i t e  p l u tons  o f  l a t e  Ol igocene age 

(25  m.y. ) .  Mines were mos t l y  sma l l - sca le  ope ra t i ons  which recovered ores 

o f  tungsten,  gold, s i l v e r ,  and copper f rom ve ins  and c o n t a c t  zones, i n  

Pa leozo ic  carbonate rocks  bordered by Precambrian a d a m e l l i t e  shown on 

p l a t e  1. 
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No occurrences o r  pas t  p roduc t i on  o f  uranium m ine ra l s  a re  known 

from the  Cent ra l  Grouse Creek Mountains. PRR #5055 ma,y correspond t o  

some ~ n i n e ( s )  w i t h i n  o r  around t h e  pe r ime te r  o f  t h e  c l u s t e r  o f  u ran i f e rous  

waters ,  b u t  no r a d i o a c t i v i t y  o r  uranium values were repo r ted .  The s t a t e d  

l o c a t i o n  i s  i n  e r r o r ,  b u t  t h e  r e p o r t e d  f a c t s  a r e  o the rw i se  i n  agreement 

w i t h  those observe j .  No s i g n i f i c a n t  anomalous r a d i a t i o n  was de tec ted  

d u r i n g  t he  geochemical sampl i n g .  Dur ing  a  r e c e n t  a i r b o r n e  r a d i o m e t r i c  

survey, however, ' t h ree  anomalies were de tec ted  and a r e  shown on p l a t e  4 

as anomal i e s  19-21. 

Uran i fe rous  waters,  compr is ing  t he  prominent  c l u s t e r  o f  anomalies 

i n  t h e  c e n t r a l  Grouse Creek Mountains,  c o n t a i n  a  v a r i e t y  o f  assoc ia ted  

t r a c e  elements ( t a b l e  A - I ) .  The number o f  these  elements pe rm i t s  r e c o g n i t i o n  

o f  two -subgroups o f  ques t ionab le  s i g n i f i c a n c e .  The subgroup w i t h  t h e  

l a r g e r  number o f  wa te r  samples i s  c h a r a c t e r i z e d  by a  s imp le  t r a c e  element 

s u i t e  c o n t a i n i n g  uranium and a t  most two o t h e r  elements.  The o t h e r  

subgroup con ta ins  uranium and a  v a r i e t y  o f  o t h e r  t r a c e  elements which 

a r e  assoc ia ted  w i t h  s i l i c i c  o r  ma f i c  rocks and s u l f i d e  m i n e r a l i z a t i o n .  

Evidence i n  suppor t  o f  uranium m i n e r a l i z a t i o n  c o n s i s t s  o f  t h e  

f o l l o w i n g :  ( 1  ) t he  rnagni tude, f requency, and a r e a l  d i s t r i b u t i o n  o f  t h e  

u ran i f e rous  waters ,  ( 2 )  t h e  presence o f  s u l f i d e  m i n e r a l i z a t i o n ,  ( 3 )  t h e  

h i g h l y  v a r i a b l e  s u i t e  o f  assoc ia ted  t r a c e  elements, ( 4 )  t h e  combined 

e f f e c t s  o f  r e g i o n a l  metamorphism and i n t r u s i o n ,  ( 5 )  t h e  anomalous area 

d i s p l a y s  t he  h i g h e s t  r~~eta l l io rph ic  grade exposures o f  t h e  autochthon, and 

( 6 )  t he  p resen t  e ros iona l  su r f ace  co inc ides  c l o s e l y  w i t h  t h e  s t r u c t u r a l  

l e v e l  o f  maximum metamorphic de fo rmat ion  i n  t h e  Precambrian adamel 1  i t e .  
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The geology o f  t h e  c e n t r a l  Grouse Creek Mountains i s  compat ib le  
. . 

- w i t h  t he  o r i g i n a l ,  model o f  magmatic d i f f e r e n t i a t i o n  i n  t h e  Precambriar, 

a d a m e l l i t e ,  subsequent r e d i s t r i b u t i o n  and/or a d d i t i o n  o f  mob i le  elements 

. . 
t o  t h e  p resen t  s t r u c t u r a l  l e v e l  by r e g i o n a l  metamorphism, and/or 01 igocene 

. . 

i n t r u s i o n .  Re1 a t i  v e l y  r ecen t  t e c t o n i c  and/or eros, i  onal  u n r o o f i n g  p e r m i t t e d  

. . 
chemi ca7 weather ing  o f  t h e  deformed and m ine ra l  i z e d  adan~e l l  i t e  and 

a l loch thonous  Pa leozo ic  rocks .  These c o n d i t i o n s  may have generated 

f o rma t i on  o f  u ran i f e rous  ve ins o r  very  weakly disseminated uranium 

m i n e r a l i z a t i o n  i n  p r o x i m i t y  t o  s t r u c t u r a l  and/or compos i t iona l  d iscon-  

t i n u i t i e s .  On t h e  o t h e r  hand, these processes may have mere ly  rendered 

t h e  a d a m e l l i t e  more s u s c e p t i b l e  t o  chemical weather ing  and s o l u t i o n .  The 

e f f e c t  o f  sodium metasomatism on t he  a d a m e l l i t e  gneiss by i n t r u s i o n s  o f  

01 i gocene adamell i t e  i s  obvious from pe t rog raph i c  s t u d i e s  (Todd, 1973).  

It i s  a l s o  evidenced i n  t h e  h i g h  s t a t i s t i c a l  and a r e a l  d i s t r i b u t i o n s  o f  

sodium, ca l c i um and aluminum ( t a b l e s  B - I1  and C- I11 and f i g .  8-a), b u t  

appears t o  e x e r t  1  i t t l e ,  if any, i n f l ~ e n c e  on uranium. I n  e i t h e r  case, 

t h e  uranium and assoc ia ted  t r a c e  elements i n  t h i s  area suggest d e v i a t i o n  

f rom t h e  Green Creek Complex where a  r e s e r v o i r  of elements w i t h  s i l i c i c ,  

ma f i c ,  and s u l f i d e  a f f i n i t i e s  e x i s t s .  Th i s  i s  h i n t e d  a t  b y  bo th  t h e  

a r e a l  d i s t r i b u t i o n  o f  u r a n i f e r o u s  waters  and t h e  h i g h l y  v a r i a b l e  and 

i ncompa t i b l e  t r a c e  elements.  Most o f  t h e  rema in ing  hydrogeochemical anomalies 

a r e  s i n g l e  o r ,  a t  'most ,  t r i p l e  p o i n t  anornal i e s  o f  dubious s i g n i f i c a n c e .  

  one i s  be1 i e v e d  t o  s i  gn i  fy  u r a n i  urn m ine ra l  i z a t i o n  w i t h  economic p o t e n t i a l  , 

a1 though seve ra l  occur  w i t h i n  o r  near  areas i n  which u ran iwn m ine ra l s  a re  

known. rn 
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~nol l ;a l  i e s  48 and 49 ( p l a t e  2 )  represen t  s t ream and s p r i n g  waters  

r e s p e c t i v e l y  t h a t  were c o l  l e c t e d  i n  Conner Creek Canyon, another  area o f  

known s u l f i d e  ~ ~ ~ i n e r a l i z a t i o n .  I n  t h i s  area, known as t he  Ward m in ing  

d i s t r i c t ,  samarski t e  occurs as a mir,or c o n s t i  t u e n t  i n  quar tz - fe ldspar  

metamorphic segregat ions i n  an Archean s c h i s t  ( B i l l  G a l l a n t ,  o r a l  

communication, 11/13/79).  Th is  area has been t ho rough l y  prospected, 

as i s  e v i d e n t  by t h e  number and d i s t r i b u t i o n  o f  o l d  a d i t s  and d igs .  Ores 

were mined f o r  go ld ,  s i l v e r ,  lead,  copper, z i n c ,  molybdenum, c o b a l t ,  

and n i c k e l  assoc ia ted  w i t h  s u l f i d e  m i n e r a l i z a t i o n  i n  mesothermal ve ins  

and replacements.  Th i s  meta l  s u i t e  i s  notewor thy because i t  compares 

c l o s e l y  t o  t h a t  assoc ia ted  w i t h  c l a s s i c a l  uranium ve ins  and some 

P r o t e r o z o i c  unconformi t y - t y p e  u r a n i  um deposi  t s  (McMi 11 an, 1978).  I n  

t h e  Connor Creek area,  however, i t  appears t h a t  uranium was n o t  

i n t r oduced  i n  s i g i  f i c a n t  amounts w i t h  t h e  s u l f i d e  m ine ra l  i z a t i o n .  

No uranium occurrences, o t h e r  than  t he  samarsk i te  p r e v i o u s l y  descr ibed ,  

o r  pas t  p roduc t i on  a r e  known f o r  t h e  Conner Creek area. A l though t h e  

s t a t e d  l o c a t i o n s  shown i n  PRR Nos. 2500 and 2501 do n o t  c o i n c i d e  w i t h  

t h e  min ing  d i s t r i c t ,  t h e i r  d e s c r i p t i o n s  match. - A  maximum r a d i a t i o n  l e v e l  

o f  200 cps was r e p o r t e d  i n s i d e  mine a d i t s  i n  c o n t r a s t  t o  40 cps on dumps 

and i n  p rospec t  p i t s .  No uranium m ine ra l s  were r e p o r t e d  n o r  was any . 
fo l l ow-up  recommended. The r e p o r t e d  r a d i a t i o n  l e v e l  i n  a d i t s  was n o t  , 

asc r i bed  t o  any o r i g i n ,  b u t  probabSy r e s u l t e d  f rom radon b u i l d u p  because 

. o f  poor c i r c u l a t i o n .  Rad ia t i on  l e v e l s  comparable t o ,  o r  s l i g h t l y  h i g h e r  

than, 200 cps on a GR-1O1Asc in t i l l a t ion  coun te r  a re  common f o r  s i l i c i c  

li t h o l o g i e s  i n  t h e  Green Creek Complex as we1 1 as f o r  Precambrian X ( ? )  

conglomerate and s c h i s t .  
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Thus, t h e  uran ium and assoc ia ted  t r a c e  elements i n  t h e  s p r i n g  and 

s t ream waters  o f  Conner Creek Canyon l i k e l y  d e r i v e  from chemical weather ing  

o f  t h e  w i  desp'read u r a n i  fe rous  rocks  known t o  occur  th roughout  t h e  

d ra inage  b a s i n .  A  m ino r .  c o n t r i b u t i o n  may be s u p p l i e d  by o x i d a t i o n  o f  

s u l f i d e s ,  b u t  t h i s  i s  n o t  regarded as an impo r tan t  source o r  process 

i n  t h i s  area i n  t h e  absence o f  s u l f a t e  anomalies. 

Anomaly 41 i s  l o c d t e d  o n l y  a few m i l e s  sou theas t  o f  a  uranium 

occurrence i n  pegmat i te  and a i r b o r n e  anomaly 8 ( p l a t e  2  and 4 ) .  I t  

rep resen ts  a  s t ream sample c o l l e c t e d  f rom t h e  l owe r  reaches o f  a  creek 

wh ich  d r a i n s  Archean and 01 i gocene adamel 1  i t e s  , as we1 1  as E l  ba q u a r t z i t e  

and conglomerate ( p l a t e  1  ) . The cause of t h e  anomly i s  be1 i eved  t o  be 

ex tens i ve  s o l u t i o n  o f  u ran i f e rous  rocks  i n  t h e  d ra inge  bas in ,  as i s  

suggested by a  h i g h  c h l o r i d e  con ten t .  O x i d a t i o n  o f  s u l f i d e s  i s  h i n t e d  

by an i n t e r m e d i a t e  s u l  f a t e  con ten t ,  b u t  e l  sewhere i n  the' s tudy  area much 

h i g h e r  s u l f a t e  va lues t y p i c a l l y  occur  i n  areas w i t h  known s u l f i d e  

m i n e r a l i z a t i o n .  Accord ing t o  B i l l  G a l l a n t  ( o r a l  communication, 11/13/79), 

samarsk i te  occurs i n  a  pegmat i te  i n  s e c t i o n  36 T. 15 S. ,  R. 23 E. ,  and 

uran ium con ten ts  up t o  40 ppm occur  i n  a p l i t e  d i kes  f u r t h e r  t o  t h e  n o r t h  

i n  t h c  Cas t l e  Rock,area.  Cook (1955, 1957) a l s o  r e p o r t e d  uranium 

m ine ra l s ,  b o t h  i n  p l a c e  and i n  p l ace rs ,  i n  t h i s  genera l  area, known as 

t h e  C i t y  o f  Rocks, b u t  s p e c i f i c  l o c a t i o n s  were n o t  p rov ided .  Not- 

w i t h s t a n d i n g  these  uranium occurrences and t h e  a i r b o r n e  anomaly, t h e  

uran ium p o t e n t i a l  o f  t h i s  area i s  o f  no consequence f rom an economic 

v i ewpo in t .  
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Anomalies 31, 32, 34, 35, 38, 42, and 46 a r e  grouped t o g e t h e r  because 

they share s i m i l a r i t i e s  w i t h  each o t h e r  b u t  d i f f e r  i n  some impo r tan t  

respec ts  f rom t h e  o t h e r  anomalies. The s i m i l a r i t i e s  a r e  t w o - f o l d .  

F i r s t ,  Precambrian X ( ? )  1  i t h o l o g i e s  predominate i n  t h e  dra inage bas ins  

f rom wh i ch  t he  anomalous waters  were ob ta ined  ( p l a t e s  1-2,). S c h i s t s  and 

conglomerate a r e  known t o  be u r a n i f e r o u s ,  as i s  i n d i c a t e d  by p e r c e n t i l e  

p l o t s '  o f  uranium concent ra t ions  i n  rock  samples ( t a b l e s  C - I V  and C - V  and 

f i g s .  C-2 and C-3), and they  a re  a l s o  r a d i o a c t i v e  ( f i g s .  C-12 th rough C- 

15 ) .  I n  c o n t r a s t ,  a l l  q u a r t z i t e s  i n  t h e  s tudy  area c o n t a i n  low uranium 

values ( f i g .  C-2 and C-3) and e x h i b i t  low' r a d i o a c t i v i t y  ( f i g .  C-12 th rough 

C-15). Therefore,  waters  f rom q u a r t z i t e  t e r ranes  c o n t a i n  1  ow u r a n i  urn 

con ten ts .  Proo f  o f  t h i s  i s  r e f l e c t e d  i n  t he  east -west  and nor thwes t -  

southeast  t r e n d i n g  geochemical depress ions i n  t h e  n o r t h e r n  A l b i o n  Rdrlye 

where uranium values f a l l  below t h e  15 th  p e r c e n t i l e  ( f i g .  A-3). Thus, 

q u a r t z i t e s ,  regard less  of  age, a re  poor  sources o f  uranium, and they  

e x h i b i t  anomalous r a d i o a c t i v i t y  o n l y  i n  some areas of  known s u l f i d e  

m i n e r a l i z a t i o n ,  l o c a l l y  y i e l d i n g  counts comparable t o  t h a t  ob ta i ned  f o r  

s c h i s t s ,  adamc l l i t e ,  t r ondh jem i te ,  and pegmat i te .  

The second p o i n t  o f  s i m i l a r i t y  r e l a t e s  t o  t h e  geo log i c  s e t t i n g  of t h e  

dra inage bas ins f rom whence t h e  anomalous samples were co l lec ted ,wh ich  

pre,cludes a  s i g n i f i c a n t  c o n t r i b u t i o n  o f  d i s s o l v e d  components f r om s i l  i c i c  

1  i tho lOg ies  i n  t he    re en Creek Complex ( p l a t e s  1 -2 ) .  Thus, t h e  source 

o f  the  anomalies n e c e s s a r i l y  r es i des  i n  t h e  conglomerate and s c h i s t s  o r  

e l s e  i s  a t t r i b u t a b l e  t o  uranium m i n e r a l i z a t i o n .  The l a t t e r  p o s s i b i l i t y ,  

which i s  h i n t e d  by ' the presence o f  t r a c e  element anomalies i n  some 
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o f  t h e  u r a n t f e r o u s  wate rs ,  i s  cons idered t o  be h i g h l y  u n l  i k e l y  , p a r t i c u l a r l y  m 
f o r  anomal i e s  34, 35, 42, and 46. These anomal i e s  probably  .stem from 

s imp le  chemical  weather ing  and s o l u t i o n  o f  u r a n i f e r o u s  s c h i s t s  and 

conglomerate i n  t h e i r  r e s p e c t i v e  dra inage basins.  Th i s  i n t e r p r e t a t i o n  i s  

based on s i m i l a r  chem is t r i es ,  s imp le  t r a c e  element s u i t e s ,  t h e  l a c k  o f  

anomalous r a d i o a c t i v i t y  i n  t h e i r  dra inage bas ins ,  and uranium con ten ts  

j u s t  above t h e  t h r e s h o l d  va lue o f  4.33 ppb. Anomalies 31, 32, and 38 a r e  

a l s o  i n t e r p r e t e d  t o  be u n r e l a t e d  t o  uranium m i n e r a l i z a t i o n  w i t h  economic 

s i g n i f i c a n c e ,  b u t  they  a r e  d iscussed i n  more d e t a i l  h e r e a f t e r  because o f  

a s i ~ l i i  l a r  b u t  somewhat d i f f e r e n t  o r i g i n .  

Anomalies 31, 32, and 38 share somewhat s i m i l a r  geo log i c  s e t t i n g s  

and genesis .  A1 1 t h r e e  rep resen t  sp r i ngs  s i t u a t e d  a t  low e l e v a t i o n s  w i t h  

r e s p e c t  t o  t h e i r  catchment areas. Moreover, t h e i r  dra inage bas ins a r e  

u n d e r l a i n  o n l y  by Precambrian X ( ? )  q u a r t z i t e  and s c h i s t ,  except  f o r  anomaly 

31, which i n c l u d e s  conglomerate.  Trace elements i n  these  t h r e e  u r a n i f e r o u s  

wate rs  vary  somewhat b u t  more i m p o r t a n t l y ,  a l l  t h r e e  e x h i b i t  s t r o n g  s u l f a t e  

and c h l o r i d e  ( s a l i n i t y )  anomal ies.  The Elba and Yost q u a r t z i t e s  a r e  bo th  

known t o  be weakly b u t  p e r v a s i v e l y  m ine ra l  i zed w i t h  ep i  gene t i  c p y r i t e  

th roughout  l a r g e  areas o f  t h e  R a f t  R i v e r  Range. The Elba, Upper Narrows, 

and Stevens S p r i n g  s c h i s t s  may be s i m i l a r l y  m ine ra l  i zed .  Therefore,  geo log i c  

s e t t i n g s  and yeochemica1,characteristics o f  these t h r e e  waters  suggest 

t h a t  p y r i t e  o x i d a t i o n  promotes s o l u t i o n  o f  mob i le  elements i n  t h e  q u a r t -  

z i t e s  and s c h i s t s  and r e s u l t s  i n  t h e  development o f  uranium and t r a c e  

element anomalies a t  p o i n t s  of  groundwater d ischarge.  

Th i s  i n t e r p r e t a t i o n  i s  f u r t h e r  r e i n f o r c e d  by t h e  conspicuous t r a i n  
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o f  subanomalous stream waters c o l  l e c t e d  from Johnson Creek ( f i g .  A-3). 

Johnson Creek d ra ins  an area w i t h  s i m i l a r  geology, i s  l oca ted  o n l y  a  

few m i l es  west o f  anomalies 31 and 32, and has a  pas t  h i s t o r y  of smal l -  

sca le  min ing  a c t i v i t y  f o r  prec ious meta ls .  

I n  the  George Creek-Charleston Creek-Johnston Creek area the  Elbd 

Q u a r t z i t e  i s  weakly b u t  pe rvas i ve l y  m ine ra l i zed  w i t h  ep igene t i c  p y r i t e ,  

presumably o f  hydrothermal o r i g i n ,  and l o c a l  outcrops were measured up 

t o  200 cps , which i s  f o u r  t imes the  response o f  t y p i c a l  Elba o r  Yost 

Q u a r t z i t e .  O x i d i z i n g  sur face  water  e n t e r i n g  f r a c t u r e s  i n  t h e  o v e r l y i n g  

Elba Sch i s t  apparent ly  mob i l i zes  uranium and o t h e r  s o l u b l e  elements 

which i n  t u r n  are c a r r i e d  downward i n t o  ub iqu i t ous  f r a c t u r e s  i n  t he  Elba 

Q u a r t z i t e  where i r o n  hydroxides absorb uranium as the  water  evaporates 

a t  t h e  outcrop.  S i m i l a r  cond i t i ons ,  a1 though w i t h o u t  anomalous r a d i a t i o n ,  

were a l s o  noted i n  t he  R igh t  Hand Fork o f  Johnson Creek and i n  the Century 

Hollow area. I f  t h i s  process were ope ra t i ve  a long t h e  d i v i d e  between 

t h e  L e f t  Hand Fork o f  Johnson Creek and Char leston Creek, i t  would e x p l a i n  

t h e  a i rbo rne  anomaly d iscovered t h e r e  ( p l a t e  2 ) .  

Ano~ilaly 40 i s  de f ined  by two u ran i f e rous  spr ings  t h a t  a re  s i t u a t e d  

i n  'c lose p r o x i m i t y  t o  each o t h e r  i n  t h e  Cedar H i l l s  o f  t he  southern 

A lb ion  Range ( p l a t e  2 ) .  They occur  a t  o r  j u s t  below t h e  unconformi ty  between 

t h e  E l  bs Q u a r t z i t e  and the  unde r l y i ng  Archean adamel l i  t e  ( p l a t e  1  ) .  T h e i r  

chemis t r ies  are s t r i k i n g l y  s i m i l a r  no tw i ths tand ing  t h e  d is tance of 

separat ion.  Both con ta in  de tec tab le  and, t he re fo re ,  somewhat anomalous 

contents of boro,n, 1  i thium, molybdenum, s t ron t ium,  and arsen ic .  I n  addi t i 0 0  , 

z i n c  occurs i n  one and barium i n  t he  o the r .  Both e x h i b i t  s u l f a t e  and 



m 
c h l o r i d e  anomal i e s .  I n  many respec ts ,  anomaly 40 ( two  p o i n t )  resembles 

anomalies 31 and 32. Nonetheless, these anomalous waters  p robab ly  

d e r i v e  most, i f  n o t  a l l ,  o f  t h e i r  somewhat un ique c h a r a c t e r i s t i c s  f rom 

t h e  processes o f  p y r i t e  o x i d a t i o n  and accompanying s o l u t i o n  o f  bedrock 

l i t h o l o g i e s  by a c i d  s u l f a t e  wate rs .  Whi le  a l l  o f  t h e  anomalies a t t r i b u t e d  

t o  these  processes p robab ly  m e r i t  a d d i t i o n a l  sampl i ng and f i e 1  d check ing 

(anomal ies 31, 32, 37, 38, 40, and 41),  none i s  b e l i e v e d  t o  s i g n i f y  

uran ium m i n e r a l i z a t i o n  w i t h  economic p o t e n t i a l .  

The g e o l o g i c  and h y d r o l o g i c  s e t t i n g s  ' o f  anomalies 21-23, 33, and 43 

a r e  s i m i l a r  t o  each o t h e r .  A l l  f o u r  l o c a ' l i t i e s  i n c l u d e  ex tens i ve  exposures 

o f  tu f faceous ,  f l u v i a l - l a c u s t r i n e ,  b a s i n - f i l l  sediments o f  l a t e  Miocene 

and P l i ocene  age. I n t e r c a l a t e d  o r  o v e r l y i n g  q u a r t z  l a t i  t e  ash f low t u f f s  

a r e  a l s o  common: Anomalies 21-23 and 43 rep resen t  s t ream waters  whereas 

anol~ ia ly  33 i s  f rom a w e l l  l o c a t e d  a t  t h e  o l d  w h i t e  school house i n  t h e  

v i l l a g e  o f  Yost.  A l though Elba Q u a r t z i t e  and a l loch thonous  sheets o f  

Pa leozo ic  carbonates comprise e x t e r ~ s i v e  outcrops a t  h i g h e r  e l e v a t i o n s  i n  

t h e  d ra inage  bas ins  o f  anomalies 21-23 and 33, they  a r e  n o t  l i k e l y  sources 

o f  uranium.\ Waters c o l l e c t e d  f rom te r ranes  composed p redominan t l y  o f  

q u a r t z i t e  and carbonate t y p i c a l l y  e x h i h i t  low uranium concen t ra t i ons .  

P r o o f  o f  t h i s  i s  ev idenced by t h e  east -west  and nor thwest -southeast  

t r e n d i n g  geochemical depress ions i n  t h e  n o r t h e r n  A1 b i o n  Range ( f i g .  A-3). 

Moreover, i n  Goose Creek Basin,  which i s  l o c a t e d  j u s t  west o f  t he  s tudy  

area,  s i m i l a r  t u f f aceous  sediments c o n t a i n  uranium and y i e l d  u ran i f e rous  

wate rs  (Mapel and H i  11 , 1959).  Thus, t h e  con ta ined  uranium and 

assoc ia ted  t r a c e  elements, namely a r sen i c ,  selenium, s i l v e r ,  1 i th ium,  'rn 
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boron, barium, and s t r on t i um,  p robab ly  stems f rom l e a c h i n g  o f  t h e  

abundant and w ide l y  d i s t r i b u t e d  v o l c a n i c  ash i n  these  T e r t i a r y  sediments 

by o x i d i  z i  ng waters .  

The c o n d i t i o n s  and i n t e r p r e t a t i o n  j u s t  descr ibed  a re  a1 so appl  i cab1 e  

t o  anomaly 43, b u t  some uranium i n  t h i s  wa te r  and t h e  assoc ia ted  

subanomalous waters o f  B i r c h  Creek may d e r i v e  f rom weather ing  o f  ex tens i ve  

exposures o f  Archean and Ol igocene adame l l i t es  i n  t h e  e a s t  f a c i n g  s lopes 

o f  M idd le  Mounta in ,  which i s  l o c a t e d  j u s t  west  o f  and t r e n d s .  p a r a l l e l  t o  

B i r c h  Creek ( f i g .  A-3 and p l a t e s  1-2) .  The uranium con ten t  o f  Ol igocene 

a d a m e l l i t e  i s  n o t  known, b u t  sparse r a d i a t i o n  measurements suggest t h a t  

i t  may be comparable l o c a l l y  t o  rocks  o f  Archean age. Anomalies 33 and 

43 b a r e l y  exceed t h e  t h r e s h o l d  va lue  o f  4.33 ppb. 

Anonlalies 1  and 37 rep resen t  a  s t ream and s p r i n g  wate r ,  r e s p e c t i v e l y ,  

t h a t  were ob ta ined  f rom areas u n d e r l a i n  by ex tens i ve  exposures o f  Pa leozo ic  

rocks,  ma in ly  carbonates, t h a t  a re  known t o  be m i n e r a l i z e d  w i t h  s u l f i d e s .  

Anomaly 1,  however, con ta ins  low s u l f a t e  and i n t e r m e d i a t e  c h l o r i d e  and i s  

chem ica l l y  s i m i l a r  t o  u ran i f e rous  waters  l o c a t e d  w e l l  upstream o f  t h e  

sampl ing p o i n t  and s i t u a t e d  a long  t h e  eas t  marg in  o f  t h e  prominent  

c l u s t e r  o f  anomalies i n  t h e  c e n t r a l  Grouse Creek Mountains.  The o r i g i n  

o f  t h i s  anomal.~,  t h e r e f o r e ,  i s  b e l i e v e d  t o  be t h e  same as t h a t  o f  t h e  

o the rs  compr is ing  t h e  c l u s t e r  and i s ,  f o r  t h e  most p a r t ,  p robab ly  u n r e l a t e d  

t o  t he  Pa leozo ic  rocks  and a l l u v i u m  u n d e r l y i n g  t h e  sampl ing s i t e .  

Anomaly 37 i s  a  s p r i n g  near  t h e  Skoro mine, l o c a t e d  j u s t  below and 

west o f  t h e  c r e s t  o f  t he  V ipon t  Range ( p l a t e  2 ) .  A l lochthonous Pa leozo ic  

rocks predominate l o c a l l y  and a re  m i n e r a l i z e d  w i t h  s u l f i d e s  o f  s i l v e r ,  
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l ead ,  z i nc ,  copper, a rsen ic ,  and i r o n  and carbonates of lead,  manganese m 
and copper. Gold i s  a l s o  r e p o r t e d l y  p resent .  The m i n e r a l i z a t i o n  i s  

r e 1  a ted  t o  t h e  synk i  nematic V i  pont  Mountain i n t r u s i o n  of unknown age. 

Th i s  area i s  a l s o  known as t h e  Ashbrook min ing  d i s t r i c t  i n  t h e  o l d e r  

1  i t e r a t u r e  and f i g u r e s  prominent ly  i n  Utah 's  pas t  s i l v e r  p roduc t ion  

s t a t i s t i c s .  The known m i n e r a l i z a t i o n  i s  r e f l e c t e d  i n  t h e  chemist ry  

o f  t h e  u ran i f e rous  water .  Uranium contents o f  waters c o l l e c t e d  f rom 

t h i s  area range f rom 2 t o  6 ppb ( p l a t e  2 and t a b l e  A-V). The source 

o f  t h e  uranium and assoc ia ted  t r a c e  elements i s  r e l a t e d  t o  t h e  s u l f i d e  

m i n e r a l i z a t i o n  and de r i ves  from o x i d a t i o n  o f  p y r i t e  and s o l u t i o n  o f  

carbonates by a c i d  s u l f a t e  waters,  as i s  evidenced by the  h igh  ca lc ium 

and s t r o n t i u m  concent ra t ions ,  h i g h  s u l f a t e  and i n te rmed ia te  c h l o r i d e  

contents,  and t h e  downstream disappearance o f  the  anomaly. Thus, t h e  

b a r e l y  anomalous and subanomalous uranium contents o f  waters f rom 

Paleozoic  rocks  i n  t h e  Ashbrook min ing  d i s t r i c t  probdbly  do n o t  r e f l e c t  

uranium m i n e r a l i z a t i o n .  

The e f f i c i e n c y  o f  t he  process o f  p y r i t e  o x i d a t i o n  i s  man i fes ted  i n  the  

f a c t  t h a t  anomaly 37 i s  t he  o n l y  u ran i f e rous  water known t o  o r i g i n a t e  i n  

Paleozoic  rocks i n  t h e  s tudy area. Whi le anomaly 1  co inc ides  geograph ica l l y  

w i t h  m ine ra l i zed  Paleozoic  rocks,  i t  i s  1 i k e l y  r e l a t e d  main ly  t o  t he  

processes respons ib le  f o r  t he  c l u s t e r  o f  anomalies w e l l  upstream o f  t h e  

sampl ing p o i n t  t h a t  appear t o  be e n t i r e l y  un re la ted  t o  o x i d a t i o n  o f  

p y r i  t e .  

Genera l ly  speaking, i f  uranium minera l  i z a t i o n  o f  economic s i g n i f i c a n c e  

had accompanied t h e  s u l f i d e  m i n e r a l i z a t i o n  known t o  occur  a t  a  number o f  
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l o c a l i t i e s  i n  t h e  R a f t  R i v e r  area, one would expect  much more pronounced 

hydrogeochemical anomalies i n  t h e  presence o f  o x i d a t i o n .  However, even 

i n  t h e  absence o f  impo r tan t  uranium minera l  i z a t i o n ,  hydrogeochemical 

anomalies a r e  t o  be expected i n  areas o f  o x i d i z i n g  s u l f i d e s  and accompanying 

s o l u t i o n  o f  bedrock by a c i d  s u l f a t e  waters  because t h i s  process i s  

ve ry  e f f e c t i v e  i n  m o b i l i z i n g  s o l u b l e  elements. The e f f i c i e n c y  o f  t h e  

process i s  b e l i e v e d  t o  account e n t i r e l y  f o r  anomalies 31, 32, 38, and 40 

and p robab ly  f i g u r e s  p rom inen t l y  i n  anomalies 39 and 41. I t may l i k e w i s e  

c o n t r i b u t e  somewhat t o  anomaly 11 i n  t h e  c e n t r a l  Grouse Creek Mountains.  

Var iab les  Related t o  Uranium 

Cal cu l  a t i o n  o f  Pearson ( 1  i n e a r )  and Spearman (non l  i near )  c o r r e l a t i o n  

c o e f f i c i e n t s  p e r m i t t e d  de te rm ina t i on  o f  t h e  v a r i a b l e s  t h a t  a r e  r e l a t e d  

s t a t i s t i c a l l y  t o  uranium ( t a b l e  A-IV). C o r r e l a t i o n  c o e f f i c e n t s  f o r  

most o t h e r  t r a c e  elements a r e  l a c k i n g  because t h e  sample p o p u l a t i o n  con ta ined  

an i n s u f f i c i e n t  number o f  analyses t o  p e r m i t  c a l c u l a t i o n  o f  s t a t i s t i c a l l y  

s i g n i f i c a n t  values. Pearson and Spearman c o r r e l a t i o n  c o e f f i c i e n t s  e x i s t  

f o r  uranium and s u l f a t e  (0.25***/0.26***), f o r  uranium and c h l o r i d e  and f o r  

u r a n i  um and i ron  (-0.31 ***/-0.27***), b u t  they a r e  n o t  i n c l  uded i n  appendix 

A; n e i t h e r  a re  t h e  Spearman c o r r e l a t i o n  c o e f f i c e n t s  ob ta i ned  f o r  uranium 

and a rsen i c  (0.32***) and f o r  uranium and s i l v e r  (0.25***). 

C l u s t e r  ana l ys i s  o f  t h e  c o r r e l a t i o n  m a t r i x  f a c i l i t a t e d  r e c o g n i t i o n  

o f  t h e  v a r i a b l e s  s t a t i s t i c a l l y  r e l a t e d  t o  uranium ( f i g .  A - 1 ) .  Genera l l y  

speaking, v a r i a b l e s  i n  t h e  d i f f e r e n t  groups a r e  n o t  as h i g h l y  c o r r e l a t e d  
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as the  va r iab les  w i t h i n  the  same group. These groups are i n d i c a t e d  i n  

t a b l e  A - I V  where they a re  separated by a  heavy b lack  l i n e .  For more 

d e t a i l s  concerning the  c a l c u l a t i o n s  and s i g n i f i c a n c e  o f  the  s t a t i s t i c a l  

parameters p r e v i o u s l y  mentioned, t he  reader i s  r e f e r r e d  t o  the  pub1 i cat ions  

i by Arendt and o the rs  ( 1  979) and by Snedecor and Cochran (1  967). 
. . 

C o r r e l a t i o n  and c l u s t e r  analyses o f  t he  va r iab les  r e s u l t  i n  a  
. ;. . . . 

, . r e l a t i v e l y  s imple c o r r e l a t i o n  m a t r i x  and dendrogram f o r  water samples 

i n  t h e  Raft R i ve r  area ( t a b l e  A - I V  and f i g .  A-1). C o l l e c t i v e l y  speaking, 

t h e  data conta ined t h e r e i n  p o i n t  t o  chemical weathering, bedrock 

l i t h o l o g y ,  and s u l f i d e  m i n e r a l i z a t i o n  as the  th ree  major c o n t r o l s  on the  

composi t i on o f  waters. 

This  same concl  us i o ~  was deduced independently i n  t he  preceding 

s e c t i o n  on uranium on the  basis  o f  t h e  s t rong  s p a t i a l  c o r r e l a t i o n s  noted 

between c e r t a i n  s t r a t i g r a p h i c  u n i t s  o r  li tho log ies ,  w i t h  o r  w i t h o u t  

associated s u l f i d e  m i n e r a l i z a t i o n ,  and occurrences o f  u ran i fe rous  waters. 

Moreover, these data  and those shown i n  f i g u r e  A-3 are  cons i s ten t  w i t h  

the  i n t e r p r e t a t i o n  t h a t ,  f o r  t h e  most p a r t ,  uranium concentrat ions i n  

waters o f  t he  study area de r i ve  from the  mechanical and chemical weathering 

and s o l u t i o n  o f  u ran i fe rous  Precambrian W and X ( ? )  l i t h o l o g i e s ,  which, 

on the  average, con ta in  on l y  c la rke  uranium values. The p o s s i b i l i t y  

o f  economic uranium m i n e r a l i z a t i o n  i n  t he  c e n t r a l  Grouse Creek Mountains 

where a  prominent c l u s t e r  o f  u ran i  ferous waters occurs, i s  n o t  precluded 

by t h e  data, b u t  i t  i s  n o t  considered t o  be a  s t rong  p o s s i b i l i t y  e i t h e r .  

The data i n  f i g u r e s  C-2 and C-3 pe rm i t  r e c o g n i t i o n  o f  t he  most l i k e l y  

sources o f  t he  uranium, namely the  Archean adame l l i t e  and s c h i s t  and 
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and Precambrian X ( ? )  s c h i s t s  and conglomerate. As p rev ious l y  mentioned, 

these a re  a l s o  the  most r a d i o a c t i v e  l i t h o l o g i e s .  

The h igh  c o r r e l a t i o n s  between as w e l l  as the  c l u s t e r i n g  o f  s i l i c o n ,  

potassium, and barium i n  t a b l e  A - I V  and f i g u r e  A-1, r e s p e c t i v e l y ,  i s  

i n t e r p r e t e d  t o  s i g n i f y  themechanical  and chemical breakdown o f  common 

fe ldspa r ,  b i o t i t e ,  and ferromagnesi an minera ls  , a1 1  of whi ch are 

suscep t i b le  t o  weathering. Quar tz  i s  q u i t e  r e s i s t a n t  and c o n t r i b u t e s  

l i t t l e ,  i f  anyth ing,  t o  o r d i n a r y  su r face  and sha l low subsurface waters. 

.Excluding a l l  q u a r t z i t e s  and t h e  Elba conglomerate, t he  Precambrian 

W and X ( ? )  l i t h o l o g i e s  c o n s t i t u t e  a  l a r g e  r e s e r v o i r  o f  a l l  o f  t h e  

elements shown i n  f i g u r e  A-1 except a rsen ic  and s u l f a t e .  The d i s t r i b u t i o n  

of these two components . i n  rocks o f  t he  s tudy area i s  unknown, b u t  i s  

probably  i n s i g n i f i c a n t  i n  coniparison w i t h  . o thers  1  i s t e d .  

Boron, sodium, c h l o r i d e ,  and l i t h i u m  are a l l  h i g h l y  c o r r e l a t e d  and 

comprise the  .second c l u s t e r  shown i n  f i g u r e  A-1 . The c o r r e l a t i o n  and 

c l u s t e r i n g  o f  these f o u r  va r i ab les  r e f l e c t  t h e i r  h i g h  geochemical m o b i l i t y  

i n  t he  supergene er~v i ronment  as w e l l  as t h e i r  h i g h  s o l u b i l i t y  i n  water .  

Therefore, any one o r  a l l  four of these va r i ab les  may be used as an 

i n d i c a t o r  of t he  r e l a t i v e  s a l i n i t y  o r  m a t u r i t y  o f  a  water.  S i m i l a r l y ,  

uranium, possessing h igh  geochemical m o b i l i t y  i n  o x i d i z i n g  waters, tends 

t o  d i s s o l v e  i n  p r o p o r t i o n  t o  these and o t h e r  h i g h l y  s o l u b l e  elements i n  

waters ( D a l l  'Agl  i o ,  1973, 1974). Thus, t h e  h igh  c o r r e l a t i o n s  between 

uranium and these f o u r  mob i le  elements i n  waters o f  the  s tudy area are  

i n t c r p r e t e d  t o  mean t h a t  t he  gene ra l l y  observed r e l a t i o n s h i p  between 
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s a l i n i t y  and uranium concen t ra t i on  accounts f o r  a  l a r g e  p r o p o r t i o n ,  

b u t  n o t  n e c e s s a r i l y  a.11, o f  t h e  d i s s o l v e d  uranium. Except ions appear 

t o  i n c l u d e  10 o f -  t h e  21 u ran i f e rous  waters  i n  t h e  c e n t r a l  Grouse Creek 
. . 

Mountains ( t a b l e  A-V) . Others u r a n i f e r o u s  waters ,  n o t a b l y  anomalies 12, 

24, 26-28, 31 23, 36, and 38-41, appa ren t l y  conform t o  t h i s  r e l a t i o n s h i p .  

I n  a d d i t i o n ,  anomal ies 1, 4, 5, 10, 11, 15, 17, 18, 20, 21,.25, 28, 

33, 35, 43, and 47 a l l  c o n t a i n  i n t e r m e d i a t e  c h l o r i d e  values and may owe 

t h e i r  anomalous uran ium con ten ts  i n  p a r t  o r  t o t a l l y  t o t h e e f f e c t s  o f  

bedrock s o l u t i o n  and t h e  r e l a t e d  e f f e c t s  o f  s a l i n i t y .  

The' a r e a l  d i s t r i b u t f o n  o f  sodium concent ra t ions  i n  waters  i s  shown 

i n  f i g u r e  A-4. The most conspicuous p a t t e r n  revea led  i n  t h i s  map i s  

t h a t  t h e  w a t e r s w i t h  l owe r  sodium concen t ra t i ons  occur  i n  areas o f  h i g h  
. . 

p r e c i p i t a t i o n  and recharge a t  t h e  h i g h e r  e l e v a t i o n s  i n  t h e  mountains. 

Th i s  i s  t h e e x p e c t e d  p a t t e r n  under c o n d i t i o n s  o f  i n c r e a s i n g  solu.t;ion o r  

s a l i n i t y  i n  t h e  down g r a d i e n t  d i r e c t i o n ,  which i s  e v i d e n t  i n  t h e  nearby 

c o n c e n t r i c  arrangement o f  concen t ra t i ons  symbols ove r  t h e  R a f t  R i v e r  and 

A l b i o n  Range. Th i s  p a t t e r n ,  however, i s  n o t  e v i d e n t  i n  t h e  c e n t r a l  

Grouse Creek ~ o u n t a i n s  where u r a n i f e r o u s  waters  abound. Moreover, 

comparison o f  f i g u r e s  A-3 and A-4 i n d i c a t e s  t h a t  s a l i n i t y  anomalies a r e  

n o t  always c o i n c i d e n t  w i t h  uranium anomalies i n  t h e  l a t t e r  area. The 

expected i nc rease  i n  sodium ( o r  s a l i n i t y )  i n  t h e  downstream o r  down 

g r a d i e n t  d i r e c t i o n  i s  c l e a r l y  seen i n  George Creek, Char les ton  Creek, and 

Johnson Creek i n  t h e  nor thwes te rn  R a f t  R i v e r  Mountains; by W i l dca t  Creek 

and Dove Creek i n  t he  Dove Creek Mountains, and by Pine Creek and i t s  
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counterpar t  on the  eas t  s lope i n  t h e  c e n t r a l  Grouse Creek Mountains 

( p l a t e  2 and f i g .  A-4). The obvious geochemical lows i n  t h e  A lb ion  

Range co inc ide  w i t h  ex tens ive  exposures o f  Precambrian X ( ? )  and Z ( ? )  

q u a r t z i t e s ,  whereas the  conspicuous h i g h  southwest o f  Yost corresponds 

t o  t h e  conf luence o f  f o u r  o f  t he  p rev ious l y  mentioned streams e x h i b i t i n g  

s a l i n i t y  g rad ien ts .  

The t h i r d  group o f  h i g h l y  c o r r e l a t e d  and c l u s t e r e d  v a r i a b l e s  inc ludes  

calcium, magnesium, and s t ron t i um ( f i g .  A-1). Comparisons o f  t h e i r  

geochemical p l o t s  ( n o t  i nc luded  i n  appendix A),  revealed pa t te rns  

s t r i k i n g l y  s i m i l a r  t o  those o f  sodium ( f i g .  A-4). Major  drainages 

revea l  downstream increases i n  concent ra t ions  o f  these th ree  va r i ab les ,  

and s i g n i f i c a n t  dev ia t i ons  f rom the  sodium p a t t e r n  occur o n l y  i n  waters 

c o l l e c t e d  f r o m . o r  l oca ted  i n  p r o x i m i t y  t o  Paleozoic  carbonate rocks where 

pronounced calcium, magnesium, and s t r o n t i u m  anomalies e x i s t  w i t h  o r  

w i t hou t  associated sodium anomalies. Geochemical lows co inc ide  w i t h  

q u a r t z i t e  te r rane.  This  group o f  va r i ab les  are i n t e r p r e t e d  t o  r e f l e c t  

t he  same processes p rev ious l y  mentioned, t h a t  i s ,  chemical weather ing and 

s o l u t i o n  o f  bedrock, both o f  which account f o r  t h e  h igh  c o r r e l a t i o n s  

observed between uranium and elements o f  t h i s  group ( t a b l e  A-IV).  A l l  

o f  these elements have comparable geochemical m o b i l i t i e s  i n  t he  supergene 

env i  ronrrlerlt and proven h i  gh so l  ub i  1  i t i e s  i n  water .  Moreover, a  1  arge 

r e s e r v o i r  o f  these elements res ides  i n  nonquar t z i t e  l i t h o l o g i e s  of 

Precambrian W and X ( ? )  rocks as w e l l  as i n  ex tens ive  exposures o f  

Paleozoic carbonates i n  the  a l lochthonous sheets. Blank geochem pa t te rns  

on the  sawtooth s i d e  o f  the  low-angle f a u l t s  shown on p la te  1  i n v a r i a b l y  

co inc ide  w i t h  Paleozoic  a l loch thons .  
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One 1nigh.t be tempted t o  i n t e r p r e t  t h e  s t r o n g  three-way c o r r e l a t i o n s  

between ca lc ium,  magnesi um, and s t r o n t i u m  t o  s i  gn i  fy predonii n a n t l y  

s o l u t i o n  o f  carbonate .rocks, b u t  t h e  geochemical p l o t s  c l e a r l y  showed 

some c l u s t e r s  o f  anomalies t o t a l l y  u n r e l a t e d  t o  carbonate rocks .  However, 

t h e  c o r r e l a t i o n  between uranium and these t h r e e  v a r i a b l e s  becomes s t r a i n e d  

because uranium c o n t e n t  of waters  from carbonate t e r ranes  i s  t y p i c a l l y  

1  ow, suqges t i  nq 1 ow ind igenous u r a n i  urn va lues . 
I r o n ,  a r sen i c ,  and s u l f a t e  e x h i b i t  s t r o n g  c o r r e l a t i o n s  w i t h  uranium 

i n  waters .  The f i r s t  i s  nega t i ve  and t h e  l a t t e r  two a re  p o s i t i v e .  These 

t h r e e  v a r i a b l e s  and uranium a re  r e l a t e d  through a  common process, namely 

o x i d a t i o n .  The n e g a t i v e  c o r r e l a t i o n  between uranium and i r o n  i s  

compat ib le  w i t h  t h e i r  r e s p e c t i v e  o x i d a t i o n  s t a t e s  i n  o x i d i z i n g  waters .  

Urany l  i o n  i s  h i g h l y  so lub le ,bu t  i r o n  forms i n s o l u b l e  f e r r i c  hydrox ides 

which soon p r e c i p i t a t e .  High i r o n  concen t ra t i ons ,  t h e r e f o r e ,  a re  t o  be 

expected i n  wate rs  w i t h  low Eh where, co r respond ing ly  low concen t ra t i ons  

o f  uranium would p r e v a i l  because o f  t h e  low s o l u b i l i t y  o f  u r i nous  ox ide .  

The s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  ob ta i ned  f o r  

u r a n i  um and a r s e n i c  (0.32***) and f o r  u r a n i  um and s u l  f a t e  (0.25***/0,26***) 

a r e  bo th  b e l i e v e d  t o  be r e l a t e d  t o  t h e  l o c a l l y  impo r tan t  process o f  p y r i t e  

o x i d a t i o n  ment ioned i n  an e a r l i e r  s e c t i o n .  P y r i t e  and a rsenopyr i  t e  

m i n e r a l i z a t i o n  i s  known t o  e x i s t  i n  t h e  Ward, Ashbrook, Johnson Creek, 

Century Hol low ( a l s o  -known as Park Val l e y ) ,  and ~ o s e b u d  m in ing  d i s t r i c t s .  

I t  i s  a l s o  suspected t o  occur  a t  a  few o t h e r  l o c a l i t i e s  based on 

hydrogeochemical r e s u l t s  ( t a b l e  A-V) . The f o rma t i on  o f  u rany l  s u l f a t e  

complexes enhances t h e  s o l u t i o n  o f  any uranium presen t .  The c o r r e l a t i o n  6. 
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between uranium, arsen ic ,  s u l f a t e ,  and i r o n  i s  i n  l i g h t  o f  known s u l f i d e  

m i n e r a l i z a t i o n ,  i n t e r p r e t e d  t o  r e f l e c t  o x i d a t i o n  o f  p y r i t e  and 

arsenopyri  t e .  This process probably accounts f o r  anomal i e s  31 , '32, 37, 

38, and 40 and may c o n t r i b u t e  t o  anomalies 11, 39, and. 41 ( p l a t e  2 ) .  

I t  i s  doubful  t h a t  economic uranium m i n e r a l i z a t i o n  occurs w i t h  the 

s u l f i d e  m i n e r a l i z a t i o n  f o r  two reasons. F i r s t ,  i t  i s  almost inconce ivab le  

the  prospectors w i t h  s c i n t i  11 i a t i  on counters would have missed t h e  known 

min ing d i s t r i c t s  du r ing  the  f r e n z i e d  e x p l o r a t i o n  o f  t he  1950's.  Most 

were discovered i n  the  l a t e  1800's o r  e a r l y  1900's and they are  a l l  

conspicuous because o f  good access, numerous a d i t s ,  mine dumps, and 

count less prospects p i t s .  Secondly, the magnitude o f  t he  anomalies 

would be expected t o  be s i g n i f i c a n t l y  h ighe r  i n  t he  presence o f  economic 

u ran i  urn minera l  i z a t i o n  accompanied by o x i d i z i n g  s u l f i d e s .  As a pre-  

caut ionary measure, there fore ,  some o f  these hydrogeochemical anomal i e s  

should be f i e l d  checked i n  more d e t a i l  s ince recen t  a i rborne surveys 

detected 5 r a d i a t i o n  anomalies over areas o f  known o r  suspected s u l f i d e  

m i n e r a l i z a t i o n  ( p l a t e  4, a i rbo rne  anomalies 8, 10, 13, 15, and 19) .  Four 

o f  t he  f i v e  a i rbo rne  anomalies correspond c l o s e l y  t o  areas charac ter ized 

by hydrogeochemical anomal i e s  ( p l a t e  2, anomal i e s  11 , 31 , 38, and 40).  

I n  some instances,  stream sediment and rock anomalies a l s o  co inc ide  w i t h  

o r  occur i n  p rox im i t y  t o  t he  hydrogeochemical anomalies ( p l a t e s  2-4). 

The sources o f  the  a i rborne anomalies remain essen t i a l  l y  u n v e r i f i e d .  

They niay be r e l a t e d  t o  uranium m ine ra l i za t i on ,  o r  , as the  w r i t e r  

suspects, they nlay o r i g i n a t e  i n  connect ion w i t h  p y r i t e  o x i d a t i o n  and 

adsorpt ion o f  minute amounts of  uranium by the  r e s u l t i n g  f e r r i c  hydroxides, 

i n  niuch the  same way as observed by Lover ing (1955) i n  h i s  s tudy of  
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r a d i o a c t i v e  l i m o n i t e s .  Only sma l l  amounts o f  uranium would be r e q u i r e d  m 
t o  generate a  r a d i a t i o n  anornaly , s i n c e  even t h e  most u r a n i f e r o u s  rocks  

. . 

o f  t h e  s tudy  area c o n t a i n  on t h e  average l e s s  than 3 ppm uranium o r  

approx imate ly '  c l a r k e  amounts ( t a b l e s  C - I  through C - V I  I and f i g s .  C-2 

and C-3). 

Uranium ,and s i l v e r  a l so  c o r r e l a t e  p o s i t i v e l y  (Spearman, 0.25 m.y. ) .  

T h i s  c o r r e l a t i o n  i s  f u r t h e r  evidence o f  t h e  process 0.f p y r i t e  and 

a r s e n o p y r i t e  o x i d a t i o n .  S i l v e r  was t h e  main prec ious.  meta l  assoc ia ted  

w i t h  t h e  s u l f i d e  m i n e r a l i z a t i o n  i n  most o f  t h e  p r e v i o u s l y  ment ioned m in ing  

d i s t r i c t s  ( p l a t e  4 ) .  Thus, d u r i n g  t h e  o x i d a t i o n  o f  base and p rec ious  

meta l  s u l f i d e s ,  anomalous concen t ra t i ons  o f  some meta ls  m igh t  be expected 

, i n  t h e  a c i d  s u l f a t e  waters ,  p a r t i c u l a r l y  those w i t h  moderate. t o  h i g h  

geochemi c a l  mobi 1  i ty  i n  supergene env i  ronments and moderate t o  h i  gh 

s o l  u b i  1  i ty  i n  wate r .  

Trace elements con ten ts  o f  waters  i n  t h e  R a f t  R i v e r  area, 

e x c l u d i n g  t h e  h i g h l y  s o l u b l e  and.common rock - f o rm ing  t r a c e  elements,  

e x h i b i t  marked v a r i a t i o n s  f rom one sample t o  ano ther  and t y p i c a l l y  

occu r  below t h e  d e t e c t i o n 1  i in i  t o f  t h e  a n a l y t i c a l  method u t i  1  i z e d  

( t a b l e s  A - I  and A- I  I I ) .  Those c o r r e l a t e d  w i t h  uranium have a1 ready 

been discussed. ' A  number o f  o t h e r  elements e x h i b i t  s t a t i s t i c a l l y  

s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c e n t s  w i t h  each o t h e r  d e s p i t e  t h e  smal l  

sample popu la t i ons  ( n o t  i n c l u d e d  i n  Appendix A ) .  These w i l l  n o t  be 

d iscussed i n d i v i d u a l l y  because t h e  da ta  a r e  sparse and i n t e r p r e t a t i o n  

t h e r e o f  i s  f r a u g h t  w i t h  d i f f i c u l t y .  A v a i l a b l e  da ta ,  however, suggest t h a t  

most, i f  n o t  a l l ,  o f  t h e  anomalous concen t ra t i ons  o f  t r a c e  elements i n  

wate rs  may be r e a d i  l y  exp la i ned  by chemical weather ing  o f  m ine ra l  i zed ,a@ 



rocks o r  a1 l uv i um c o n t a i n i n g  s u l f i d e s  and lo r  t h e  common accessory and 

pegmat i te  m ine ra l s .  Thus, anomalous concen t ra t i ons  o f  t r a c e  e len~ents  

i n  waters  may d e r i v e  f rom any one o r  a  combinat ion o f  these s i t u a t i o n s .  
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Stream Sediment Samples 

A t o t a l ' o f  616 s t ream sediment samples were c o l l e c t e d  f rom t h e  

R a f t  R i v e r  area.- Samp1in.g s i t e s  as w e l l  as anomalous samples a r e  

shown on p l a t e  3. Areas on p l a t e  3 f o r  which sample coverage i s  sparse 

o r  e n t i r e l y  l a c k i n g  a r e  e i t h e r  u n d e r l a i n  by rocks  hav ing  no p o t e n t i a l  

f o r  t h e  t y p e  o f  uran ium depos i t s  sought, o r  they  correspond t o  areas o f  

p r i v a t e  l a n d  ownership and l i m i t e d  access. Sample coverage o the rw i se  

i s  cons idered  t o  be s a t i s f a c t o r y .  Th i iq ty -one  v a r i a b l e s  were measured and 

t h e y  a r e  l i s t e d  i n  t h e  summary s t a t i s t i c s  i n  t a b l e  B - I ,  appendix B. 

The cor respond ing  da ta  a re  i n c l u d e d  i n  t a b l e  B-111, appendix B. S t a t i s -  

t i c a l  1 y . s i g n i f i c a n t  c o , r r e l a t i o n s  were ob ta i ned  f o r  most v a r i a b l e s  and 

a r e  shown i n  t a b l e  B-11 appendix B. The r e s u l t s  o f  c . lus te r  a n a l y s i s  o f  

t h e  c o r r e l a t i o n  m a t r i x  a r e  g r a p h i c a l l y  i l l u s t r a t e d  i n  f i g u r e  B-1. 

, . .  The a rea l  d i s t r i b u t i o n s  and concen t ra t i ons  o f  seven v a r i a b l e s  ( U f ,  Ut ,  

K, V,  Th, Na, Be) Por  s t ream sediment samples a re  shown i n  f i g u r e s  

B - 3  through B-9, appendix B. 

Examinat ion o f  t h e  summary s t a t i s  t i c s  f o r  s t ream sediment samples 

revea l s  t h a t  a l l  o f  t h e  v a r i a b l e s ,  excep t  s i l v e r  and molybdenum, occur  

i n  concen t ra t i ons  above t h e  d e t e c t i o n  l i m i t  o f  t h e i r  r e s p e c t i v e  a n a l y t i c a l  

method ( t a b l e  B - I 1  , and f i g .  B-1 , app. B) . O f  t h e  31 v a r i a b l e s  measured, 

23 have d i s t r i b u t i o n s  i n  which t h e  mean, median, and mode a r e  c l o s e l y  

comparable, i n d i c a t i n g  a  h i g h  degree o f  symmetry f o r  t h e  corresponding 

log f requency  d i s t r i b u t i o n s .  L o g p r o b a b i l i t y  p l o t s  o f  concen t ra t i ons  

show 24 o f  t h e  v a r i a b l e s  e x h i b i t  lognormal o r  ve ry  n e a r l y  lognormal 

d i s t r i b u t i o n s .  Except ions i n c l u d e  uranium ( f l u o r o m e t r i c  and neu t ron  0. 
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a c t i v a t i o n ) ,  boron, ca lc ium,  copper, niobium, and z i rconium. Dev ia t i ons  

from l ogno rma l i t y ,  whether weak o r  pronounced, r e l a t e  t o  d i f f e r e n c e s  i n  

concen t ra t i on  d i s t r u b u t i o n s  f o r  each o f  t h e  ma jo r  l i t h o l o g i e s  i n  t h e  

s tudy  area. These d i f f e r e n c e s  a r e  c l e a r l y  i n d i c a t e d  by t h e  v a r i a b l e s  

i n  t h e i r  r e s p e c t i v e  s t a t i s t i c a l  and a rea l  geochemical p l o t s  f o r  wa te r ,  

s t ream sediment, and e s p e c i a l l y  r ock  samples. I n  some ins tances  t h e  

d e v i a t i o n s  r e l a t e  t o  s u l f i d e  m i n e r a l i z a t i o n  o r  sodium metasomatism o f  

a d a m e l l i t e  gneiss by Ol igocene i n t r u s i o n s .  

Cons idera t ion  o f  t h e  va r i ous  s t a t i s t i c a l  da ta  pe rm i t s  r e c o g n i t i o n  

o f  79 anomalous s t ream sediment samples f o r  uranium f l u o r o m e t r i c  o r  

a c i d  so lub le ,  U f ,  and neu t ron  a c t i v a t i o n  o r  t o t a l ,  Ut .  Anomalous 

s t ream sediment samples a r e  a r b i t r a r i l y  d e f i n e d  t o  be samples i n  which 

b o t h  U f  and U t  concen t ra t i ons  equal o r  exceed t h e  85 th  p e r c e n t i l e  o f  

t h e i r  r e s p e c t i v e  l o g p r o b a b i l i t y  d i s t r i b u t i o n s .  Th i s  corresponds t o  

7.2 ppm and 9.5 ppm f o r  Uf and U t ,  r e s p e c t i v e l y  ( f i g .  B-2, app. B) , 

each o f  which i s  e q u i v a l e n t  t o  one s tandard d e v i a t i o n  above t h e  mean * 

U f  and U t  con ten ts  f o r  s t ream sediment samples. Th i s  dual  requi rement  

r e s u l t s  i n  s l i g h t l y  fewer anomalous stream sediment samples ( p l a t e  3 )  

than on t h e  r e s p e c t i v e  geochemical p l o t s  o f  U f  and U t  ( f i g s .  B-3 and B-4, 

app. B) . 

Uran i  um 

I n s p e c t i o n  of  t a b l e  B - I ,  .appendix B y  revea l s  t h e  mean, median, and 

mode f o r  bo th  U f  and Ilt d i f f e r  s i g n i f i c a n t l y  f rom each o t h e r .  Fo r  U f  

they  a re  6.2, 3.3, and 2.7 ppm, r e s p e c t i v e l y ,  whereas f o r  U t  
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t hey  a r e  7.6, 4.7, and 4..1 ppm, r e s p e c t i v e l y .  The range o f  bo th  

v a r i a b l e s  i s  comparable, 0.7 t o  103 ppm and 0.9 t o  102-ppm f o r  

U f  and U t ,  r e s p e c t i v e l y .  As migh t  be expected f rom such c o n t r a s t i n g  

s t a t i s t i c s ,  t h e  l o g p r o b a b i l  i t y  d i s t r i b u t i o n s  of  Uf and U t  concen t ra t i ons  

i n  s t ream sediments a r e  n o t  lognormal ( f i g .  B-2, a  pp. B).  Dev ia t i ons  

f r om l o g n o r m a l i t y  a r e  g rea tes t  a t  t h e  h i g h e r  U f  and Ut  concen t ra t i ons .  

I n t e r e s t i n g l y ,  t h e  logprubab i  1  i t y  d i s t r i b u t i o n s  o f  bo th  v a r i a b l e s  

e x h i b i t  n e a r l y  i d e n t i c a l  p a t t e r n s  ( f i g .  B-2, app. B) , sugges t ing  bo th  

a r e  h i g h l y  c o r r e l a t i v e  and p o s s i b l y  share a  common exp lana t ion .  T h i s  i s  

' a l so  i n d i c a t e d  by t h e  l o g p r o b a b i l i t y  p l o t  o f  t h e  r a t i o ,  Uf /Ut ,  which 

c l o s e l y  approximates . l ogno rma l i  t y  ( f i g .  B-2, app. B) , and a  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  p o s i t i v e ,  and h i g h  Pearson c o r r e l a t i o n  c o e f f i c i e n t  

o f  0.9.3 f o r  these two v a r i a b l e s  ( t a b l e  B-11, app. B) .  A d d i t i o n a l  

ev idence s u p p o r t i v e  o f  t h i s  i n t e r p r e t a t i o n  i s  a l s o  con ta ined  i n  t h e  

r e s p e c t i v e  geochemical p l o t s  o f  these two v a r i a b l e s  ( f i g s .  B-3' and B-4).  

The a r e a l  d i s t r i b u t i o n s  o f  U f  and U t  concentra.tr ions a r e  shown i n  

f i g u r e s  B-3 and B-4, appendix B y  where in  concen t ra t i on  ranges a re  

d e p i c t e d  graph-i c a l  l y  by  s tandard symbols o f  t h e  Canadian Geo log ica l  

Survey. The a r e a l  d i s t r i b u t i o n  p a t t e r n s  f o r  U f  and U t  a r e . p r a c t i c a l l y  

i d e n t i c a l  . ~ o r e o v ' e r ,  bo th  geochemical p a t t e r n s  a r e  s im i  1  a r  t o  those 

f o r  u r a n i f e r o u s  wate rs  ( f i g .  A-3, app. A) .  That  i s ,  s t ream sediment 

anomalies l i k e w i s e  e x h i b i t  s t r o n g  l i t h o l o g i c  p re fe rences .  I n  a d d i t i o n ,  

t hey  commonly occu r  w i  t h y  o r  ve ry  near,  hydrog'eochemical anomal i e s .  

The geographic and l i t h o l o g i c  correspondences a r e  r e a d i l y  apparent  f rom 

a  comparison . o f  p l a t e s  1  and 3. O f  t h e  79 s t ream sediment anomalies 
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del ineated ' ,  34 occur  i n  t h e  Grouse Creek Mountains, 29 a r e  ' i n  t h e  

Raf t  R i v e r  Mountains, and 16 a r e  i n  t h e  A l b i o n  Range, b u t  none a r e  l o c a t e d  

i n  t h e  Dove Creek Mountains. Wi th  respec t  t o  bedrock l i t h o l o g y ,  t h e  

correspondence i s  even more marked w i t h  24 anomalies o c c u r r i n g  i n  

dra inage bas ins u n d e r l a i n  by Green Creek Complex, ma in l y  a d a m e l l i t e  

gneiss;  31 by bo th  ~ r e c a m b r i a n  W and X ( '?) l i t h o l o g i e s . ;  s i x  by Precambrian 

X ( ? )  rocks;  one by Paleozoic  and Precambrian Z ( ? )  q u a r t z i t e ,  s c h i s t ,  

and ,marble; and 17 by va r i ous  combinat ions o f  t h e  above i n c l u d i n g ,  o r  

excluding ,01 igocene adamell i t e .  C o l l e c t i v e l y  , Precambrian W and X ( ? )  

l i t h o l o g i e s  account f o r  61 o f  t h e  79 stream sediment anomalies. 

The c o r r e l a t i o n  between anomalous stream sediment samples and 

water  samples i s  most apparent i n  a comparison o f  e i t h e r  p l a t e s  2 and 3 

o r  f i g u r e s  A-3 and B-3. Water anomalies 24-26, 28, 38, and 40-45 l a c k  

corresponding stream sediment anomalies, and stream sediment anomalies 

, . 63 and 67-74 l a c k  corresponding hydrogeochemical anomal ies.  F i n a l  l y ,  

t h e  l a c k  o f  co inc idence  between stream sediment and wate r  anoma'lies 

. i n  t h e  southwestern R a f t  R i v e r  Mountains stems f rom t h e  a r b i t r a r y  

d e f i n i t i o n s  employed (U con ten ts  - 85 th  p e r c e n t i  1 e o f  t h e  r e s p e c t i v e  

d i s t r i b u t i o n s ) .  A s i n g l e  anomalous water ,  number 27, and two subanomalous 

waters  c o i n c i d e  w i t h  t h e  c l u s t e r  o f  stream sediment anomalies, 37-37 ( f i g s .  

A-3 and B-3 o r  p l a t e s  2-3) .  

The mean U f ,  U t ,  and Uf /U t  r a t i o  and assoc ia ted  s tandard  d e v i a t ~ o n s  

o f  stream sediment anomalies i n  t h e  R a f t  R i v e r ,  Grouse Creek, and 

A1 b i o n  Ranges were c a l c u l a t e d ,  b u t  t h e  r e s u l  t s  a r e  o f  dubious s t a t i s t i c a l  

s i g n i f i c a n c e  because of t h e  smal l  number o f  samples. It i s  notewor thy,  

however, t h a t  t h e  h i ghe r  values f o r  t h e  t h r e e  v a r i a b l e s  a r e  assoc ia ted  

w i t h  anomalies i n  t he  Raf t  R i v e r  Range, whereas somewhat lower  va lues 
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f o r  t t ie t h r e e  v a r i a b l e s  t y p i f y  anomalies i n  t h e  Grouse Creek and A lb ion  

Ranges. The on l y  d i s c e r n i b l e  d i f f e r e n c e  between the  western and eas tern  

exposures o f  t h e  autochthon r e l a t e s  t o  t h e  e f f e c t s  o f  reg iona l  

metamorphism. The A lb ion  and Grouse Creek Ranges conta in  t he  most 

deformed and h ighestmetamorphic  grade exposures o f  t h e  autochthon, 

whereas t h e  R a f t  R i v e r  Mountains con ta in  t he  l e a s t  deformed and lowest  

mctarnorphic grsdc exposures. 

I n  summary, t h e  s t rong  s t a t i s t i c a l ,  a r e a l ,  and l i t h o l o g i c  c o r r e l a t i o n s  

noted between Uf and U t  f o r  t he  stream sediment anomalies, and t h e  h igh  

coinc idence o f  stream sediment and hydrogeochemical anomalies, a re  

i n t e r p r e t e d  t o  owe t h e i r  o r i g i n s  t o  the  processes o f  mechanical and 

chemical weathering, e ros ion ,  and s o l u t i o n  o f  u ran i f e rous  heavy 

minera ls .  Uran i fe rous  minera ls ,  no tab l y  rnonazi t e ,  a1 l a n i  t e ,  samarski t e ,  

u rano tho r i  t e  ( ? )  . , , and z i r con ,  as we1 1  as others p o s s i b l y  present ,  b u t  as 

y e t  unreported, a re  known t o  occur as d isseminat ions i n  Archean, Precambrian 

X ( ? ) ,  and T e r t i a r y  rocks (Compton, 1972, 1975; Todd, 1973; B i l l  

Ga l l an t ,  o r a l  communication, 11/13/79). They represent  e i t h e r  magmatic, 

d e t r i t a l ,  synqenet ic ,  o r  metamorphical ly segregated components o f  t h e  

rocks ,  depending on t h e  l i t h o l o g y  i n  quest ion.  Mechanical and chemical 

weather ing l i b e r a t e s  t h e  u ran i f e rous  minera ls  t o  t he  dra inage basins.  

S o l u t i o n  o f  u ran i f e rous  heavy minera ls  i n  t h e  rocks themselves o r  o f  

a l l u v i a l  concent ra t ions  de r i ved  there f rom by s p r i n g  and stream water  

probably  accounts f o r  t he  weakly u ran i f e rous  waters as w e l l  as t h e  

g e n e r a l l y  observed correspondence between stream sediment and hydrogeo- 

chemical anomalies. 
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Low U f  values and low Uf /U t  r a t i o s  p robab ly  r e f l e c t  heavy m ine ra l  

concen t ra t ions  a l r eady  leached o f  t h e i r  s o l u b l e  uranium o r ,  as i s  more 

l i k e l y  i n  l i g h t  o f  a v a i l a b l e  m ine ra log i c  data,  t h e  presence o f  r e s i s t a t e  

heavy m ine ra l s  such as z i r c o n  and monazi te which a re  l i t t l e  a f f e c t e d  by 

t rea tment  w i t h  a, m i x t u r e  o f  h o t  n i  t r i c - h y d r o f l u o r i c  ac i d .  The h i g h  

s t a t i s t i c a l  and a rea l  c o r r e l a t i o n s  o f  U f  and Ut ,  as w e l l  as t h e  lognormal 

d i s t r i b u t i o n  o f  U f /U t ,  emphasize t h a t  uranium i n  t h e  t a r g e t  l i t h o l o g i e s  

res ides  i n  s p a r i n g l y  s o l u b l e  m ine ra l s .  

Uran i fe rous  m ine ra l s  suspected t o  be p resen t  i n  t h e  Precambrian W 

and X ( ? )  1  i t h o l o g i e s  i n c l u d e  a1 l a n i  t e ,  monazi te,  z i r c o n ,  samarski t e ,  

and p o s s i b l y  u r a n o t h o r i  t e  (Todd, 1973; Compton, 1975, B i  11 G a l l a n t ,  

o r a l  communication, 11/13/79).  These u r a n i f e r o u s  m ine ra l s ,  except  f o r  

z i r c o n  and p o s s i b l y  monazi te,  a re  s p a r i n g l y  s o l u b l e  and s u s c e p t i b l e  t o  

t rea tment  by a  m i x t u r e  o f  h o t  n i  t r i c - h y d r o f l u o r i c  ac i d .  They l i k e l y  

account f o r  most of  t h e  s t a t i s t i c a l  , a rea l  , and geochemical c o r r e l a t i o n s  

noted het.ween Uf,  U t ,  and qeochemica l ly  r e l a t e d  elements such as 

thor ium,  cer ium, and y t t r i  uni. Acceptance o f  t h i s  i n t e r p r e t a t i o n ,  

however, renders t h e  presence o f  impo r tan t  uranium m i n e r a l i z a t i o n  d o u b t f u l ,  

because commercial areas t y p i c a l l y  c o n t a i n  h i g h l y  s o l u b l e  m ine ra l s  such 

as u r a n i n i  t e ,  p i t chb lende ,  and c o f f i n i  t e  r a t h e r  than  t h e  r e s i s t a t e  

u r a n i  fe rous  m ine ra l s  p r e v i o u s l y  mentioned. 

F i n a l l y ,  t he  magnitude o f  t h e  U f  and U t  anomalies i n  bo th  t h e  

stream sediments and rocks does n o t  r e q u i r e  uranium m i n e r a l i z a t i o n ,  b u t  

mere ly  t h e  presence o f  heavy m ine ra l s  .in which uranium can s u b s t i t u t e  

f o r  o t h e r  geochemical1.y s i m i l a r  elements, such as t ho r i um and t h e  r a r e  
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e a r t h s .  Th i s ,  t oo ,  i s  amply s a t i s f i e d  by t h e  known occurrence and 

d i s t r i b u t i o n  o f  a l l  a n i  t e ,  monazi t e ,  z i r c o n ,  and, l e s s  commonly, 

samarsk i te  and p o s s i b l y  u r a n o t h o r i t e  i n  t he  Precambrian W and X ( ? )  

1  i t h o l o g i e s .  Col l e c t i v e l y  , t h e  geochemi c a l  da ta  suppo'rt t h e  p r e f e r r e d  

i n t e r p r e t a t i o n  and argue aga ins t  t h e  p o s s i b i l i t y  o f  impo r tan t  

uranium m i n e r a l i z a t i o n  i n  t h e  R a f t  R i v e r  area. 

Va r i ab les  Re la ted  t o  Uranium 

C a l c u l a t i o n  o f  Pearson and Spearman c o r r e l a t i o n  c o e f f i c i e n t s  

p e r m i t t e d  de te rm ina t i on  o f  t h e  v a r i a b l e s  t h a t  a r e  r e l a t e d  s t a t i s t i c a l  1y 

t o  uranium ( t a b l e  B - I  I ) .  S t a t i s t i c a l  l y  s i g n i f i c a n t  co r re l a . t i ons  were 

ob ta i ned  f o r  U t  ( neu t ron  a c t i v a t i o n ) ,  boron, ca lc ium,  scandium, n i c k e l ,  

copper,  1 i thium, z i n c ,  y t t r i  um, thor ium,  cer ium, a1 uminum, sodium, 

b e r y l  1 ium, and s t r o n t i u m .  C o r r e l a t i o n  c o e f f i c i e n t s  f o r  boron, ca lc ium,  

and s t r o n t i u m  a r e  a l l  nega t i ve  ( t a b l e  B - 1 1 ) .  The s t r o n g e s t  c o r r e l a t i o n ,  

between Uf and U t  (0 .93) ,  has a1 ready been discussed. The o t h e r  

c o r r e l a t i o n  c o e f f i c i e n t s  a re  equal t o  o r  l e s s  than 0.33, which renders 

them o f  ques t i onab le  s i g n i f i c a n c e .  

C l u s t e r  a n a l y s i s  o f  t h e  c o r r e l a t i o n  m a t r i x  f a c i l i t a t e d  r e c o g n i t i o n  

o f  groups o f  c o r r e l a t e d  v a r i a b l e s  ( f i g .  B - I ) .  The c l u s t e r  a n a l y s i s  

i n  no way a1 t e r s  t h e  c o r r e l a t i o n s  and can be thought  .o f  as a  convenient  

o r g a n i z a t i o n  o f  t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s .  Groups o f  

c o r r e l a t e d  var iab l 'es  a r e  i s o l a t e d  by a  b l a c k  l i n e  on t h e  c o r r e l a t i o n  
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m a t r i x  ( t a b l e .  B-I I ) .  C l u s t e r  and c o r r e l a t i o n  analyses o f  v a r i a b l e s  

a r e  power fu l  t o o l s ' - i n  d i s c e r n i n g ,  as w e l l  as i n t e r p r e t i n g ,  r e l a t i o n s h i p s  

between v a r i a b l e s  o r  groups o f  v a r i a b l e s .  

As p r e v i o u s l y  noted, c o r r e l a t i o n  and c l u s t e r  analyses o f  v a r i a b l e s  

r e s u l t  i n  a  more compl i ca ted  c o r r e l a t i o n  m a t r i x  and dendrogram f o r  

stream sediment samples than  f o r  wa te r  samples. A l l  o f  t h e  s t a t i s t i c a l l y  

s i g n i f i c a n t  c o r r e l a t i o n s  , as we1 1  as t h e  r e 1  a t i o n s h i p s  between groups 

o f  c o r r e l a t e d  v a r i a b l e s ,  a re  b e l i e v e d  t o  s i g n i f y  common m i n e r a l o g i c  

and/or 1  i t h o l o g i  c  assoc ia t i ons  r e s u l t i n g  f rom a  v a r i e t y  o f  igneous , 

sedimentary,  and/or metamorphic processes and n o t  impo r tan t  uranium 

m i n e r a l i z a t i o n .  

Boron and z i r con ium a re  h i g h l y  c o r r e l a t e d  and comprise t h e  second 

group o f  c o r r e l a t e d  v a r i a b l e s  i n  f i g u r e  B-1. These elements a r e  w i d e l y  

d i s t r i b u t e d  b u t  o n l y  i n  sparse amounts ( t a b l e s  C - I  t h rough  C - V I I I ,  appendix 

C). The a r e a l  geochemical p l o t s  f o r  each show somewhat e r r a t i c  d i s t r i b u -  

t i o n s  t h a t  correspond most c l o s e l y  w i t h  E lba S c h i s t  and Q u a r t z i t e  

i n  t h e  R a f t  R i v e r  Range, E lba Q u a r t z i t e  and Upper Narrows S c h i s t  i n  t h e  

n o r t h e r n  A l b i o n  Range, and Elba Q u a r t z i t e  and Conglomerate elsewhere. 

I n  a d d i t i o n ,  some s c a t t e r e d  boron anomalies occur  i n  a s s o c i a t i o n  w i t h  

Paleozoic  rocks.  

The d i s t r i b u t i o n ,  1  i t h o l o g i c  c o r r e l a t i o n ,  and geochemical a s s o c i a t i o n  

of  boron and z i rcon ium a r e  i n t e r p r e t e d  t o  be assoc ia ted  w i t h  a s i m i l a r  

d i s t r i b u t i o n  of  t ou rma l i ne  and z i r c o n  i n  s t ream sediments de r i ved  f rom 

. t h e  e r o s i o n  o f  q u a r t z i t e ,  conglomerate,  and adamel 1  i t e .  These two 

r c s i s t a t e  heavy m ine ra l  s i l i c a t e s  a r e  known t o  occur  f n  q u a r t z i t e  and 
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. . 

conglomerate (Compton, 1975), and z i r c o n  i s  a  common accessory i n  t h e  

Archean adamel 1  i t e  gneiss (Todd, 1973). 

A  n e g a t i v e  c o r r e l a t i o n  between boron and uranium (Uf and U t )  

m i r r o r s  t h e '  p a u c i t y  o f  uranium i n  q u a r t z i t e .  Thus, stream sediments 

: d e r i v e d  p r i n c i p a l l y  f r om e r o s i o n  o f  q u a r t z i t e  a r e  u n l i k e l y  t o  c o n t a i n  

much. s o l u b l e  uranium. Th is  i n t e r p r e t a t i o n  i s  r e i n f o r c e d  by t h e  

p a u c i t y  o f  boron anomalies i n  areas u n d e r l a i n  l a r g e l y  by Archean and 

01 i gocene adamel 1 i t e  whereas t h e  oppos i t e  e f f e c t  i s  n o t i c e a b l e  i n  areas 

u n d e r l a i n  by  e x t e n s i v e  exposures o f  q u a r t z i t e .  I n ,  c o n t r a s t ,  t h e  reve rse  

o f  bo th  s i t u a t i o n s  i s  t r u e  f o r  uranium ( f i g s .  B-3 and B-4).  

Bar ium and potass ium comprise t h e  t h i r d  group o f  h i g h l y  c o r r e l a t e d  

v a r i a b l e s  ( f i g .  B-1) .  The a r e a l  geochemical p l o t s  o f  bo th  a r e  s i m i l a r .  

7 h a t  f o r  po tass ium-  i s  i nc l uded  i n  Appendix B  ( f i b .  B - 5 ) .  Comparison 

o f  f i g u r e  B-5 and p l ' a t e  1  r e v e a l s  t h a t  abnormal concen t ra t i ons  o f  

potass ium c o r r e l a t e  c l o s e l y  w i t h  t h e  d i s t r i b u t i o n  o f  Archean and 

01 i gocene adamel 1  i tes  and Precambrian X ( ? )  s c h i s t s .  Barium and 

potass ium anomalies i n  stream sediments p robab ly  i n d i c a t e  abnormal 

concen t ra t i ons  o f  f e l dspa r  d e r i v e d  f r om e ros ion  o f  mos t l y  a d a m e l l i t e  

and s c h i s t s  and, t o  a  l e s s e r  e x t e n t ,  t h e  upper q u a r t z i t e  member o f  t h e  

Elba which con ta ins  abundant m i c r o c l i n e .  The l a c k  o f  any c o r r e l a t i o n  

between bar ium,  potassium, and uranium, whose d i s t r i b u t i o n s  para1 l e l  

each o t h e r  i n  rocks  and waters ,  stems f rom d i f f e r e n c e s  i n  t h e  s p e c i f i c  

g r a v i t y  o f  f e l d s p a r  and u r a n i  fe rous  heavy m ine ra l s  . Thus, anomal i e s  

due t o  t h e  f e l d s p a r  a r e  n o t  l i k e l y  t o  i n c l u d e  anomal ies 'due t o  t h e  

uranium. Accord ing ly ,  no s t a t i s t i c a l  c o r r e l a t i o n  e x i s t s  desp i t e  

d e r i v a t i o n  f rom the  same bedrock l i t h o l o g i e s .  
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The f o u r t h  group o f  c o r r e l a t e d  v a r i a b l e s  i nc l udes  ca l c i um and 

magnesium ( f i g .  B-1).  The a rea l  d i s t r i b u t i o n s  o f  bo th  a re  very  

s i m i l a r . ,  Concentrat ions o f  ca l c i um and magnesium i n  stream sediments 

show a  c l ose  r e l a t i o n s h i p  t o  bedrock 1  i tho logy .  Anomalous con ten ts  

c o i n c i d e  w i t h  Pa leozo ic  carbonates and m a f i c  igneous rocks,  bo th  o f  which 

a r e  r i c h  i n  these elements.  I n te rmed ia te  con ten ts  r e l a t e .  t o  Archean 

and 01 igocene adamel l i t e s  and Precambrian W and X ( ? )  s c h i s t s .  Very 

low va lves c o i n c i d e  w i t h  ex tens i ve  exposures o f  q u a r t z i t e .  Thus, 

a rea l  , 1  i t h o l o g i c ,  and geochemical c o r r e l a t i o n s  o f  ca l c i um and 

magnesium r e f l e c t  t h e i r  s i m i l a r  chemis t ry  and d i s t r i b u t i o n  p r i n c i p a l l y  

as carbonate ferr.omagnesi an. m ine ra l s  and c a l  c i  um p l  a g i o c l  ase. The 

s t a t i s t i c a l l y  s i g n i f i c a n t  b u t  nega t i ve  c o r r e l a t i o n s  w i t h  uranium 

a r e  r e a d i l y  exp la i ned  by t he  p a u c i t y  o f  uranium i n  carbonate and m a f i c  

rocks ,  t he  p r i n c i p a l  sources o f  ca l c i um and magnesium i n  t h e  s tudy  area. 

The l a r g e s t  group o f  c o r r e l a t e d  v a r i a b l e s  i nc l udes  scandium, 

vanadium, c o b a l t ,  chronium, n i c k e l  , and copper ( f i g .  B-1 ) .  A1 1  e x h i b i t  

s t r i  k i n q l y  s i m i l a r  a rea l  d i s t r i b u t i o n s ,  and 1  i t h o l o g i c  and geochemical 

c o r r e l a t i o n s  o f  t he  v a r i a b l e s  i n  t h i s  group m i r r o r  t h e  d i s t r i b u t i o n  o f  

ma f i c  rocks i n  Precambrian W and X ( ? )  u n i t s .  Thus ,stream sediment 

anomal i es o f  these s i x  v a r i a b l e s  i n d i c a t e  abnormal concen t ra t ions  of 

heavy and ferromagnesian m ine ra l s  d e r i v e d  f r om e r o s i o n  o f  nearby 

a ~ i i p h i b o l i t e s  and m a f i c  s c h i s t s .  The s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n s  between scandium, n i c k e l ,  copper, and uranium probab ly  

r e f l e c t  comparable q u a n t i t i e s  o f  assoc ia ted  heavy m ine ra l s .  S i l  i c i c  and 
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m a f i c  Precambrian W and X ( ? )  rocks ,  which a re  i n v a r i a b l y  p resen t  

i n  t h e  same dra inages,  account f o r  t h e  observed r e l a t i o n s h i p  between 

these v a r i a b l e s  . 
L i t h i u m  and z i n c  comprise ano ther  group o f  c o r r e l a t e d  v a r i a b l e s .  

Area l  d i s t r i b u t i o n s  and l i t h o l o g i c  c o r r e l a t i o n s  m i r r o r  t h e  occurrence 

o f  l a t e  s tage  igneous d i f f e r e n t i a t e s ,  such as pegmat i tes and m i n e r a l i z e d  

a-reas, and e a r l y  s tage  metamorphic segregat ions i n  s c h i s t s .  . A nuniber 

o f  z i n c  anomal ies c o r r e l a t e  w i t h  wate r  c o l l e c t e d  from ga lvan ized  t roughs 

and p ipes .  Thus, t h e  predominant l i t h o l o g i e s  i n v o l v e  r e m o b i l i z e d  

Archean a d a m e l l i t e ,  pegmat i tes,  and a p l i t e s  i n  Archean and Ol igocene 

adamel 1  i t e s  , and Precambrian W and X ( ? )  s c h i s t s  c o n t a i n i n g  metamorphic 

segrega t ions .  C o r r e l a t i o n  w i t h  uranium i n d i c a t e s  a  s i m i l a r  source f o r  

u r a n i  fe rous  m ine ra l s  . 

Phosphorus and y t t r i u m  form a  group of c o r r e l a t e d  v a r i a b l e s .  

D i s t r i b u t i o n  p l o t s  of  these two v a r i a b l e s  a r e  s i m i l a r .  Anomalies e x h i b i t  

c l o s e  correspundence w i t h  Archean and Precambrian X ( ? )  s c h i s t s  and 

Pa leozo ic  carbonates.  I n te rmed ia te  values r e l a t e  t o  exposures o f  

q u a r t z i t e .  The a r e a l  , 1  i t h o l o g i c ,  and geochemical c o r r e l a t i o n s  a r e  

i n t e r p r e t e d  t o  s i g n i f y  t h e  common occurrence and s i m i l a r  d i s t r i b u t i o n  

o f  a p a t i t e  and monazi te ,  two r e s i s t a t e  heavy m ine ra l s  known t o  occur  i n  

I ' rcc i l~~,br i i ln  and T e r t i a r y  adaniell i t e s  ad  odd, 1973) as we1 1  as i n  t he  E l  t,a 

Q u a r t z i t e  ( B i l l  G a l l a n t ,  o r a l  communication, 11 /13 /79 ) .  I n  a d d i t i o n ,  

Compton and o t h e r s  ( 1977) .ob ta ined  a p a t i  t e  f rom Archean adamel 1  i t e  and 

Pogonip marb le  f o r  f i s s i o n  t r a c k  da t i ng .  Thus, s t ream sediment anomalies 
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o f  phosphorus and y t t r i u m  l i k e l y  r e f l e c t  abnormal concen t ra t i ons  o f  

a p a t i t e .  and monazi te d e r i  ved f r om e r o s i o n  o f  nearby rocks c o n t a i n i n g  

these minera l  phases. Noteworthy i s  t h e  l a c k  o f  c o r r e l a t i o n  

between uranium and phosphorus and between t ho r i um and phosphorus. 

Perhaps t h i s .  mere ly  r e f l e c t s  t h e  p a u c i t y  o f  uranium and t ho r i um i n  

a p a t i t e  (Compton and o the rs ,  1977),  as w e l l  as an impover ished source 

o f  these two elements i n  Pa leozo ic  carbonates and i ' n  a l l  q u a r t z i t e s .  

I t  a l s o  suggests t h a t  another  m i n e r a l ,  p robab ly  a l l a n i t e ,  accounts 

f o r  most o f '  th.e uranium ( U f )  and thor ium.  

Manganese and t i t a n i u m  c o r r e l a t e  and comprise s t i l l  ano ther  group 

on t he  dendrogram ( f i g .  B-1).  A lso  i n c l u d e d  i s  t o t a l  gamma, b u t  no 

s i g n i f i c a n c e  i s  a t tached  t o  t h i s  v a r i a b l e  r e l a t i v e  t o  s t ream sediments 

because t h e  data a r e  q u i t e  sparse. Thus, t h e  c a l c u l a t e d  c o r r e l a t i o n  . . 

c o e f f i c i e n t s  a re  o f  dubious s i g n i f i c a n c e .  The a r e a l  d i s t r i b u t i o n s  

o f  manganese and t i t a n i u m ,  which a re  n o t  i n c l u d e d  i n  appendix B y  

correspond c l o s e l y  t o  ex tens i ve  ou tc rops  o f  Upper Narrows Sch i s t  and, 

t o  a  l e s s e r  e x t e n t ,  m a f i c  igneous rocks  such as amph ibo l i t e .  I n te rmed ia te  

values c o i n c i d e  w i t h  q u a r t z i t e s .  Thus, anomalies o f  manganese and 

t i  t a n i  uln i n  s t ream sediments p robab ly  s i g n i f y  abnormal concen t ra t i ons  

o f  i l m e n i  t e ,  r u t i  l e y  and sphene d e r i v e d  f rom e r o s i o n  o f  m a f i c  s c h i s t s ,  

q u a r t z i t e s ,  and amph ibo l i t es .  Lack o f  c o r r e l a t i o n  w i t h  uranium i s  t o  

be expected s i n c e  maf ic rocks  and q u a r t z i t e s  c o n s t i t u t e  poor  sources 

o f  uranium. 

Thor ium and cer ium comprise a  group o f  c o r r e l a t e d  v a r i a b l e s  ( f i g .  l3-1). 
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- The a r e a l  d i s t r i b u t i o n s  o f  b o t h  elements a re  s i m i l a r .  Comparison o f  

f i  qure 0-7 and p la te  1  revea l s  a  s t r o n g  co inc idence  between t h o r i  um 

anomalies and areas ' i 'nd&-l a i  n  by ex tens i ve  exposures ' o f  Archean 

adamel 1  i ' t e  gne iss  : I n t e r m e d i a t e  va lues a r e  r a t h e r  w i d e l y  d i s t r i b u t e d  

and 'are a s s o c i a t e d w i t h  Precambrian X ( ? )  sch i s t s '  and q u a r t z i t e s .  

These 3 a t t e r  1  i t h o l o g i e s  a1 so c o n s t i t u t e  a  1  arge r e s e r v o i r  of t h o r i u m  

and ce r i um- re la ted  elements.  Moreover ,compar ison~ o f  f i g u r e s  B-3 and 

B-4 w i t h  f i g u r e  13-7 i n d i c a t e s  a  s t r i k i n g  p a r a l l e l  between t h e  a r e a l  

d i s t r i b u t i o n s  o f  Uf., U t  , and t h o r i  um. The t h o r i  urn-ceri urn a s s o c i a t i o n  

p robab l y  i n d i c a t e s  an .ass ,oc ia t i on  r e s u l t i n g  f rom abnormal concen t ra t i ons  

o f  monazi te,  a1 l a n i  t e ,  and samarski t e  i n  s t ream sediments o r i g i n a t i n g  

f rom e r o s i o n  o f  m o s t l y  Precambrian W and X ( ? )  li t h o l o g i e s ,  and t h e  
. . 

c o n t a c t  zones between Archean and Ol igocene adame l l i t es  (Todd, 1973).  

The s t a t i s t i c a l  and a rea l  c o r r e l a t i o n s  o f  thor ium,  cer ium, and 

,uranium, t h e r e f o r e ,  i s  t o  b e  expected and r e l a t e s  t o  s i n l i  l a r i  t i e s  i n  

geochemist ry  m inera logy ,  and 1  i t h o l o g y  i n  t h e  s tudy area.  Acco rd ing l y ,  

'most and p robab l y  a l l  o f  t h e  uran ium i n  t h e  s t ream sediment anomalies 

d e r i  ves f r om concen t ra t i ons  o f  r e s i s t a t e  u r a n i  fe rous  . heavy m ine ra l s  

i n  which uranium i s  p resen t  as a  minor  s u b s t i t u t i o n  r a t h e r  than  a  ma jo r  

component. A1 1  a n i  t e ,  monazi te,  z i r c o n ,  and samarski t e ,  1  i s t e d  i n  

decreas ing  o r d e r  o f  impor tance,  a re  t h e  1  i k e l y  res idence '  s i t e s  o f  

uranium. These m i n e r a l s  a re  a l s o  t h e  main sources o f  thor ium,  cer ium, 

and y t t r i u m .  . I n  t h i s  i n t e r p r e t a t i o n ,  t h e  uranium anomalies i n  wate r ,  

s t ream sediments,  and rocks  a r e  u n r e l a t e d  t o  impo r tan t  uranium 



m i n e r a l i z a t i o n .  Rather,  they  m i r r o r  t h e  d i s t r i b u t i o n  o f  uranium and 

geochemical ly-re.1 a ted  elements i n  bedrock sources w i t h i n  t h e  s tudy  area 

as w e l l  as t h e  va r i ous  geo log i c  processes whereby m o b i l i z a t i o n  occurs 

i n  t h e  supergene environment.  Th i s  i n t e r p r e t a t i o n  de r i ves  suppor t  

f rom t h e  observed s t r o n g  c o r r e l a t i o n  between bedrock l i t h o l o g y  and 

uranium anomalies and t h e  r e l a t i v e l y  smal l  magnitude o f  t h e  anomalies 

i r r e s p e c t i v e  o f . samp le  type .  

Sodium and aluminum a r e  a l s o  a group o f  c o r r e l a t e d  v a r i a b l e s ,  grouped 

t oge the r  on t h e  dendrogram ( f i g .  B-1 ) . T h e i r  d i s t r i b u t i o n  and l i t h o l o g i c  

c o r r e l a t i o n s  a re  s t r i k i n g l y  s i m i l a r  and a r e  c l o s e l y  r e l a t e d  t o  t h e  

l a r g e  exposures o f  Archean a d a m e l l i t e  gneiss w i t h i n  and around t h e  

cores o f  t h e  gneiss domes i n  t h e  Grouse Creek and A1 b i o n  Ranges ( f i g .  B-8 

and p l a t e  1 ) . ' The s t r o n g  a r e a l  , 1 i tho1 og i  c , and geochemical a s s o c i a t i o n s  

o f  sodium and aluminum i n d i c a t e  ma jo r  occurrences o f  sodium f e l d s p a r  

(a1 b i  t e  and 01 i gocl  ase) i n  Archean adamel 1 i t e  gne iss .  Thus, s t ream 

sediment anomal i e s  o f  sodiurn and/or a1 umi num mere ly  r e f l e c t  t h e  occurrence 

and d i s t r i b u t i o n  o f  sodium f e l d s p a r  which de r i ves  ma in l y  b u t  n o t  

e x c l u s i v e l y  f rom e ros ion  o f  Archean adamel li t e  gneiss.  Adamel 1 i t e  i n  

t h e  mant led gneiss domes was sub jec ted  t o  sodium metasomatism i n  p r o x i m i t y  

t o  i n t r u s i o n s  o f  T e r t i a r y  adame l l i t e ,  an obse rva t i on  f i r s t  no ted  by 

Todd (1973) i ti h e r  pe t rog raph i c  s tudy  o f  t h e  Archean and 01 iqocene 

ada lne l l i t c s  i n  t h e  c e n t r a l  Grouse Creek Mountains. The geochemical 

p l o t s  o f  sodium and aluminum demonstrate t h a t  sodium metasomatism o f  

t h c  Archean a d a m e l l i t e  gneiss by Ol igocene i n t r u s i o n s  i s  n o t  l i m i t e d  

t o  t h e  l a t t e r  area, b u t  a l s o  cha rac te r i zes  t h e  Moulton, City o f  Rocks, 
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Almo; and Mount Independence gneiss domes i n  t h e  A1 b i o n  dange 

The e f f e c t s  o f  sodium metasomatism c l e a r l y  e x e r t  t h e  t h e  g r e a t e s t  

c o n t r o l  on t h e  d i s t r i . b u t i o n  o f  t h e  elements sodium and' aluminum. A  

s i m i l a r  b u t  l e s s  pronounced e f f e c t  i s  suggested f o r  thorium,based 

on a  s i m i l a r ,  b u t  l e s s  ex tens i ve  d i s t r i b u t i o n  ( f i g .  8-7 and C-7). 

Apparen t l y  uranium was . n o t - . a f f e c t e d  by t h e  process, except  , p o s s i b l y  
. . 

i n  the. c e n t r a l  Grouse. -'Creek Mountains , because t h e  e f fec ts  t h e r e o f  , 
. . 

are n o t  obvious1.y expressed i n  t h e  d i s t r i b u t i o n s  0.f U f  o r  ; U t ,  even 

though uranium e x h i b i t s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( b u t  low)  c o r r e l a t i o n  

c o e f f i c i e n t s '  w i t h  sodium and aluminum. I t  should be noted, however, 

t h a t  deep e r o s i o n  i n  bo th  t h e  C i t y  o f  Rocks and Almo mant led gneiss 

domes may have ' e l i m i n a t e d  t h e  e f f e c t s  o f  t h e  process i n  these two areas 

by removal o f  t h e  a l t e r e d  envelope. I n  c o n t r a s t ,  i n s u f f i c i e n t  e r o s i o n  o f  

B i g  Ber tha  and t h e  R a f t  R i ve r  Range domes p robab ly  accounts, ' f o r  t h e  

l a c k  o f  e x p r e s s i o n ' . i n  those areas, assuming, o f  course, bo th  a re  domed 

by and c o r e d . w i t h  T e r t i a r y  i n t r u s i o n s  a t  depth.  

I n t e r e s t i n g l y ,  sodium nletasomatism i s  a l s o  known t o  be a  common t ype  

o f  a1 t e r a t i o n  acconipanying uranium m i n e r a l i z a t i o n  i n  o r  near  p l u t o n i c  

i gneous rucks  (Ma thews, 1978). Thus, co inc idence  of  geochemi c a l  

anomal i e s  ( p l a t e s  2-4) , a i r b o r n e  r a d i a t i o n  anomal i e s  ( p l a t e  ,4 ) ,  and 

sod i  um nletasomatism of Archean adamel 1  i t e  by 01 igocene adamel 1  i t e  

( f i g .  B-8 and p l a t e  1 )  suppor t  t h e  p o s s i b i l i t y  o f  uranium m i n e r a l i z a t i o n  

i n  t he  c e n t r a l  Grouse Creek Mountains.  A l though t h i s  p o s s i b i l i t y  i s  

d o u b t f u l ,  i t  can o n l y  be v e r i f i e d  o r  r e f u t e d  by a d d i t i o n a l  f i e l d  work. 
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B e r y l l i u m  and n iob ium form t h e  l a s t  group o f  two c o r r e l a t e d  

v a r i a b l e s  on t he  dendrogram f o r  s t ream sediment samples ( f i g .  B-1).  

They e x h i b i t  s i m i l a r  a r e a l  d i s t r i b u t i o n s  and 1  i t h o l o g i c  c o r r e l a t i o n s  

( f i g .  B-9). Anomal i e s  c o i n c i d e  w i t h  areas u n d e r l a i n  by e i t h e r  pegmati t e ,  

a p l  i t e  , o r  qua r t z  ve ins  i n  Archean and T e r t i a r y  adamel 1  i t e s  , o r  

metamorphic segregat ions i n  Precambrian X ( ? )  s c h i s t s .  The a r e a l  , 

l i t h o l o g i c ,  and geochemical assoc ia t i ons  o f  b e r y l l i u m  and n iob ium 

a r e  i n t e r p r e t e d  t o  s i g n i f y  t h e  s i m i l a r  occurrence and d i s t r i b u t i o n  o f  

b e r y l  , o r  a  bery  11 ium-be'aring heavy minera l  , and a  heavy m ine ra l  o f  

n iob ium and tanta lum,  p robab ly  co lumb i te  and samarsk i te ,  b o t h  o f  which 

a r e  known t o  occur  i n  t r a c e  amounts i n  T e r t i a r y  a d a m e l l i t e  and Archean 

s c h i s t  (Anderson, 1931 ; B i l l  G a l l a n t ,  o r a l  communication, 11/13/79).  

The c o r r e l a t i o n  between uranium and b e r y l  1  ium m i r r o r s  t he  s i m i l a r  

occurrences and d i s t r i b u t i o n s  o f  these two elements.  The l a c k  o f  

c o r r e l a t i o n  between n iob ium and uranium, however, p robab ly  stems 

f rom t h e  p a u c i t y  o f  co lumb i te  and samarsk i te  i n  these rocks .  

S t ron t i um i s  i s o l a t e d  on t h e  dendrogram, b u t  i t  c o r r e l a t e s  w e l l ,  

bo th  s t a t i s t i c a l l y  and a rea l  l y ,  w i t h  bar ium and ca l c i um ( t a b l e  B-11).  

The s t r o n t i u m  geochemical p l o t  i s  a l s o  s i m i l a r  t o  t h a t  o f  ca lc ium.  

Anomalous s t r o n t i u m  values c o r r e l a t e  w i t h  expsoures o f  Pa leozo ic  ca r -  

bonates and T e r t i a r y  a d a m e l l i t e .  I n te rmed ia te  va lues correspond t o  

Archean adamell i t e  and Precambrian X ( ? )  s c h i s t s .  A1 1  f o u r  1  i t h o l o g i e s  

c o n t a i n  abundant s t r on t i um.  Stream sediment anomalies o f  s t r o n t i u m  

r e l a t e  mos t l y  t o  e ros ion  o f  nearby carbonate rocks  and, t o  a l e s s e r  

e x t e n t ,  pegmat i tes and a p l i t e s  i n  T e r t i a r y  adamell i t e  i n  t h e  A l b i o n  
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. . . . 
Range. The n e g a t i v e  .and low s t a t i s t i c a l  c o r r e l a t i o n  between 

s t r o n t i u m  and uranium probab ly  stems from the  s t r o n g  i n f l u e n c e  o f  

Pa leozo ic  carbonates on t h e  occurrence and d i s t r i b u t i o n  o f  s t r on t i um.  

Carbonates, i n  genera l  , -are poor  sources o f  ura'nium. 
. . 

Summary o f  s t r e a m  Sediment Data 

. . 
:. . . 

Ana l ys i s  o f  t h e  seven ty -n i  ne ( 7 9 )  anomalous s t ream sediment samples 

j n d i c a t e s  t h e  f o l l o w i n g  conc lus ions  : 

1 ) These sampl es exh i  b i  t s t r o n g  1 i t h o l  og i  c  preferences, 

s p e c i f i c a l l y  f o r  t h e  adamel 1  i t e  gneiss o f  t h e  Green Creek 

Complex and t h e  1 i t h o l  o g i  es i n c l u d e d  i n  t he  Precambrian 

W and X ( ? )  age rocks .  

2 ) .  These h o s t  rocks a re  most common i n  t h e  Grouse Creek and 

R a f t  R i v e r  Mountains,  b u t  do occur  i n  t he  ~ l b . i o n  Range. 

3 ) .  The anomalous stream sediment sample s i t e s  c o i n c i d e  w i t h  

many o f  t h e  anomalous wa te r  sample s i t e s  ( p l a t e s  2 and 3 ) .  

4 ) .  Sodi um  etas so mat ism o f  Archean adamel 1  i t e  caused by nearby 

i n t r u s  i on o f  01 i gocene adamel 1  i t e  a f f e c t e d  concen t ra t i ons  

o f  sodium, aluminum, and t o  some e x t e n t ,  thor ium.  

S t a t i s t i c a l l y  s i g n i f i c a n t  Pearson and Spearman c o r r e l a t i o n s  
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were ob ta ined  f o r  a  number o f  v a r i a b l e s .  T h e i r  c o r r e l a t i o n s  a r e  a t t r i b u t e d  

t o  m ine ra log i c  assoc ia t i ons  which a r e  found i n  s p e c i f i c  h o s t  rocks .  

The magnitude o f  the  s t ream sediment anomalies f o r ,  uranium a r e  

low.and, range . f rom;J.2 t o . 1 0 3  ppm U f  and U t .  O f  a  t o t a l - o f  79 anomalies 

o n l y  23 exceed 30,  ppm U f  and U t  and 56 f a1  1  i n  t h e  range 7.2 t o  30 ppm 

U f  and Ut .  Dev ia t i ons  f rom lognormal i ty  a r e  pronounced o n l y  f o r  ~f and 

U t  values g r e a t e r  than about 5  and 7  ppm, r e s p e c t i v e l y  ( f i g .  B-2).  

The r a t i o  U f /U t  e x h i b i t s  a  s t r o n g  lognormal d i s t r i b u t i o n .  Except ions 

a re  few and . inc lude  . samples . w i t h  low U f  con ten ts  which s i g n i f y  t h e  
I ,  

presence o f  uranium i n  m ine ra l  phases g e n e r a l l y  r e s i s t a n t  t o  t r ea tmen t  

by a  m i x t u r e  o f  h o t  n i t r i c - h y d r o f l u o r i c  a c i d .  I n  these ins tances ,  t h e  

l ~ r a n i u m  i s  l i k e l y  p resen t  i n  smal l  amounts i n  m ine ra l s  l i k e  z i r c o n  and 
. . 

monazite,. The h i g h  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.93 f o r  U f  and U t  

a l s o  i n d i c a t e s  t h a t  t h i s  i s  t h e  r u l e  r a t h e r  than  t h e ' e x c e p t i o n .  Thus, 

s t a t i s t i c a l ,  a r e a l ,  l i t h o l o g i c ,  and geochemical assoc ia t i ons  of  U f  and U t  

c l o s e l y  p a r a l l e l  each o t h e r  ( f i g s .  8-3 and B-4) and a r e  r e a d i l y  accounted 

f o r  by t h e  presence o f  known u r a n i f e r o u s  heavy m ine ra l s  i n  which uranium 

occurs as a  minor  r a t h e r  than  a  ma jo r  component. I f  these r e f r a c t o r y  

m ine ra l s  a r e  i n t e r p r e t e d  t o  r e f l e c t  uranium m i n e r a l i z a t i o n ,  i t  i s  

m ine ra l  i z a t i o n  o f  dubious s i g n i f i c a n c e ,  s i nce  o r e  bodies t y p i c a l l y  c o n t a i n  

s o l u b l e  r a t h e r  than inso- lub le  uranium m ine ra l s .  

Vdr iab les  s t a t i s t i c a l l y  c o r r e l a t e d  w i t h  U f ,  as w e l l  as generally 

w i t h  U t  , i n c l u d e  boron, calcium', scandium, n i c k e l  , copper, 1  i th ium,  

z i n c ,  y t t r i u n l ,  thor ium,  cer ium, a1 uminum, sodium, b e r y l  1 ium, and 

s t ron t iu r r l  ( t a b l e  B-11). Except f o r  a  U f  and Ut  c o r r e l a t i o n  o f  0.93, 
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a l l  o t h e r  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  equal t o  o r  l e s s  than  0.33. 

T o t a l  .gamma.count c o r r e l a t e s  w i t h  a  number o f  v a r i a b l e s  i n c l u d i n g  

U f  and Ut ,  b u t  none i s  cons idered s i g n i f i c a n t  because o f  t h e  smal l  

number o f  r a d i a t i o n  measurements (37)  r e 1  a ted  t o  steam sedinlent 

samples. 
, . .  . 
, . . . . . 

c l u s t e r '  a n a l y s i s  o f  t he  c o r r e l a t i o n  m a t r i x  . r e s u l t s  i n  a  more 

complex dendrogram f o r '  stream sediment samples than f o r  wa te r  sampl es . 

Nonetheless , t h e  v a r i  ouz groups o f  c o r r e l  a ted  v a r i a b l e s  a re  r e a d i  l y  

exp la i ned  by common m ine ra l  og i  c  , 1  i tho1 o g i  c  , and/or  geochemi c a l  

a s s o c i a t i o n s ,  none o f  which appear t o  r e l a t e  t o  uranium m i n e r a l i z a t i o n .  

A l l  groups o f  c o r r e l a t e d  v a r i a b l e s  r e f l e c t  common rock - f o rm i  ng o r  

accessory m ine ra l  assemblages. The s t r o n g  l i t h o l o g i c  c o r r e l a t i o n s  

e x h i b i t e d  by many v a r i a b l e s  mere ly  v e r i f i e s  t h e  p r i n c i p a l  sources and 

res idences as determined independent l y  by a n a l y s i s  o f  rock  samples. 

The s t ream sediment anomalies f o r  uranium a r e  . i n t e r p r e t e d  t o  

r e l a t e  t o  concen t ra t i ons  o f  heavy m ine ra l s  i n  which uranium s u b s t i t u t e d  

f o r  geochemica l ly  s i m i l a r  elements such as thor ium,  z i rcon ium,  y t t r i u m ,  

c e r i  um, and .so f o r t h .  The most 1  i k e l y  u r a n i  fe rous  phases i n c l u d e  monazi te , 

a l l a n i t e ,  samarsk i te ,  z i r c o n ,  and p o s s i b l y  u x a n o t h o r i t e ( ? ) ,  a l l  o f  

which have been r e p o r t e d  t o  occur  here  (Compton, 1975; Todd, 1973; 

Anderson; 1931 ; B i l l    alla ant, o r a l  communicaion, 11/13/79).  Other  

u r a n i f e r o u s  phases may be p resen t  b u t  have n o t  been i d e n t i f i e d  and 

repo r ted .  These u r a n i f e r o u s  m ine ra l s  occur  ma in l y  as sparse 
. . 

d i ssemina t ions  i n  Precambrian W and X ( ? )  rocks  and i n  l o c a l  magmatic 

and metamorphi c  segrega t ions  i n  T e r t i a r y  p l u t o n s  and Precambrian X ( ? )  

s c h i s t s ,  r e s p e c t i v e l y .  Mechanical and chemical weather ing,  e ros ion ,  

. . aP 

M IS1 l J I  HEHOIJHCE CONSULTANTS 



and subsequent d e p o s i t i o n  o f  t h e  d e t r i t u s  o f  these spa rse l y  u r a n i f e r o u s  

rocks  r e s u l t  i n  t h e  f o rma t i on  o f  heavy m ine ra l  concen t ra t ions  i n  t h e  

p resen t  dra inage system. Th i s  i n t e r p r e t a t i o n  de r i ves  suppor t  f r om 

t h e  s t r o n g  s t a t i s t i c a l ,  a r e a l ,  geochemical, and 1  i t h o l o g i c  c o r r e l a t i o n s  

p r e v i o u s l y  descr ibed  f o r  U f  and Ut ,  t h e  co inc idence  o f  weak hydrogeo- 

chemical  anomalies which a r i s e  f rom so lu t . i on  o f  these s p a r i n g l y  

s o l u b l e  u ran i f e rous  phases, t h e  g e n e r a l l y  low magnitude o f  most o f  

t h e  s t ream sediment anomalies and t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  b u t  

general  l y  low c o r r e l a t i o n  c o e f f i c i e n t s  f o r  U f  and o t h e r  v a r i a b l e s  o r  

groups o f  c o r r e l a t e d  v a r i a b l e s  whose occurrence and. d i s t r i b u t i o n  a r e  

r e a d i l y  accounted f o r  i n  common geochemical, m ine ra log i c ,  and 

1  i t h o l o g i c  assoc ia t i ons .  

Some st ream sediment anomalies, i n  p a r t i c u l a r  those  assoc ia ted  

e x c l u s i v e l y  w i t h  Archean a d a m e l l i t e  gneiss i n  t h e  c e n t r a l  Grouse Creek 

Mountains , may r e f l e c t  uranium m ine ra l  i z a t i o n  o f  dubious impor tance 

e i t h e r  i n  ve ins o r  as a  d i ssem ina t i on  i n  t h e  sodium rnetasomatized 

gneiss.  Th i s  p o s s i b i l i t y  can n ~ i t . h e r  be proved n o r  r e f u t e d  w i t h  

e x i s t i n g  data,  b u t  i t  i s  suppor ted by t he  co inc idence  o f  hydrogeochemical, 

s t ream sediment, and a i r b o r n e  r a d i a t i o n  anomalies and sodium metasomatism 

o f  t h e  Archean a d a m e l l i t e  gneiss.  Thus, as a  p recau t i ona ry  measure, 

f o l l ow -up  sampl ing, r a d i a t i o n  measurements, and f i e l d  observa t ions  

i n  t h e  area a re  j u s t i f i e d  and recommended t o  assess t h i s  remote p o s s i b i l i t y .  

I n  a d d i t i o n ,  severa l  o t h e r  areas p robab ly  wa r ran t  f i e l d  checks, n o t a b l y  

t h e  L e f t  Hand Fork o f  Johnson Creek, t h e  Upper Narrows, t h e  Cedar H i l l s ,  

and t h e  Ashbrook and Century Hol low (Park Val l e y )  m in ing  d i s t r i c t s .  

Uranium minera l  i z i t i o n  i n  a1 1  o f  these areas i s  cons idered t o  be a  

remote p o s s i b i l i t y .  
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Rock Samples 

A t o t a l  o f  264 r o c k  samples were c o l l e c t e d  f rom the  s tudy  area.  

sampl i n g  s i t e s  and anomalous samples a r e  shown on p l a t e  4, which i s  a t  
. . 

...$ .. . . t h e  same s c a l e  ( 1  :125,000) .as t h e  o t h e r  maps ( p l a t e s  1 - 3 ) .  Areas on 

p l a t e  4  f o r  wh ich  sample coverage i s  sparse o r  e n t i r e l y  l a c k i n g  a r e  

e i t h e r  u n d e r l d i r l  by rocks hav inq  no p o t e n t i a l  f o r  t h e  t y p c  o f  uran ium 

d e p o s i t s  souqht  o r  e l s e  they  cor respond t o  areas o f  p r i v a t e  l and  ownership 

and l i m i t e d  access. Sample coverage o the rw i se  i s  cons idered  adequate. 

T h i r t y - o n e  v a r i a b l e s  were measured and a re  l i s t e d  i n  t h e  summary 

s t a t i s t i c s  i n  t a b l e  C-I th rough  C-VII. The cor respond ing  da ta  a r e  

p resen ted  i n  t a b l e  C-IX. S t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s  were 

ob ta i ned  f o r  niost v a r i a b l e s  and a r e  shown i n  t a b l e  C-VIII .  The r e s u l t s  

o f  c l u s t e r  a n a l y s i s  o f  t h e  c o r r e l a t i o n  m a t r i x  f o r  r ock  v a r i a b l e s  a r e  

g r a p h i c a l l y  i l l u s t r a t e d  i n  f i q u r e  C-1 . Logprohahi1 i t y ,  l og f requency ,  

p e r c e n t i l e ,  and a r e a l  d i s t r i b u t i o n  p l o t s  o f  the more impo r tan t  v a r i a b l e s  

a re  i n c l u d e d  i n  f i g u r e s  C - 2  th rough  C-15. 

P r e l i m i n a r y  a n a l y s i s  o f  t h e  r ock  sample da ta  prompted g roup ing  o f  

c e r t a i n  s t r a t i  g raph i c  u n i t s  because o f  n e a r l y  i d e n t i c a l  composi t i o n s .  

The groups formed a r e  those  shown i n  t h e  summary s t a t i s t i c s  and p e r c e n t i l e  

p l o t s  i n  t a b l e s  C-I1 th rough  C-VIII ,  and f i g u r e  C-2 and C- 3, 

r e s p e c t i v e l y .  Grouping accounts f o r  t h e  mu1 t i p 1  i c i  t y  o f  g e o l o g i c  codes, 

an e x p l a n a t i o n  o f  -wh i ch  i s  p rov i ded  i n  t a b l e  IV. Group 1  c o n s i s t s  o f  

a  s ' i n g l e  1  i t h o s t r a t i g r a p h i c  u n i t ,  t h e  q u a r t z i  t c  o f  C la rks  Bas in .  Group 

ME1 1.1 I RESOURCE CO'NSULTANTS 



2 . i n c l u d e s  t he  Yost and Elba Q u a r t z i t e s  which a r e  p r a c t i c a l l y  i n d i s t i n g u i s -  

a b l e  chelnical l y .  The conglonierate member o f  t h e  E l  ba Q u a r t z i t e  represen ts  

Group 3. Precambrian X ( ? )  s c h i s t s ,  no tab l y  t h e  Elba, Upper Narrows, 

and Stevens Spr ing,  comprise group 4. Archean a d a m e l l i t e  and a d a m e l l i t e  

. . .  .gneiss a r e  grouped - t o g e t h e r ,  as a re  a1 1  o f  t h e  Archean s c h i s t s  , . t o  form 

t h e  l a s t  two groups'.. ' Thus, each group has c h a r a c t e r i s t i c  s t r a t i  g raph ic ,  
. . 

as we1 1  as 1  i t h o l o g i  c ,  a t t r i b u t e s  . 
Examinat ion o f  t h e  summary s t a t i s t i c s  f o r  r o c k  samples revea l s  t h a t  

al.1 o f  t he  var iab les ;  except  s i l v e r  and molybdenum, occur  i n  concen t ra t i ons  

ahove t h e  d e t e c t i o n  l i m i t  o f  t h e i r  r e s p e c t i v e  a n a l y t i c a l  method ( t a b l e  C - I ,  

appendix C and t a b l e  V I ) .  The number o f  measured boron, c o b a l t ,  and 

n i o b i  urn values i s  cons ide rab l y  l e s s  than  t h e  o, ther 26 v a r i a b l e s .  Thus, 

t h e  corresponding d a t a  f o r  these t h r e e  elements may o r  may n o t  be 

s t a t i s t i c a l l y  s i g n i f i c a n t .  C o r r e l a t i o n  and c l u s t e r  analyses o f  t h e  

v a r i a b l e s  f o r  ' rock samples y i e l d  a  c o r r e l a t i o n  m a t r i x  and dendrogram s i m i l a r  

i n  many respec ts  t o  those o f  stream sediment samples (compare t a b l e s  

B - I1  and C - V I I I  and f i g u r e s  B-1 snd C-l).. 

L o g p r o b a b i l i t y  and log f requency  p l o t s  o f  concen t ra t i ons  o f  t h e  

measured va r i ab les  f o r  rock  samples g e n e r a l l y  e x h i b i t  s t a t i s t i c a l  

d i s t r i b u t i o n s  which d e v i a t e  s i g n i f i c a n t l y  f rom l o g n o r m a l i t y .  Except ions 

a r e  few and i n c l u d e  U f ,  Uf /Ut ,  phosphorus, and thor ium.  Th i s  i s  

t h e  oppos i t e  o f  t h a t  no ted  f o r  wa te r  and stream sediment samples, where 

1  ognormal d i s t r i b u t i o n s  were t he  r u l e  r a t h e r  than  t h e  excep t ion .  Dev ia t i ons  

f r om l oqno rn~a l  i t y  f o r  variables i n  rock  samples range.  f rom weak t o  s t r ong .  

They sten1 f rom the  i n c l u s i o n  o f  a t  l e a s t  s i x  d i f f e r e n t  groups o r  
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subpopu la t ions  o f  rocks  i n t o  a  s i n g l e  p o p u l a t i o n  f o r  s t a t i s t i c a l  
. . .  . . 

. .  . c ons ide ra t i on . ,  I n s o f a r  as cou ld  be determined, none o f  t he  d e v i a t i o n s  
. . 

' . r e 1  a tes  t o  ' u ran ium m i n e r a l i z a t i o n .  ~ n a l ~ s i s  o f  a  few subpopul a t i o n s  

( i n d i v i d u a l  groups)  suggests t h a t  each possesses approx imate ly  lognormal 

d i s t r i b u t i o n s .  T h i s  i , s  a i s o  i n d i c a t e d  by t h e  cha rac te r  o f  t h e  log f requency  
. . 

p l o t s .  A few o f  these. a.re i n c l u d e d  i n  appendix C .  
. . 

Consi d e r a t t o n  o f  t h e  var ious  s t a t i s t i c a l  da ta  permi ts  r e c o g n i t i o n  

u f  25  anomalous l i rdr l ium rock  samples. Geochemical anomalies a re  

a r b i t r a r i l y  d e f i n e d  t o  be rock  samples i n  which b o t h  t h e  Uf and U t  

concen t ra t i ons  equai . o r  exceed t h e  85 th  p e r c e n t i  l e  o f  t h e i r  r e s p e c t i v e  

logprobab i  1  i ty  d i s t r i b u t i o n s .  Th i s  corresponds t o  2.88 ppm and 5.10 ppm 

f o r  U f  and Ut ,  r espec . t i ve l y ,  each o f  which i s  e q u i v a l e n t  t o  one s tandard  

d e v i a t i o n  above t h e  mean. Th is  dual  requi rement  r e s u l t s  i n  s l i g h t l y  

fewer  anomal i es ( p l  a t e  4 ) .  than a r e  i n d i c a t e d  on t h e  respec t i ' ve  geo- I' 

chemical  p l o t s  f o r  U f  and U t  ( f i g s .  C-4 and C-5, app. C). 

Urani  um 

Su111mar.y s t a t i s t i c s  f o r  a l l  r ock  samples, as w e l l  as f o r  i n d i v i d u a l  

a,-orrps o f  r ock  samples, a r e  presented i n  t a b l e s  C-I through C - V 1  I I ,  app. C.  

L o g p r o b a b i l i t y ,  l og f requency ,  and p e r c e n t i l e  p l o t s  f o r  U f  and Ut  a r e  

shown i n  f i g u r e s  C-2 and C-3, app. C .  The s t a t i s t i c a l  da ta  f o r  U f  and Ut  

i n  these t a b l e s  and f i g u r e s  i n d i c a t e d  t h a t  t he  t a r g e t  l i t h o l o g i e s  con ta in ,  

on t h e  average, o n l y  Clarke amounts o f  uranium. Precambrian X ( ? )  conglomerate 
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and s c h i s t s  and Precambrian W a d a m e l l i t e  and s c h i s t s  c o n t a i n  s l i g h t l y  

h i g h e r  amounts. than t h e  q u a r t z i t e s .  Moreover, bo th  t h e  U f  and Uf /U t  

da ta  f o r  Precambrian W and X ( ? )  s c h i s t s  i n d i c a t e  t h a t  a h i g h e r  

p r o p o r t i o n  o f  t h e  uranium i n  these rocks res ides  i n  m ine ra l s  which a r e  

n o t  p a r t i c u l a r l y  s u s c e p t i b l e  t o  l each ing  by a m i x t u r e  o f  h o t  n i t r i c -  

h y d r o f l  u o r i c  ac i d .  I n  general  , however, t h i s  i s  t he  except i .on r a t h e r  

than t he  r u l e ,  because U f  and U t  f o r  bo th  rocks  and s t ream sediments 

e x h i b i t  s t r o n g  s t a t i s t i c a l  , a r e a l ,  and geochemical c o r r e l a t i o n s .  Thus, 

uranium e x i s t s  i n  these rocks  i n  m inera l  phases t h a t  a r e  a t  l e a s t  

s p a r i n g l y  t o  moderate ly  s o l u b l e ,  as i s  evidenced by t h e  52 hydrogeochemical 

anomalies ( p l a t e  2 ) .  

1 A comparison of  e i t h e r  t h e  median s o l u b l e  uranium o r  median t o t a l  

uranium con ten t  w i t h  t h e  median t ho r i um con ten t  o f  t h e  Archean a d a m e l l i t e  

suggests t h a t  e i t h e r  some uranium has been m o b i l i z e d  o u t  o f  t h i s  r ock  

o r  e l s e  i t  was o r i g i n ' a l l y  impoverished i n  uranium ( t a b l e s  C-VI and f i g s .  

C-2 , C - 3 ,  and C-6).  The former  i n t e r p r e t a t i o n  i s  p r e f e r r e d  over  t h e  

l a t t e r  i n  l i g h t  o f  t h e  conspicuous a r e a l  correspondence observed between 

geochemical anomalies and t h e  Green Creek Complex. 

Coniparison o f  t h e  l o g p r o b a b i l i t y  p l o t s  f o r  U f  and U t  r e v e a l s  t h a t  

t h e  Ut  dev ia tes  from lognormal i t y  more than t h e  U f  ( f i g s .  C-2 and C-3, 

app. C) . Th is  p robab ly  r e f l e c t s  t h e  d i f f e r e n t  s t a t i s t i c a l  d i s t r i b u t i o n  

o f  U t  f o r  each o f  t h e  subpopulat ions o r  groups o f  rocks .  The n e a r l y  

lognornial d i s t r i b u t i o n  o f  t h e  r a t i o  U f /U t  and t h e  s t a t i s t i c a l l y  

s i g n i f i c a n t ,  h i gh ,  p o s i t i v e  c o r r e l a t i o n  c o e f f i c i e n t  o f  0.89 suggests 

U f  and U t  a re  g e n e t i c a l l y  r e l a t e d  ( t a b l e  C-8). Th i s  was a l s o  t h e  case 

w i t h  s t ream sediment samples. A d d i t i o n a l  evidence s u p p o r t i n g  t h i s  
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inferred genetic relationship i s  reflected in the i r  similar geochemi-cal 

dis t r ibut ions.  

The'areal dis t r ibut ions of Uf and U t  concentrations i n  rock samples 

are  shown .in figures C-4 and C-5, app. C ,  wherein uranium concentrations 

are  depicted graphi cal l y  by standard symbol s of the Canadi an Geological 

Survey (Arendt and others ,  1979). The dis t r ibut ion patterns of both 

variables are  nearly ident ical .  Moreover, the patterns are reminiscent 

of those f o r  water and stream sediment samples ( f i g s .  A-3, app. A; B-3,  

and B-4,  app. B ) ,  although t.hey are  not as s t r ik ing  because of fewer 

samples and, therefore,  fewer anomalies. The strong geographic 

coincidence of water, stream sediment, and rock anomalies stems from the 

proxinii ty of sampling s i t e s  and the profound influence of bedrock 

lithology on the uranium contents of the three sampling media. 

O u t  of 25 uranium anomalies in rock samples, f ive occur in the 

Grouse Creek Mouritains, one in the Dove Creek Mountains, seven in the 

Raft River Range, and'.l2 in the Albion Range (p la te  4 ) .  With respect 

to. bedrock li thology, one.each relates  to trondhjemite and t u f f ,  three 

to  sch i s t ,  four to adanlellite gneiss,  seven to  adamellite, four to  

quar tz i te ,  and f ive to  conglomerate ( tab le  IX) . Stratigraphic dis t r ibut ion 

of the anomalies paral le ls  that  noted for  waters and stream sediments 

with 10 occurring in rocks of the Green Creek Complex, 10 in Precambrian 

X ( ? )  rocks, one each in Tertiary adamelli t e  and t u f f ,  and three in the 

contact zones of 01 i gocene and Archean adamel 1 i  tes  ( tab le  IX) . 
Re1 a t i  vely speaking, a1 1 of the anomalies are low amp1 i tude, ranging 

from 2.14 ppm Uf to  a niaximum of 27 ppm U t  ( t ab le  I X ) .  The ra t io  



U f j ~ t  ranges from 0.50 t o  1.11. Values o f  U f /U t  g r e a t e r  than  u n i t y  stem 

fro111 a r l a l y t i c a l  e r r o r s ,  t h a t  i s ,  a  h i g h  U f  and a  c'orresponding low U t  

f o r  t he  sallle sample. ' I n t e rmed ia te  t o  h i g h  U f /U t  va lues c h a r a c t e r i z e  

t h e  ano~nal i e s  and n l i r r o r  t h e  s t a t i s t i c a l  d i s t r i  but i0 .n  o f  t h i s  v a r i a b l e  

f o r  t h e  t o t a l '  sample' popu la t i on .  Th i s  i n d i c a t e s  t h a t  t h e  u r a n i  um 

res ides  i n  s p a r i n g l y  t o  moderate ly  s o l u b l e  m ine ra l s .  Th i s  was a l s o  

t h e  case f o r  stream. sediment anomal i e s  . Both observa t ions  a re  compati b l  e  

w i t h  t h e  i n t e r p r e t a t i . o n  t h a t  t h e  uranium anomalies i n  bo th  sampl ing media 

r e l a t e  t o ' r e s i s t a t e  u r a n i f e r o u s  m ine ra l s  i n  which uranium occurs i n  

a s s o c i a t i o n  w i t h  , and s u b s t i t u t e s  f o r  geochemical l y  s im i  1  a r  e l  ements 1 i ke 
. . 

thor ium,  cer ium, y i t t r i u m ,  and z i rcon ium.  Th i s  i n t e r p r e t a t i o n  i s  

compati b l e  w i t h  . the  known occurrence and d i s t r i b u t i o n  o f  u r a n i  fe rous  

r e s i s t a t e  heavy m ine ra l s  i n  t h e  s tudy  area, n o t a b l y  a1 l a n i  t e ,  monazi t e ,  

z i r c o n ,  samarski t e ,  and p o s s i b l y  u rano tho r i  t e .  The f i r s t  t h r e e  

accessory m ine ra l s  a r e  t h e  most abundant and w i d e l y  d i s t r i b u t e d  i n  

Precambrian W and X ( ? )  rocks ,  accord ing  t o  Todd (1973) and Compton (1975) .  

Samarski te i s  known"to occur  i n  igneous and metamorphic segrega t ions  i n  

01 i gocene adamell i t e  and Archean s c h i s t ,  r e s p e c t i v e l y  ( B i  11 Gal 1  an t ,  o r a l  

communication, 11/13/79).. 

Var iab les  Re1 a ted  t o  Urani  urn 

Cal cu l  a t i o n  o f  Pearson arid Spearman c o r r e l a t i o n  c o e f f i c i e n t s  

p e r m i t t e d  de te rm ina t i on  o f  t h e  v a r i a b l e s  s  t a t i  s t i  c a l  l y  r e 1  a ted  t o  

uranium ( t a b l e  C - V I I I ,  app. C). S t a t i s t i c a l l y  s i g n i f i c a n t  and p o s i t i v e  
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c o r r e l a t i o n s  were ob ta i ned  f o r  a l l  v a r i a b l e s  except  s i l v e r ,  boron, 

molybdenum, n iob ium,  and z i  r c o n i  uni. These f i v e  v a r i a b l e s  had smal l  

sample popu la t i ons  and were excluded. f rom t h e  c o r r e l a t i o n  a n a l y s i s .  

The s t r o n g e s t  c o r r e l a t i o n s  were between Uf ,  Ut ,  tho r ium,  cer ium, 

aluminum, potassium; and y t t r i u m  ( t a b l e  C - V I I I ,  app. C). The 

o t h e r  c o r r e l a t i o n s  a r e  s i g n i f i c a n t l y  lower  and a r e  o f  dubious impor tance 

w i  t h  r espec t  t,o u r a n i  um m ine ra l  i z a t i o n .  

C l u s t e r  a n a l y s i s  o f  t he  c o r r e l a t i o n  m a t r i x  r e s u l t e d  i n  groupings 

o f  t h e  c o r r e l a t e d  v a r i a b l e s  shown i n  f i g u r e  C-1. These groups a r e  
. .. 

i s o l a t e d  by a  b l a c k  l i n e  on t he  c o r r e l a t i o n  m a t r i x  i n  t a b l e  C - V I I I ,  

app. C .  .C lus te r . and  c o r r e l a t i o n  analyses p e r m i t  r e c o g n i t i o n  and 

i n t e r p r e t a t i o n  o f  t h e  r e l a t i o n s h i p s  between v a r i a b l e s  o r  groups o f  

v a r i a b l e s .  The comp lex i t y  o f  t he  c o r r e l a t i o n  m a t r i x  and dendrogram 

f o r  rock  samples i s  q u i t e  s i m i l a r  t o  t h a t  o f  s t ream sediment samples 

( t a b l e  B - I1  and f i g .  B -1 ,  app. B ) .  S t r i k i n g  p a r a l l e l s  e x i s t  between 

a number o f  t h e  v a r i a b l e s  f o r  bo th  s t ream sediment and rock  sampl ing 

luedia. Th i s  i s  a  l o g i c a l  r e s u l t  o f  t h e  weather ing  o f  sediments.  

A l l  o f  t h e  s t a t i s t i c a l ,  a r e a l ,  and geochen~ical  c o r r e l a t i o n s  deduced 

f r om s tudy  o f  t h e  rock  sample da ta  a r e  i n t e r p r e t e d  t o  . s i g n i f y  common 

rn inera log ic  and/or  1  i t h o l o g i c  , assoc ia t i ons  r e s u l t i n g  f rom a  v a r i e t y  

of  igneous, sedimentary ,  and/or metamorphic processes. None appears 

t o  r e l a t e  t o  i n l po r t an t  uranium m i n e r a l i z a t i o n ,  a1 though t h i s  p o s s i b i l i t y  

i s  n o t  p rec luded  by' t h e  data.  

Thor ium and cer ium a r e  h i g h l y  c o r r e l a t e d  w i t h  each o t h e r  as w e l l  

as w i t h  U f  and U t  ( t a b l e  C - V I I I ,  app. C ) .  The a rea l  d i s t r i b u t i o n s  of 



bo th  elements a r e  q u i t e  s i m i l a r  and bo th  e x h i b i t  s t r i k i n g  p a r a l l e l s  t o  

t h a t  o f  Uf and Ut .  Only t h e  s t a t i s t i c a l  and a rea l  d a t a - f o r  t ho r i um a re  

incl 'uded i n  appendix C ( f i g s .  C-6 and C-7). The s t a t i s t i c a l  and a r e a l  

c o r r e l a t i o n s  o f  t ho r i um and cer ium a r e  i n t e r p r e t e d  t o  r e f l e c t  ma in l y  

' 

t h e  occurrence ' a n d ' d i s t r i b u t i o n  o f  a  r e s i s t a t e  u r a n i f e r o u s  heavy m ine ra l  

namely, monazi te. .  Th i s  i n t e r p r e t a t i o n  l i k e w i s e  accounts f o r  t h e  

s t a t i s t i c a l  and a rea l  c o r r e l a t i o n s  observed between these two v a r i a b l e s  

and uranium..  A d d i t i o n a l  evidence i n  suppor t  o f  t h i s ' i n t e r p r e t a t i o n  

der i ves  f rom t h e  h i g h  c o r r e l a t i o n s ,  between phosphorus, y t t r i u m ,  uranium, 

thor ium,  and cer ium ( t a b l e  C - V I I I ) .  
I 

C l  u s t e r  a n a l y s i s  o f  ca l c i um and sodium l a r g e l y  r e y l e c t s  t h e i r  

s i m i l a r  geochemistry.  ' I n  t h e  R a f t  R i v e r  area t h i s  c o r r e l a t i o n  de r i ves  
. . 

f rom, o r  a t  l e a s t  i s  accentuated by, sodium metasomatism o f  ' t h e  Archean 

adamel 1  i t e  gneiss wherever i t i s  i n t r u d e d  by 01 i gocene adamel 1  i t e .  

Th is  occurs i n  ' the c e n t r a l  Grouse Creek Mountains', Moul ton ,  City o f  Rocks, 

and Almo, Mount Independence, and R a f t  R i v e r  mant led gneiss domes 

(p . la te  1 ) .  I n  these areas c a l c i c  o l i g o c l a s e  has been a l t e r e d  t o  sod i c  

01 i g o c l  ase and a1 b i  t e .  Th i s  i s  c l e a r l y  i n d i c a t e d  by t h e  a rea l  

d i s t r i b u t i o n s  o f  sodium and a l  un~inum i n  s t ream sediments ( f i g .  8-8),  

b u t  i t  i s  n o t  i n d i c a t e d  by any v a r i a b l e  i n  t h e  rock  samples, p robab ly  

because o f  sparse sample coverage. Sodium metasomatism may e x e r t  some 

minor  in f . luence  on t h e  d i s t r i b u t i o n  o f  t ho r i um ( f i g .  B - 7 ) ,  b u t  none i s  

ev i den t  f o r  U f  o r  U t  ( f i g s .  8-3, 8-4, C-4, C-5). Thus, t h e  s t a t i s t i c a l ,  

a r e a l ,  and geochemical c o r r e l a t i o n s  o f  ca l c i um and sodium m i r r o r  m ine ra log i c ,  

1  i t h o l o g i c ,  and metasomatic assoc ia t i ons .  The l a r g e s t  r e s e r v o i r  

o f  these m ine ra l s  i s  a d a m e l l i t e  and s c h i s t .  C o r r e l a t i o n s  between 

calc ium, sodium, and, uranium, t h e r e f o r e , a r e  understandable s i n c e  t h e  
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adamel 1  i t e  'and  s c h i s t s  a re  a l s o  major  sourdes o f  uranium, thor ium,  

cer ium,  yl:tr iun,,, and z i r c o n i u n ~ .  Adamel 1  i t e  i s  a l s o  an impor tan t  
. . 

source of  a1 1  an i  t e ,  z.i r con  ,- and 111onazi t e  , i n  which (71 1 o f  these e l  e111er1.t~ 

occu r  as ln inor  o r  tnajor components (Todd, 1973).  

Aluminum, potassium, bar ium, and s t r o n t i u m  fo rm a  group o f  h i g h l y  

c o r r e l a t e d  v a r i a b l e s  ( t a b l e  C - V I I I  and f i g .  C-1). The a rea l  d i s t r i b u t i o n  

o f  these elenlents i s  s i m i l a r .  Th is  qroup i s  i n t e r p r e t e d  t o  r e f l e c t  

t h e  occurrence and d i s t r i b u t i o n  o f  potash f e l dspa r ,  and t o  a  l e s s e r  e x t e n t ,  

muscov i te  and b i o t i t e ,  a l l  o f  which a r e  abundant and w i d e l y  d i s t r i b u t e d  

i n  Precambrian W and X ( ? )  1  i t h o l o g i e s .  C o r r e l a t i o n  between uranium 

and these v a r i a b l e s  r e l a t e s  t o  t h e  common a s s o c i a t i o n  and s i m i l a r  d i s t r i b u -  

t i o n  o f  e s s e n t i a l  and accessory m ine ra l s .  The l a r g e s t  r e s e r v o i r  o f  these 

m ine ra l s  i s  Precambrian W and X ( ? )  rocks,  s p e c i f i c a l l y  adamel 1  i t e ,  adamell i t e  

gne iss ,  . t rondh jen i i  t e ,  pegmat i te ,  and s c h i s t .  

Phosphorus and y t t r i u m  a re  h i g h l y  c o r r e l a t e d  and grouped t o g e t h e r  

i n  t h e  c l u s t e r  a n a l y s i s  ( f i g .  C-1). The most p l a u s i b l e  exp lana t i on  f o r  

t h i s  r e l a t i o n s h i p  i s  t h e  common occurrence and s i m i l a r  d i s t r i b u t i o n  o f  

monazi t e  and a p a t i t e .  Bo th  m ine ra l s  a r e  p resen t  and w i d e l y  d i s t r i b u t e d  

i n  sparse amounts i n  adame l l i t e ,  a d a m e l l i t e  gne iss ,  and q u a r t z i t e s .  

They a r e  p robab ly  a l s o  p resen t  i n  t h e  s c h i s t ,  t r ondh jem i te ,  and 

pegmat i te  which have rece i ved  l e s s  pe t rog raph i c  s tudy .  A p a t i t e  a l s o  

occurs i n  some Pa leozo ic  carbonates (Compton and o the rs ,  1977). An 

exp l -ana t ion  of  t h e  c o r r e l a t i o n  between uranium and these t h o  v a r i a b l e s  

has a l r eady  been p rov ided  i n  t he  d i scuss ion  o f  t ho r i um and cer ium. 



L i t h i um,  z i n c ,  and manganese a r e  h i g h l y  c o r r e l a t e d  ( f i g .  C-1). Th is  

group o f  t h r e e  v a r i a b l e s  m i r r o r s  a  1  i t h o l o g i c  a s s o c i a t i o n  i n  Precambrian 

W and X ( ? )  s c h i s t s ,  which comprise t h e  main source o f  these elements.  

Lesser  b u t  impo r tan t  amounts o f  these elements a l s o  r e s i d e  i n  a d a m e l l i t e .  

I n te rmed ia te  c o r r e l a t i o n  c o e f f i c i e n t s  between uranium and these t h r e e  

elements a r e  o f  dubious s i g n i f i c a n c e  b u t  appa ren t l y  bear  no r e l a t i o n s h i p  

t o  uranium minera l  i z a t i o n .  However, t h e  c o r r e l a t i o n s  may r e f l e c t  o r i g i n a l  

syngenet ic  accumulat ion o f  these meta ls  i n  mar ine muds. 

The n e x t  group o f  h i g h l y  c o r r e l a t e d  v a r i a b l e s  i n c l  udes i r o n  , t i t a n i u m ,  

scandium, vanadium, and magnesium. I n  t h e  absence o f  abundant and widespread 

ma f i c  rocks,  t h i s  group i s  i n t e r p r e t e d  t o  s i g n i f y  s i m i l a r  geochemical 

and m ine ra log i c  assoc ia t i ons .  I nc l uded  here  i s  rnagneti t e ,  i l m e n i  t e ,  r u t i l e ,  

sphene, and, t o  a  l e s s e r  e x t e n t ,  p robab ly  ep ido te  and amphibole. C o l l e c t i v e l y ,  

these m ine ra l s  c o n t a i n  t he  elements o f  t h i s  group and e x h i b i t  s i m i l a r  

occurrences and widespread d i s t r i b u t i o n  i n  t h e  t a r g e t  l i t h o l o g i e s .  A l l  

a re  r e p o r t e d  t o  occur  i n  var ious  Precambrian W and X ( ? )  l i t h o l o g i e s  

(Todd, 1973; Compton, 1972, 1975; Compton and o t h e r s ,  1977; and M i l l e r ,  1978).  

No s p e c i a l  s i g n i f i c a n c e  i s  a t tached  t o  t he  c o r r e l a t i o n s  between uranium and 

t h e  elements o f  t h i s  group. They may r e f l e c t  t h e  s i m i l a r  occurrence and 

d i s t r i b u t i o n  o f  accessory m ine ra l s  c o n t a i n i n g  these  elements.  M a f i c  s c h i s t s  

and adaniell i t e  comprise t h e  1  a rges t  r e s e r v o i  r o f  i r o n  , t i  t a n i  urn, scandium, 

vanadi um, and magnesium. It i s  t h e r e f o r e  understandable why some, a1 b e i  t low, 

c o r r e l a t i o n  e x i s t s  between uranium and t h e  elements o f  t h i s  group. 

Chromium, n i c k e l ,  and copper form a  group o f  t h r e e  r e l a t e d  v a r i a b l e s .  
. .'+,! 

A l l  ' three e x h i , b i t  s i m i l a r  a rea l  d i s t r i b u t i o n s .  S ince  j u s t  a  few samples 

o f  Archean amph ibo l i t e  were analyzed, t h i s  group r e f l e c t s  a  l i t h o l o g i c  
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.. . 

a s s o c i a t i o n ,  n o t d b l y  n ~ a f i c  s c h i s t s  which occur  i n  ~ r e c a m b r i a n  W and X ( ? )  

u n i t s  ( ~ o r n ~ t o n ,  -1972, 1975) .  The low b u t  s t a t i s t i c a l l y  s i g n i f i c a n t  and 

pos i ti ve c o r r e l  a t  i o n  between uranium and these  t h r e e  v a r i a b l e s  mi r r o r s  t h e  
- 

p a u c i t y  o f  uranium i n  ma f i c  1  i t h o l o g i e s .  

Inasmuch as t h e  most . r e l i a b l e  r a d i o m e t r i c  da ta  were ob ta ined  i n  connec t ion  
. . .  

w i t h  rock  sampl ing,  a  few, comments concern ing e q u i v a l e n t  potassium, uranium, 

. . and t h o r i u m  (KUT) a r e  app rop r i a te  a t  t h i s  p o i n t .  The s u b j e c t  o f  

r a d i o a c t i v i t y  was d iscussed i n  an e a r l i e r  s e c t i o n  o f  t h i s  r e p o r t  and 

w i l l  n o t  be addressed here.  S t a t i s t i c a l  da ta  f o r  r a d i o m e t r i c a l l y  e q u i v a l e n t  

uranium, thor ium,  and potass ium con ten ts  a r e  shown i n  f i g u r e s  C-8, C-9, and 

C-10, r e s p e c t i v e l y .  Comparison o f  t h e  r a d i o m e t r i c a l l y  e q u i v a l e n t  and 

cor respond ing  chemical  da ta  f o r  each of t h e  t h r e e  v a r i a b l e s  revea l s  marked 

s , i m i l a r i t i e s  w i t h  r espec t  t o  t h e i r  s t a t i s t i c a l  d i s t r i b u t i o n s  and concen t ra t i on  

ranges. Th i s  emphasizes t h e  u t i l i t y  and e f fec t i veness  o f  a  spect.rometer t o  

d i f f e r e n t i a t e  between and measure t h e  concen t ra t i ons  of  t h e  va r i ous  r a d i o -  

e.l'ements d u r i n g  f i e l d  .reconnaissance. 

Summary o f  Rock Data 

Ana l ys i s  o f  264 r o c k  samples, c o l l e c t e d  mos t l y  fro111 t a r g e t  u n i t s  i n  

t h e  R a f t  R i v e r  area, r e s u l t e d  i n  r e c o g n i t i o n  o f  25 uranium anomalies o f  

Uf and U t  ( f i g s .  C-4, C-5, and p l a t e  4 ) .  L i k e  hydrogeochemical and stream 

sediment anomal ies,  t h e .  uranium anomal i e s  i n  rocks  e x h i b i t  a  s t r o n g  

l i t h o l o g i c  and s t r a t i g r a p h i c  p re fe rence .  A l so  notewor thy i s  t h e  near  c o i n -  

c idence of  uran ium anomal i es i n  wate r ,  st'ream sediment,  and rock  samples. 

Th i s  stems f rom t h e  p rox . im i ty  o f  sampl ing s i t e s  as we1 1  as t h e  pronounced 

i n f l u e n c e  o f  l i t h o s t i - a t ' i g r a p h i c  u n i t s  on t h e  uranium con ten ts  o f  a l l  t h r e e  

sampl ing media. 
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I n  general ,  the  uranium anomalies i n  rocks are  o f  low magnitude, 

rang ing  from the  a r b i t r a r y  lower l i m i t  o f  t he  .85th p e r c e n t i l e  o f  t he  U f  

and Ut  c o n ' c e n t r a t i o n ' d i s t r i b u t i o n s  up t o  a maximum o f  2 7  ppm Ut  ( t a b l e  I X ) .  

O f .  t he  25 u ran i  um anomal i es , o n l y  t h ree  e x h i b i t  U f  and ~t values g rea te r  

than 10 ppm. F o r  t h e  most p a r t ,  anornal i e s  are associated w i t h  t h e  more 

r a d i o a c t i v e  and u r a n i  ferous 1 i t h o s t r a t i  graphi c u n i t s .  As compared t o  

rocks i n  general ,  however, t a r g e t  l i t h o l o g i e s  i n  t he  R a f t  R i ve r  area are  

no t  abnormally r a d i o a c t i v e  no r  unusua l l y  u ran i f e rous ,  con ta in ing ,  on the  

average, o n l y  c l a r k e  amounts o f  uranium ( t a b l e s  C - I  through C~III, app C). 

Rad iome t r i ca l l y  equ i va len t  uranium, thor ium, and potassium contents measured 

i n  t he  f i e l d  w i t h  a four-channel spectrometer (GAD-6) a re  q u i t e .  comparable 

t o  t h e i r  corresponding chemical ly  determined contents ( f i g s  . C-8 through 

C-10 and C-12 through C-14). 

C o r r e l a t i o n  and c l u s t e r  analyses o f  measured va r i ab les  i n  rocks y i e l d  a 

complex c o r r e l a t i o n  m a t r i x  and dendrogram s i m i l a r  i n  many respects 

t o  th.ose ob ta ined f o r  stream sediments. Most va r i ab les  c o r r e l a t e  w i t h  

ur'ariium, b u t  o n l y  Ut, thor ium, cerium, alumin~lm, potassium, and y t t r i u m  

e x h i b i t  s t rong  c o r r e l a t i o n s  ( g r e a t e r  than 0.59; t a b l e  C-VIII) . O f  these, 

Uf was by f a r  t he  h ighes t  (0.89).  Th is  r e l a t i o n s h i p  a l s o  p r e v a i l s  i n  t h e  

case o f  stream sediments. High Uf  contents suggest uranium res ides  i n  

s p a r i n g l y  t o  moderately s o l u b l e  minera ls  . W i  - i h i  n t he  s tudy area, a1 1 an i  t e ,  

monazite, z i r con ,  samarski t e ,  and p o s s i b l y  u rano tho r i  t e  have been i d e n t i f i e d  

and repo r ted  i n  Precambrian W and X ( ? )  rocks (Todd, 1973; Compton, 1975, 

B i l l  Ga l l an t ,  o r a l  communication, 11/13/79). . . 
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A1 1  0.f t h e  s t a t i s t i c a l . ,  a r e a l  , and geochemical c o r r e l a t i o n s  

deduced f rom a  s tudy  o f  t he  rock  sample da ta  a r e  i n t e r p r e t e d  t o  s i g n i f y  

common m ine ra log i  c  and/or  1  i t h o l o g i c  assoc ia t io r i s  rSesul  t i n g  f rom a  

v a r i e t y  o f  igneous ; sedimentary,  and/or metamorphic processes. None 

appears.. r e l a t e d  t o  . s i g n i f i c a n t  uranium m i n e r a l i z a t i o n ,  a1 though t h i s  

p o s s i b i l i t y  i s  n o t  p rec luded  by t h e  data.  C o l l e c t i v e l y ,  t h e  geochemical 

data. a r e  compat ib le  w i t h  . t h e  i n t e r p r e t a t i o n  t h a t  t h e  uranium anomal i e s  

r e l a t e  t o  u r a n i f e r o u s  r e s i s t a t e  heavy m ine ra l s  which a r e  d isseminated i n  

va r i ous  rocks  as o r i g ' i n a l  magmatic, d e t r i  ta ' l  , o r  metamorphical l y  

segregated components. ' The magni tude o f  t he  anomal i es , as we1 1  as t h e  

r e l a t i o n s h i p s  between U f  and U t  and geochemica l ly  r e l a t e d  v a r i a b l e s ,  

i s  compat ib le  w i t h  t he  res idence  o f  uranium i n  r e s i s t a t e  heavy m ine ra l s ,  

where i t occurs i ri a s s o c i a t i o n  w i t h  and s u b s t i t u t e s  f o r  geochemical l y  

s i m i l a r  elements 1  i ke thor ium,  cer ium, y t t r i u m ,  and z i rcon ium.  The 

known u r a n i  fe rous  r e s i s  t a t e  heavy m ine ra l s  , n o t a b l y  a l ' l  an i  t e ,  monazi te , 

z i r c o n ,  and sarnarski t e ,  amply s a t i s f y  t h i s  requi remel i t .  W t ~ i  l e  t h e  

p o s s i b i  1  i t y  o f  uranium m i n e r a l 7 z a t i o n  i n  c e r t a i n  areas can n e i t h e r  be 

s u b s t a n t i a t e d  n o r  r e f u t e d  w i t h  e x i s t i n g  da ta ;  i t  i s  b e l i e v e d  t o  be o n l y  

a  remote p o s s i b i l i t y .  



URANIUM POTENTIAL OF TARGET LITHOLOGIES 

I n t r o d u c t i o n  

Uranium depos i ts  i n  quar tz-pebble conglomerates o f  1  a t e  Archean 

and e a r l y  P ro te rozo i c  age account f o r  17 p e r c e n t ' o f  non-communist w o r l d  
8 

uran i  um reserves ava i  1  ab le  a t  $30 pe r  pound o r  1  ess (Chenoweth , 1977). 

Important  deposi ts  occur  i n  t he  Witwatersrand area, South A f r i c a ,  and i n  

the  E.11 i o t  Lake-Bl i n d  R ive r  reg ion ,  Ontar io ,  a1 though they  are  known 

a t  a  number o f  o t h e r  l o c a l i t i e s  as we1 1  ( f i g .  1  ) .  Uranium depos i ts  i n  

these rocks represent  1  arge, i n te rmed ia te  grade, 1  ow-cos t reserves which 

are  amenable t o  l a rge -sca le  underground min ing  opera t ions .  Accord ing ly ,  

they have been the  o b j e c t  . . o f  i n t e n s i v e  e x p l o r a t i o n  e f f o r t s  as w e l l  as t h e  

sub jec t  o f  numerous p u b l i c a t i o n s .  

Houston and Kar ls t rom (1950) r e c e n t l y  conducted an in -depth  rev iew 

o f  t h e  l i t e r a t u r e  p e r t a i n i n g  t o  P ro te rozo i c  quar tz-pebble conglomerate 

uranium depos i ts  and discussed i n  some d e t a i l  t h e i r  var ious  a t t r i b u t e s .  

Tablc V I  I summarizes the  v a r i o t ~ s  rctcoqni t i o n - f a v o r a b i  1  i t y  c r i t e r i a  o f  

these depos i ts .  Th i r t een  major  v a r i a b l e s  are shown. I n  general  , t a r g e t  

l i t h o s t r a t i g r a p h i c  u n i t s  i n  t h e  R a f t  R i v e r  area possess a t t r i b u t e s  which 

compare favorab ly  w i t h  10 o f  13 parameters l i s t e d .  Wi th respec t  t o  c e r t a i n  

ke,y va r i ab les  o r  a t t r i b u t e s  o f  t he  e x p l o r a t i o n  model, however, t h e  t a r g e t  

u n i t s  are. e i t h e r  l a c k i n g  o r  r e c o g n i t i o n  i s  prec luded by t h e  e f f e c t s  of 

deformat ion and reg iona l  metamorphi sw. 

A v a i l a b l e  da ta  suggest t h a t  t he  p o s s i b i l i t y  o f  impor tan t  uranium 

m i n e r a l i z a t i o n  i s  h i g h l y  u n l i k e l y  i n  any o f  t he  u n i t s  s tud ied .  L a t e r a l  
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T e c t a n i c  S e t t r n g :  

Source  Rock 
and Age: 

Cl imate :  

Ueachering: 

Ataosphare:  

Hoat Rock Age: 

L i tho logy :  

D e p o s i t i o n a l  
Environment: 

Sedimentary  
S t r u c t u r e s :  

Geometry: 

S t r a t i g r a p h y :  ' 

Mineralogy: 

On o r  p e r i p h e r a l  t o  Archean s h i e l d ,  c r a t o n ,  o r  ad jo in ing  miogeosyncline.  

hrchean g r a l t i c  t e r r a i n s  wl th  anomalous K ,  U, and Th c o n t e n t s ,  and Archean . 
Greenstone b e l t s  ( p y r i t e  6 g o l d ) .  

P r i g i d  ( 7 c o l d ,  temperate .  

Dominantly mechanical.  

Non-oxidizing wi th  r e s p e c t  t o  u r a n i n i t e  and p y r i t e  (pre-,2000-2200 M . , Y . ) .  

La t e  Archean t o  e a r l y  P r o t e r o z o i c  (2800-2000 M . Y . )  most f avorab le ;  Maximum age 
r e l a t e d  t o  c r u s t a l  e v o l u t i o n ;  minimum age r e l a t e d  t o  atrcospheric e v o l u t i o n ,  

O l i g o m i c t i c ,  = y r i z i c ,  qua r t z -pebb le  conglomerates and. i r t e r b e d d e d  a r k o s i c  t o  
q u a r t z o s e  sanbstone:  c l a s t s  composed of  q u a r t z ,  c h e r t ,  c u a r t z i t e ,  g r a n i t e , '  and 
s c h i s t ,  ma t r ix  i s  pebble  suppor t ed  and.composed of  s e r i c i t e ,  p y r i t e ,  
s t a b l e  heavy minera l  o x i d e s ;  pebb les  comprise up t o  8OX.of rock mass; Drab 
c o l o r s  dominant-gray, g r e e n ,  w h i t e ,  b u f f ,  o r  p i r . k , (due  t o  f e l d s p a r ) .  

Mainly b r a i d e d  s t r eam,  f l u v i a l - l a c u s t r i n e ,  marg i r a l  mar ine ,  and p o s s i b l y  sandhur 
( g l a c i a ?  outwash p l a i n  1. 

Fin ing  upward sequences ,  r i p p l e  marks,  t rough cross-bedding,  pebble  imbr icac ion :  
s e d r a e n t a r y  c y c l e s ;  unconformity-regional  o r  l o c a l ;  submature t o  mature t e x t u r e s  
( s o r t i n g ,  rounding,  m a t r i x ) ; .  and immature t o  mature composition. 

S t r a t i f o m ,  l e n t i c u l a r :  commonly coa le sced  o r  s t acked  (3-100 f e e t )  a r e a l l y  
e x t e n s i v e  s h e e t s  ( u p  t o  10,000 f e e t ) .  

Commonly o v e r l i e  o r  occur  s h o r t  d i s t a n c e  kbove profound .~nconfo rmi ty ;  u s u a l l y  
f o u n d b e l o w  banded i r o n  format ions:  comm~nly a s s o c i a t e d  v i z h  paraconglomerates ,  
q u a r t z i t e s ,  p h y l l i t e s ,  s l a t e s ,  s t r o m a t o l i t i c  l imes tones ,  and p i l l o w  b a s a l t 3  of 
sha l low wa te r  marine o r  c o n t i n e n t a l  environments;  c y c l i c  s t r a t i g r a p h y  and 
l i t h o l o g i e s  common. 1 '  

Uranium (C.03-0.15% U308) a3 u r a n i n i t e ,  b r a n n e r i t s ,  u r a n o t h o r i t e ,  and c o f f i n i c e ;  
p y r i t e  ( 5 - 2 5 s )  p r i n c i p a l  heavy mine ra l  and s u l f i d e ;  wide v a r i e t y  o f  a s s o c i a t e d  
heavy mine ra l  ox ldes  and s i l i c a t e s ,  a l though magnat i te  conspicuously  absen t  
( 7 ) :  t h o r i u  a s  monazi te ,  u r a n o t h o r i t e ,  t h o r i t e ,  and zenotime; t h u c h o l i t e  a s  
t h i n  seams, mats ,  p a r t i n g s ,  and beads.  

Host a r e  g r e e n s c h i s t  f a c i e s ;  some amphibol i te  f a c i e s  known; h i g h e r  g rades  
p robab ly  favor '  m o b i l i z a t i o n  o f  uranium. 

T a b l e  V I I  

RECOGNITION/FAVORABILITY C R I T E R I A  FOR PROTEROZOIC OUARTZ - PEBBLE CIONGLOMERATE URANIUM DEPOSITS 

(from Jones (1978) and Hous'ton (1979) )  



equ i va len t s  o f  some o f ' t h e s e  u n i t s ,  which a r e  u n a f f e c t e d  by severe metarnorphic 

deformation, may possess some p o t e n t i a l  t o  h o s t  these types o f  uranium 

depos i ts  . Some .recogni ti on-favorabi 1  i ty  c r i t e r i a  a r e  d iscussed i n more 

d e t a i l  i n  t he  f o l l o w i n g  s e c t i o n .  

Recogni t i on -Favorab i  1  i ty  C r i t e r i a  

The R a f t  R i v e r  area comprises t h e  westernmost exposures of  t h e  

Wyoming Precambrian Prov ince ( f i g .  4 ) .  The l a t t e r  area i s  a  geochrono log ic  

p rov ince  d e f i n e d  by rocks dated a t  more than 2.5 b .y .  o l d  and possess ing 

l i t h o l o g i c  and o t h e r  a t t r i b u t e s  which compare f a v o r a b l y  w i t h  those  i n  

t h e  n o t  f a r  d i s t a n t  Slave and Supe r i o r  Prov inces o f  Canada (Houston 

and Kar ls t rom,  1980).  The t e c t o n i c  s e t t i n g  o f  t h e  s tudy  area, t he re fo re ,  

co inc ides  w i t h  t h e  pe r ime te r  o f  an Archean s h i e l d  o r  c ra ton .  Obvious ly ,  

t h i s  may i n d i c a t e ,  b u t  i s  n o t  p r o o f  o f ,  uranium m i n e r a l i z a t i o n  acco rd ing  

, t o .  t h e  model ( t a b l e  V I I ) .  

The Precambrian X ( ? )  t a r g e t  u n i t s ,  n o t a b l y  t h e  Elba and Yost 

Q u a r t z i t e ,  were d e r i v e d  f rom an Archean t e r r a n e  s i m i l a r  i n  most respec ts  

t o  t h a t  compr is ing  t h e  Green Creek Complex. T h e i r  m i n e r a l o g i c  and 

1  i t h o l o g i c  a t t r i b u t e s  r e f l e c t  t h e  d e v i a t i o n  from igneous and/or  

metamorphic c r y s t a l l i n e  rocks .  The q u a r t z - r i c h  c h a r a c t e r  of t h e  

Precambrian X ( ? )  succession, as w e l l  as t h e  u b i q u i t o u s  q u a r t z i t e  pebbles 

and cobbles i n  t h e  conglomerate member o f  t h e  Elba Q u a r t z i t e ,  i n d i c a t e  

t h a t  t h e i r  o r i g i n  i nc l uded  sedimentary rocks .  Moreover, t h e  E l  ba 
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Q u a r t z i t e  unconformably o v e r l i e s  t h e  basement complex th roughout  

t h e  s tudy  area ( p l a t e  1  ) . Amphi b o l  i t e s  , which rep resen t  metamorphosed 

d i kes ,  s i  11s , and f lows o'f r r ~ a f i c  composi t ion,  and pegmat i te ,  t rondh jemi  t e ,  

a d a m e l l i t e ,  s c h i s t ,  and . q u a r t z i t e  a r e  a l l  common l i t h o l ' o g i e s  i n  t h e  

Green Creek Complex. A d a m e l l i t e  i s  t h e  most abundant and widespread 

rock .  The presence and d i s t r i b u t i o n  o f  p y r i t e  and g o l d  i n  t h e  m a f i c  

r o c k s  a re  unknown because these  rocks  were n o t  s t u d i e d  ur sampled i n  

d e t a i l  as t hey  t yp . i ca l . l y  c o n s t i t u t e  poor  sources and h o s t  o f  uranium. 

Whereas t h e  provenance arid age f it t h e  model , these v a r i a b l e s  o n l y  

i n d i c a t e  p o t e n t i a l  h o s t  rocks  f o r  uranium m i n e r a l i z a t i o n .  

Less i s  known about  t h e  provenance o f  t h e  Precambrian W metasedimentary 

rocks ,  which a r e  t h e  o l d e s t  exposed rocks .  No f a v o r a b l e  h o s t  l i t h o l o g i e s  

were observed i n '  Archean rocks .  S c h i s t  i s  t h e  predominant l i t h o l o g y ,  
. . 

b u t  some f e l d s p a t h i c  and  a r k o s i c  q u a r t z i t e ,  and pebbly  and cobbly  

mudstone occu r  i n  J i m  and R i ce  Canyons i n  t h e  R a f t  R i v e r  Mountains. Loca1l.y 

metasedi.mentary rocks  may be abur~dant ,  b u t  a r e a l l y  they  rep resen t  a 111'inur 

1  i tho logy  of  t h e  Green Creek Complex. M ine ra log i  c, 1  i t h o l o g i c ,  and 

chemical  da ta  i n d i c a t e  d e v i a t i o n  from a  t e r rane  o f  o l d e r  igneous rocks .  

I n  genera l ,  t h e  geochemical and r a d i o m e t r i c  da ta  f o r  t h e  Precambrian 

W and X ( ? )  t a r g e t  u n i t s ' p r o v i d e  no i n d i c a t i o n  o f  anomalous uranium 

con ten ts  o r  o f  abnormal r ad ioac t - i  v i  t y .  Mean r a d i o m e t r i c a l  l y  e q u i v a l e n t  , 

and mean chemical  l y d e t e r m i  ned potass ium and uranium con ten ts  a r e  c l o s e l y  

comparable t o  those o f  an average igneous rock  ( t a b l e s  C - I  through C - V I I  and 

f i g s .  C-2, C-3 ,  and C-8 through C-11 , appendix C).  I n  c o n t r a s t ,  t h e  

mean rad i .ometr i  c  .and mean chemical ' t h o r i u m  con ten ts  a r e  s i g n i f i c a n t l y  
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h i g h e r  than those o f  an average igneous rock  ( con~pa ra t i ve  data a re  

those o f  Hem, 1970, p. 7 ) .  The mean o r  median Th/U r a t i o  f o r  a l l  rock  

san~ples 1 i kewise compares f avo rab l y  t o  t h a t  o f  an average igneous rock  

( t a b l e  C -  I ,  appendix C). However, a comparison o f  e i t h e r  t h e  mean, 

median, o r  111oda1 uranium con ten t  ( U f  o r  U t )  w i t h  t h e  corresponding 

t ho r i um con ten t  f o r  t h e  Archean adamell i t e  ( t a b l e  C - V I  appendix C) 

suggests, some.uranium has been m o b i l i z e d  o u t  o f  t h i s  r ock .  The amount 

i n  ques t i on  i s  p robab ly  n o t  l a r g e  and may r e a d i l y  be exp la i ned  by any 

one o f  t h r e e  processes known t o  have a f f e c t e d  t h e  Archean adame l l i t e ,  

namely r e g i o n a l  metamorphism, sodium metasomatism by Ol igocene a d a m e l l i t e  

i n t r u s i o n s ,  o r  weather ing.  Approx imate ly  o n e - t h i r d  o f  t h e  geochemical 

anomalies correspond t o  Archean a d a m e l l i t e  o r  a d a m e l l i t e  gneiss,  and 

125 o u t  o f  a t o t a l  o f  156 geochemical anomal i e s  correspond t o  Archean 

and Precambrian X ( ? )  t a r g e t  u n i t s .  None o f  these anomal ies,  however, 

c o u l d  be unequ i voca l l y  a t t r i b u t e d  t o  uranium m i n e r a l i z a t i o n .  

Few da ta  a re  a v a i l a b l e  on c l i m a t e  and weather ing  r a t e s  and types.  

I n  genera l ,  m ine ra log i c  and l i t h o l o g i c  da ta  o f  t h e  t a r g e t  u n i t s  a r e  

compat ib le  w i t h  a cool  temperate c l i m a t e  and dominant ly  mechanical 

weather ing.  Paraconglomerates were no ted  o n l y  l o c a l l y  i n  t h e  Archean 

metasedimcntary rocks .  They may be g l a c i a l  depos i t s  o r  submarine mass 

f l o w  depos i t s .  Th i s  problem remains unreso lved  because o f  g e n e r a l l y  

poor  exposures and t he  e f f e c t s  o f  r e g i o n a l  metamorphism. 

The atmosphere d u r i n g  Archean t ime  i s  cons idered  t o  have been non- 

o x i d i z i n g  w i t h  r espec t  t o  uranium and p y r i t e  (Houston and Kar ls t rom,  1980). 
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Thus, d u r i n g  Precambrian W t ime an atmosphere p r e v a i l e d  which was 

conducive t o  t r a n s p o r t  and p rese rva t i on  o f  uranium and p y r i t e  i n  sur -  

fi c i a 1  environments, b u t  w i t h i n  t he  s tudy area cond i t i ons  were un- 

f avo rab le  f o r  t h e  development o f  01 i g o m i c t i c  conglomerates. Thus, 

Archean t a r g e t  u n i t s  l a c k  p o t e n t i a l  t o e h o s t  quar tz-pebble conglomerate 

uranium depos i t s .  I n  c o n t r a s t ,  the  Elba and Yost Q u a r t z i t e s  o f  

Precambrian X ( ? )  age con ta in  p o t e n t i a l l y  favorab le  l i t h o l o g i e s ,  b u t  

m ino ra log i c  d a t a  i n d i c a t e  o x i d i z i n g  cond i t i ons  preva i  l c d  du r i ng  

eros ion ,  t r a n s p o r t ,  and sedimentat ion. Th is  i s  evidenced by t h e  presence 

o f  h e m a t i t i c  s c h i s t s  and q u a r t z i t e s .  

D e f i n i t i v e d a t a  concerning the  age o f  t he  Elba and Yos't Q u a r t z i t e s  

a re  l a c k i n g .  The p r e f e r r e d  i n t e r p r e t a t i o n  i s  t h a t  they are  Precambrian 

X ( ? )  . ~ o n e t h e l  ess , t h e  m ine ra log i c  data suggest they probably  pos t -da te  

a  non -ox id i z i ng  atmos,phere and are,  t h e r e f o r e ,  t o o  young t o  hos t  

impor tan t  P ro te rozo i c  quar tz-pebble conglomerate uranium depos i ts .  , 

The Elba and Yost Q u a r t z i t e 5  are  i n t e r p r e t e d  t o  have been deposi ted 

i n  shal low,  low t o  h igh  eneryy, ~ r ~ a r i n e  environments. Th is  i n t e r p r e t a t i o n  

i s  based on t h e  a rea l  ex ten t  of u n i t s ,  t h e i r  u n i f o r m i t y ,  bedding s t y l e s ,  

and 1 ack of d i a g n o s t i c  f l  u v i  a1 fea tures .  Transgressl  ve cond i t i ons  a re  

suggested by s t r a t i g r a p h i c ,  l i t h o l o g i c ,  and t e x t u r a l  data,  w i t h  t he  Elba 

Congl omerates and Yos t Q u a r t z i t e s  perhaps rep resen t i ng  sedimentat ion 

d u r i n g  r e j u v e n a t i o n  o f  t he  source area and temporary regress' ions o f  t h e  

s t r a n d l i n e .  

The minera logy 07 the  Elba and Yost Q u a r t z i t e s  a l s o  argues aga ins t  

t h e  possi  b i l  i t y  o f  p l a c e r  type  uranium minera l  i z a t i o n .  The known 
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u ran i f e rous  m ine ra l s  i n c l u d e  monazi te,  z i r con ,  and p o s s i b l y  u r a n o t h o r i t e .  

A l l a n i t e  i s  l i k e l y  p resen t  because i t  i s  a  common accessory i n  t h e  Archean 

adame l l i t e ,  b u t  as y e t  i t  has n o t  been i d e n t i f i e d  o r  repor ted .  

Samarski te i s  p resen t  i n  metamorphic segregat ions i n  an Archean s c h i s t  

( B i l l  G a l l a n t ,  o r a l  communication, 11/13/79), b u t  i t  may be r e l a t e d  

t o  Mesozoic 'and Cenozoic r e g i o n a l  metamorphisn~. P y r i t e  o f  d e t r i t a l  

o r i g i n  i s  conspicuously  l a c k i n g  i n  t h e  Elba and Yost Q u a r t z i t e s .  

Ep igene t i c  p y r i t e  was observed i n  b o t h  u n i t s  a t  a  number o f  l o c a l i t i e s ,  

b u t  i t  e x h i b i t s  a  wide range o f  cr .ys ta l  s i zes ,  i s  obv ious l y  r e l a t e d  

t o  f r a c t u r i n g  o f  q u a r t z i t e s ,  and p robab ly  r e l a t e s  t o  hydrothermal  

m inera l  i z a t i o n  o f  T e r t i a r y  age. 

L i t h o l o g y  , sedimentary s t r u c t u r e s ,  geometry, s t r a t i g r a p h y ,  

metamorphism, and t h e  profound r e g i o n a l  uncon fo rmi ty  sepa ra t i ng  

Precambrian.W and X ( ? )  u n i t s  have a l r eady  been d iscussed in .some 

d e t a i l  i n  p r i o r  sect ions o f  this repor t .  Targe t  u n i t s ,  f o r  t h e  most 

p a r t ,  e x h i b i t  amph ibo l i t e  grade metamorphism. Houston and Ka r l s t r om 

' . (1980) emphasized t h a t  t o  da te  no economic depos i t s  have been Tound i n  

amph ibo l i t e  g r a d e ' h o s t  rocks .  These v a r i a b l e s ,  l i k e  most o f  those  

1  i s t e d  i n  t a b l e  V I I  a r e  mere ly  sugges t i ve  o f ,  and n o t  d i a g n o s t i c  o f  

uranium m i n e r a l i z a t i o n .  

I n  summary, t h e  var ious  s t a t i s t i c a l ,  r a d i o m e t r i c ,  geo log i c ,  and 

geochemical da ta  d isc~. lssed i n  some d e t a i l  ' i n  t h e  f o rego ing  s e c t i o n  o f  t h i s  

r e p o r t  s t r o n g l y  suppor t  t h e  i n t e r p r e t a t i o n  t h a t  t h e  l i t h o s t r a t i g r a p h i c  

u n i t s  p re - se lec ted  f o r  e v a l u a t i o n  o f  t h e i r  uranium p o t e n t i a l  a r e  

u n l i k e l y  hos ts  t o  impor tan t  Precambrian quar tz -pebb le  conglomerate uranium 

depos i t s  . 
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CONCLUSIONS 

Cons ide ra t i on  of t h e  va r i ous  geo log ic ,  r a d i o m e t r i c ,  geochemical, 

and. s t a t i  s t i ca .1  da ta  presented i n  t h e  f o rego ing  sec t i ons  o f  t t i i s  r e p o r t  
... . 

. leads t o  t h e  c o n c l u s i o ~  t h a t  t h e  1 i t h o s t r a t i  g raph i c  u n i t s  p re - se lec ted  

f o r  e v a l u a t i o n  l ack '  p q t e n t i a l  t o  h o s t  impo r tan t  P r o t e r o z o i c  qua r t z -  

pebble conglomerate uranium depos i t s .  I t  i s  l i k e w i s e  doubted t h a t  

t h e y  possess any p o t e n t i a l  t o  h o s t  P r o t e r o z o i c  uncon fo rmi ty - type  uranium 

depos i t s .  However, t h e  da ta  suggest t h e  p o s s i b i l i t y  o f  ve in ,  o r  ve ry  

weakly  d isseminated,  u r a r l i u ~ r ~  m ine ra l  i ' z a t i o n  i n  c e r t a i n  areas where 

geochemical and a i r b o r n e  r a d i a t i o n  anomalies, w i t h  o r  w i t h o u t  assoc ia ted  

s u l f i d e  m i n e r a l i z a t i o n ,  correspond t o  exposures o f  Precambrian W o r  X ( ? )  

t a r g e t  u n i t s .  Sodium metasomatism and b i o t i t e - m u s c o v i t e  adame l l i t es  

c h a r a c t e r i z e  some of t h e  anomalies i n  Archean adame l l i t e .  P rospec t i ve  

.a reas  f o r  t h i s  t ype  o f  uranium m i n e r a l i z a t i o n  i n c l u d e  t h e  mant led gneiss 

done i n  t h e  c e n t r a l  Grouse Creek Mountains, t h e  area between t h e  L e f t  

Hand Fork of Johnson Creek and Cha r l es tonCreek , t he  Century Hol low m in ing  

area,  t h e  Cedar H i l l s  area, t h e  Upper Narrows area, and t h e  Ashbrook m in ing  

d i s t r i c t .  A1 1  a r e  cons idered r e l a t i v e l y  remote p o s s i b i l i t i e s ,  b u t  

a d d i t i o n a l  f i e l d  check ing of  these areas i s  recommended as a  p recau t i ona ry  

measure. 

W i t h i n  t h e  t ime  and budget c o n s t r a i n t s  imposed by t h e  s tudy  o b j e c t i v e s ,  

i t  was n o t  p o s s i b l e  t o  i n v e s t i g a t e  o r  sample t h e  Pa leozo ic  and T e r t i a r y  

rocks .  An o b j e c t i v e  app ra i sa l  o f  t h e i r  uranium p o t e n t i a l ,  t h e r e f o r e ,  

i s  l a c k i n g  and ou t s i de '  t h e  scope o f  t h i s  r e p o r t .  Nonetheless, a  few 
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comments a r e  a p p r o p r i a t e  a t  t h i s  p o i n t .  The Pa leozo ic  rocks a r e  

dominant ly  mar ine carbonates d e p o s i t e d i n t h e  C o r d i l l e r a n  miogeosync l ine.  

They a r e  viewed as poor sources and u n l i k e l y  hos ts  o f  impo r tan t  

u r a n i  um m ine ra l ' i za t i on .  However, i nasmuch as they  have been impo r tan t  

sources o f  p rec ious  metal  s u l f i d e  o res ,  Pa leozo ic  carbonates may c o n t a i n  

smal l  t o  i n te rmed ia te  s i z e ,  i n t e r m e d i a t e  t o  h i g h  grade, hydrothermal 

v e i n  depos i ts  o f  uranium. The p a u c i t y  o f  PRR's i n  t h e  s tudy  area 

suggests many, if n o t  most, o f  t h e  mines were n o t  checked d u r i n g  t h e  

f r e n z i e d  e x p l o r a t i o n  e f f o r t  o f  t h e  1950 's .  F i n a l l y ,  T e r t i a r y  i n t r u s i v e  

and v o l c a n i c  rocks and t u f f aceous  , f l  u v i a l - l a c u s t r i n e ,  b a s i n - f i  11 

sediments appear t o  possesssome p o t e n t i a l  t o  h o s t  ve in ,  c o n t a c t  

metasomatic, volcanogenic,  carbonaceous sha le  and l i g n i t e ,  and 

p o s s i b l y  sandstone type,  uranium depos i t s .  I t was n o t  p o s s i b l e  t o  

p r o p e r l y  assess t h i s  p o t e n t i a l  n o r  t o  d e f i n e  p r o s p e c t i v e  areas i n  

g r e a t e r  d e t a i l  than i s  i n d i c a t e d  by t h e  known uranium occurrences. 

M EI I J I RESOXJHCE CONSULTANTS 



REFERENCES CITED 

. . 
.. _ Anderson, - A .  L.  , 1931 , Geology and m ine ra l  . resources o f  e a s t e r n  Cassia 

County, Idaho: Idaho Bur. Mines and Geology B u l l .  14, 169 p. 

Anderson, A.L., 1934, Contact  phenomena assoc ia ted  w i t h  t h e  Cassia 
b a t h o l i t h ,  Idaho:  Jour .  Geology, V. 42, p. 373-392. 

Arend t  , J .bJ; and otl. lers, 1979, Hydrogeochenii c a l  and stream 
sediment r&oni i3 issance procedures o f  t h e  Uraniuni Resource . 

Eva lua t i on  P r o j e c t :  U.S. Dept. o f  Energy, Open-Fi le 
Report  GJBX-32 ( . 8 0 ) .  ' ; 

Armstronq, F.C., 1964, Uranium, i n  M ine ra l  and Water Resources o f  Idaho:  
Rept. Prep. by U.S.G.S., 1daho Bur. Mines and Geol. ,  and Dept.  o f  
Reclamation f o r  Commi t t e e  On I n t e r i o r  and I n s u l a r  A f f a i r s ,  U.S. 
Senate, U.S. Govern. P r i n t i n g  O f f i c e ,  Washington, D.C.,  1964, 
p.  233-253. 

Armstrong, R.L., 1968a, Mant led gneiss domes i n  t h e  A l b i o n  Range, southern 
Idaho: Geol. Soc. Amer. B u l l . ,  V .  79, p. 1295.-1314. 

Armstrong, R.L., 1968b, Sev ie r  o rogen ic  b e l t  i n  Nevada and Utah: 
Geol.  Soc. Amer. B u l l . ,  V .  79, p; 429-458. 

Armstrong, .R.L., 1970, Mant led gneiss domes i n  t he  A l b i o n  Range, southern 
Idaho: A Revis ion: .  Geol. Soc. Amer. B u l l . ,  V .  81, p . ,  909-910. 

Armstrong, R.L., 1975, The Geochronometry o f  Idaho ( P a r t  1 ) :  Isochron/West,  
no. 14, p. 1-34. 

Ar~ns t ronq ,  R.L., 1976, The Geochronometry o f  Idaho ( P a r t  2 )  : Isochron/West , 
no. 15, p. 1-34. 

Armstrong, R .  L. and Harisen , E.., 1966, Cordi  1 l e r a n  i n f r a s t r u c t u r e  i n  t h e  
eas te rn  Great  Bas in :  Amer. Jour .  Sc i . ,  V .  264, p. 112-127. 

Armstrong, R.L. and H i l l s ,  F.A., 1967, Rb-Sr and K - A r  geochronolog ic  s t u d i e s  
o f  t he  mant led gne iss  domes, A l b i o n  Range, southern Idaho, U.S.A.: 
E a r t h  and P lane ta ry  S c i .  L e t t e r s ,  V .  3, p. 114-124. 

Baker,  W.H., 1959, Geolog ic  s e t t i n g  and o r i g i n  o f  t he  Grouse Creek p l u t o n ,  
Box E l d e r  County, Utah: Univ .  o f  Utah, unpubl ished Ph.D. t h e s i s ,  ..' 
175 p. 

B u t l e r ,  B.S., and o t h e r s ,  1920, The o re  depos i t s  o f  Utah: 'U.S. Geol. Survey 
Prof .  Paper 113, 672 p. 

MI411 JI RESOURCE CONSULTANTS 



Cagle, G.W., 1977, The Oak Ridge A n a l y t i c a l  Program, in Symposium on 
Hydrogeochemical and Stream Sediment Reconnaissance f o r  Uranium - i n  the Un i ted  Sta tes :  U.S. Dept. o f  Energy, Grand Junc t ion ,  
Colorado, March 16-17, 1977, Open-Fi l e  Rept. GJBX-77(77), p. 133-1 56. 

Chenoweth, W.L., 1977, An overview o f  uranium i n  ~neta~norph ic  rocks,  i n  
1977 NURE Urani u111 Geol oqy Synipos i u~n: Sponsored by U. S. Dept . of "' 

Enerqy , Dec; 7-0, 1977, Grantl Junc t ion ,  Colorado 9 p. 

Compton, R . R . ,  1972, Geologic niap o f  the  Yost Quadrangle, Box E lde r  
County, Utah and Cassia County, Idaho: U.S. Geol. Survey, Misc. 
Geol; I nves t .  Map 1-672, 7 p. 

Compton, R.R. ,  1975, Geologic map o f  t he  Park Va l l ey  Quadrangle, Box E lde r  
County, Utah, and Cassia County, Idaho: Misc. Geol. I nves t .  Map 
1-873, 6 p i  

~ornpton, R'.R. and Todd, U.R., 1977, Tectonics o f  core and cover rocks i'n 
R a f t  R iver  Mount.ains , Grouse Creek Mountains, and A1 b ion  Range, 
Utah and Idaho (Abst.  ) : Geol . Soc. Amer. Absts . w i t h  Programs, 
v. 9, p. 933. 

Compton, R. R.  and o the rs ,  1977, 01 i gocene and Miocene metamorphism, 
f o l d i n g ,  and low-angle f a u l t i n g  i n  nor thwestern Utah: Geol. Soc. 
Amer. B u l l ,  V .  88, p. 1237-1250. 

Compton, R.R. and Todd, U.R., 1979, Oligocene and Miocene metamorphism, 
f o l d i n g ,  and low-angle f a u l t i n g  i n  nor thwestern Utah: A Reply: 
Geol. Soc. Anler. B u l l .  V .  90, p. 307-309. 

Condie, K.C. ,  1966, La te  Precambrian rocks o f  t he  northea'stern Great Basin 
and v i c i n i t y :  Jour .  Geol . , V .  74, p. 631.-636. 

Condie, K.C. ,  1969, Geologic eva lua t i on  o f  t he  Precambrian rocks i n  
no r the rn  and adjacent  area, - i n  Guidebook o f  no r the rn  Utah: Utah Geol. 
and M i  ne ra log i  c Survey B u l l  . 82, p. 71 -95. 

Cook, E.F., 1955, Prospect ing f o r  uranium, thor ium and tungsten:  Idaho 
Bur.  Mines and Geol . , Pamphlet 102, 52 p. 

Cook, E.F., 1957, Radioact ive m ine ra l s  i n  Idaho: Idaho Bur. Mines and 
Geol . , Minera l  Resources Rept. no. 8, 5 p. 

Cr i t tenden,  M.D., 1976, S t r a t i g r a p h i c  and s t r u c t u r a l  s e t t i n g  o f  t h e  
Cottonwood area, Utah: Rocky Mtn. Assoc. Geo log is ts ,  1,976, Symposium, 
p. 363-379. 

C r i  t tenden, M.D. , 1979, 01 igocene and Miocene metamorphism, f o l d i n g ,  and 
luw-angle f a u l t i n g  i n  nor thwestern Utah: A Discussion:  Geol . 
Soc. Anier. B u l l . ,  V .  90, p. 305-306. 

Cr i t tenden,  M.D., and o the rs ,  1971a, 1.5 b i l l i o n  yea r -o ld  rocks i n  t h e  
W i l l a r d  t h r u s t  sheet,  Utah: Geol. Soc. Amer. Absts.  w i t h  Programs, 
V. 3, p. 105-106. 

MRIZJ'I RESOURCE CONSULTANTS 



Cr i t t enden ,  M.D. and o the rs ,  1971b, Nomenclature and c o r r e l a t i o n  o f  sollle 
upper Precambrian and basal Cambrian sequences i n  western Utah and 
southeastern Idaho: Geol. Soc. Amer. B u l l . ,  V .  82, p. 581-602. 

D a l l  'As1 i o ,  M., 1973, Geochemical e x p l o r a t i o n  f o r  uranium, - i n  Uranium 
E x p l o r a t i o n  Methods: I n t e r n a t l .  Atomic Energy Agency, Vienna, 
1973, p. 189-208. 

D a l l  'Ag l  i o ,  !I., 1974, Plan'ning and i n t e r p r e t a t i o n  c r i t e r i a  i n  hydro- 
geochemical prospectSng f o r  u ran i  um, - i n  Bowie, S.H .U. and o thers ,  
eds., Uranium Prospec t ing  Handbook: London I n s t i t u t e  o f  Min ing 
and Meta. l lurgy,  Stephen Aus t i n /He r t f o rd ,  p. 101-134. 

Damon, P. E. and o thers ,  196.6, Geochronol ogy o f  t h e  Precambrian 'rocks 
o f  no r the rn  Utah (Abs t. ) : Geol . Soc. Amer. Spec. Paper 101 , p. 394. 

Davis,  G-.H., and Coney, J . ,  1979, Geologic development o f  t he  C o r d i l l e r a n  
meta~i iorphic core  complexes : Geology, V .  7, p. 120-124. 

Drewes , H; , 1978, The Cordi  1 l e r a n  ororjeni c be1 t between Nevada. and 
Chihuahua: Geol . Soc. Amer. B u l l . ,  V .  89', p. 641-657. 

Eard ley,  A.J., and Hatch, R.A., 1940, Pro te rozo ic  ( ? )  rocks i n  Utah: 
Geol. Soc. Amer. B u l l . ,  V .  51, p. 795-844. 

F e l i x ,  C.E. ,  1956, Geology o f  t he  eas tern  p a r t  o f  t h e  R a f t  ~ i v e r  Range, 
Box E lder  County', Utah, i n  Geology o f  p a r t s  o f  nor thwestern Utah: 

. ,Utah Geol . and ~ i n e r a l o g z  Survey Guidebook 11 , p. 76-97. 

Geodata I n t e r n a t i o n a l  , Inc., 1979, ~ e ' r i a l  Radiometr ic and Magnetic Survey, 
B r i  gham C i  t y  Na t' i.onal Topographic Map, Utah : . U.  S .  Dept. o f  Energy, 
Grand J c t .  O f f i c e ,  Open-File Rept. GJBX-124(79), V.1:199 p., V. 11: 64 p. 

G r a f f ,  P.J. and Houston, R:S., 1977, Rad ioac t ive  conglomerate i n  
P ro te rozo i c  (.Precambrian X )  metasedimentary rocks o f  the  S i e r r a  
Madre, Wyoming: U.S. Geol . Survey Open-File Rept. 77-830, 8 p. 

Hague, A. and Enimons, S. F. , 1877, Desc,ri p t i  ve geology: . U. S .  Geol . 
Exp lo ra t i on  40 tn  P a r a l l e l ,  V .  2, Pro f .  Papers Eng. Dept. U.S. 
Army, 890 p. 

Hazzard, J.C. and Turner,  F.E., 1957, Decol lement-type t h r u s t i n g  i n  south- 
c e n t r a l  Idaho, nor thwestern Utah, and nor theas tern  Nevada (Abst .  ) : 
Geol. Soc. A~ner. B u l l . ,  V.  68, p. 1829. 

Higgins , W .C.,  1909, The ,Century and Susannah Wines i n  Utah: S a l t  Lake 
Min ing Review, V .  11, p. 19-22. 

H i l l s ,  R .A . ,  1977, Uranfum.and thor ium i n  the  midd le  Precambrian Estes 
Conglomerate, Nemo D i s t r i c t ,  Laurence County, South Dakota- 
A P re l im ina ry  r e p o r t :  U.S. Geol. Survey, Open-File Rept. 77-574, 15 p. m 

MEIIJI RESOURCE CONSULTANTS 



Houston, R.S. , and Kar ls t rom, K.E. , 1980, Uranium-bearing q u a r t z i  te-pebble 
conglomerates : Exp lo ra t i on  model and U.S. resource  p o t e n t i a l  : U.S. 
Dept. o f  Energy, Open-File Rept. GJBX-(80), 510 p. . 

Idaho Bureau o f  Mines and Geology, 1979, Geology o f  t h e  Poca te l l o  
Quadrangle: Idaho Bureau o f  Mines and Geology, map compiled f o r  
Bendix F i e l d  Eng. Corp., sca le  1 :250,000. 

Jones, C.A., 1978a, A c l a s s i f i c a t i o n  o f  uranium depos i ts  i n  sedimentary 
rocks,  jn- Mick le ,  D.G., ed., A p r e l i m i n a r y  c l a s s i f i c a t i o n  o f  uranium 
deposi ts  : Bendix F i e l d  ~ n g .  Corp. Open-Fi l e  Rept. GJBX-63(78), p. 1-16. 

Jones, C.A. , 1978b, Uranium occurrences i n  sedimentary rocks e x c l u s i v e  o f  
sandstone, i n  Mick le ,  G.D. and Mathews, G.W., eds. , Geologic c h a r a c t e r i s t i c s  
o f  envi  ronments favorab le  f o r  uranium depos i ts  : Bendix F i e l d  Eng. 
Corp., Open-Fi l e  Rept. GJBX-67(78), p. 1-86. 

Kar ls t rom, K.E.  and Houston, R.S.,  1979, S t r a t i g r a p h y  and uranium p o t e n t i a l  
o f  E a r l y  Pro te rozo ic  metasedimentary rocks i n  t h e  Medicine Bow 
Mountains, Wyoming: Wyo. Geol. Survey, Rept. o f  I nves t . ,  no. 13, 45 p .  

Keys, W .  S. and S u l l  i van, J . K. , 1979, Role o f  borehole geophysics i n  
d e f i n i n g  phys ica l  c h a r a c t e r i s t i c s  o f  the  R a f t  R i ve r  geothermal r e s e r v o i r ,  
IdaP~o: Geophysics, V.  44, p. 1116-1141. 

King, Clarence, 1878, Systematic geology: U.S. Geol . Exp lo r .  40th 
P a r a l l e l  Rept.,V. 1, 803 p. . . 

King, P.B., 1976, Precambrian geology o f  t he  Un i ted  States;  An exp lanatory  
t e x t  t o  accompany t h e  aeo log ic  map o,f the  Un i ted  Sta tes :  U.S. Geol. 
Survey P ro f .  Paper 902, 85 p. 

Lover ing,  T.G., 1955, Progress i n  r a d i o a c t i v e  i r o n  oxides i n v e s t i g a t i o n s :  
Econ. Gcol., V .  50, p. 186-195. 

MacFarren, H.W., 1909, The Park Val l e y  min ing  D i s t r i c t  of Utah: S a l t  Lake 
Min ing Review, V .  11, p. 17-18. 

MacKevett, E.M., J r . ,  1963, Geology and ore  depos i ts  o f  t he  Bokan Mountain 
'uranium-thor ium area, southeastern Alaska: U.S. Geol. Survey B u l l .  
1154, 125 p. 

Mapel, W.J. and I- la i l ,  W.J., J r . ,  1956, Te r t i a r - y  s t r a t i g r a p h y  o f  t he  Goose 
Creek D i s t r i c t ,  Cassia County, Idaho, and ad jacent  p a r t s  o f  Utah 
and Nevada: Utah Geol. Soc. Guidebook No. 11, p. 1-16. 

MEIIJI RESOURCE CONSULTANTS 



Mapel, W.J., and t l a i l ,  W.J., J r .  , 1959, T e r t i a r y  geology o f  t he  Goose 
Creek D i s t r i c t ,  Cassia County, Idaho, Box E l d e r  County, Utah, and 
E l ko  County, Nevada, i n  Denson, N.M., Uranium i n  Coal i n  t h e  Western 
U n i t e d  S ta tes :  U.S. g o 1  . Survey B u l l .  1055-A, p.  217-254. 

Mathews, G.W., 1978, Uranium occurrences i n  and r e l a t e d  t o  p l u t o n i c  
iyneous rocks :  U.S. Dept. o f  Energy, Grand J u n c t i o n  O f f i c e ,  
Open-Fi le  Rept. GJBX-67(78), p. 121-180. 

. . McMi l lan ,  R.H., 1978, Genet ic  aspects and c l a s s i f i c a t i ' o n  o f  impo r tan t  
Canadian u r a n i  um depos i t s  , Kimberley , N.M., ed., Uranium depos i t s :  
T h e i r  m ine ra logy  and o r i g i n  : M i n e r a l o g i c a l  Assoc. o f  Canada, - :  

Sho r t  Course Handbook, Toronto,  Canada, October 1 9 7 8 , ' ~ .  187-204. 

M i l l e r ,  D.M., 1977, S t r u c t u r a l  h i s t o r y  o f  t h e  n o r t h e r n  A l b i o n  Range, Idaho 
(Abst .  ) :  Geol. Soc. Amer-.Absls. w ' i t t i  Pr.oyr-a~ns, V. 9, p. 1094. 

M i l l e r ,  D.M., 1978, Deformat ion assoc ia ted  w i t h  B i g  Ber tha  dome, A l b i o n  
Mountains,  Idaho: Univ .  o f  C a l i f o r n i a ,  Los Angeles, Ph.D. d i s s e r t a t i o n ,  
255 p. 

Misch,  P., 1960, Regional  s t r u c t u r a l  reconnaissance i n  c e n t r a l - n o r t h e a s t  
Nevada and some ad jacen t  areas:  Observat ions and I n t e r p r e t a t i o n s ,  
i n  I n te rmoun ta in  Assoc. P e t r o l .  Geol. Guidebook, 11 th  Ann. F i e l d  -- 
Conf. E a s t c e n t r a l  Nevada, 1960, p.  17-42. 

Misch, P. and o the rs ,  1957, Precambrian t i l l i t i c  s c h i s t s  i n  t h e  
sou thern  Deep Creek Range, western I l tah,  and Preqambrian u n i t s  of 
western Utah and eas te rn  Nevada: Geol. Soc. Amer. B u l l . ,  V .  68, p. 1837. 

Misch, P., and Hazzard, J.C., 1962, S t r a t i g r a p h y  and metamorphism o f  l a t e  
Precambrian rocks  i n  c c n t r a l  no r t heas te rn  Nevada and ad jacen t  Utah: 
Amer. Assoc. P e t r o l .  Geol. B u l l .  V.  46, p.  289-343. 

Nace, R.L. and o t h e r s ,  1961 , bfater resources o f  t h e  R a f t  R i v e r  Bas in ,  
Idaho-Utah: U.S. Geol . Survey Mater-Supply Paper 1587, 138 p. 

P i p e r ,  A.M., 1923, Geology and wate r  resources o f  t h e  Goose Creek Basin,  
Cassia County, Idaho:  Idaho Bur .  Mines and Geology B u l l .  6, 78 p.  

Rober ts ,  R.J. and C r i t t enden ,  M.D., 1973, Orogenic mechanisms, S e v i e r  
o rogen ic  b e l t ,  Nevada and Utah, - i n  DeJong, K.A. and Schol ten,  
R., eds., G r a v i t y  and Tec ton ics :  New York, John Wi ley and Sons, 
p. 409-428. . 

Sayyah, T.A., 1965, Geochronologic s t u d i e s  o f  t h e  K i n s l e y  s tock ,  Nevada and 
t h e  Raf t  R i v e r  Range, Utah: Univ.  o f  Utah, Ph.D. d i s s e r t a t i o n ,  65 p.  

MEIIJI RESOURCE CONSULTANTS 



Snedecor, G.W., and Cochran, W.G., 1967, S t a t i s t i c a l  Methods: Iowa S t a t e  
Univ.  Press, Ames, Iowa, 593 p. 

Sorensen, M.L. and C r i t t enden ,  M.D., 1976, P r e l i m i n a r y  map o f  t h e  Mantua 
Quadrangle and p a r t  o f  t h e  W i l l a r d  Quadrangle,  Box E lde r ,  Weber, and 
Cache, Count ies,  Utah:  U.S. Geol. Survey Misc.  F i e l d  S tud ies  Maps 
MF- 720. 

Stokes, W .L., 1952, Pa leozo ic  p o s i t i v e  area i n  nor thwes te rn  Utah (Abst .  ) : 
Geol . .Soc. Amer. B u l l .  V. 63, p.  1300. 

Stokes, W.L., 1960, I n f e r r e d  Mesozoic h i s t o r y  o f  e a s t - c e n t r a l  Nevada and 
v i c i n i t y ,  i n  Guidebook t o  t h e  Geology o f  e a s t - c e n t r a l  Nevada: 
~ n t e r m o u n t z n  Assoc. o f  P e t r o l .  Geol., p. 117-121. 

S t r i  ngham, B. , 1962, Precambrian s t r a t i g r a p h y  o f  t h e  Grouse Creek Mountains , 
nor thwes te rn  Utah ( A b s t . ) :  Geol. Soc. Amer. Spec. Paper 68, p.  105. 

Stringham, B. and o the rs ,  1961, Geologic map o f  t h e  Grouse Creek Mountains,  
and v i c i n i t y ,  Box E lde r  County, Utah: P r e l i m i n a r y  map, Utah S t a t e  
Map P r o j e c t .  

Texas Inst ruments,  Inc . ,  1979, A e r i a l  Rad iomet r i c  and Magnet ic Reconnaissance 
Survey o f  P o r t i o n s  o f  Ar izona,  Idaho, Montana, New Mexico, South Dakota, 
and Washington: U.S. Dept. o f  Energy, Grand J u n c t i o n  O f f i c e ,  Open-Fi le 

.Rept., GJBX-126(79), V .  67 p., Vol .  I IA -V . I IL :1860  p. 

Todd, U.R., 1973, S t r u c t u r e  and p e t r o l o g y  o f  metamorphosed rocks  i n  c e n t r a l  
Grouse Creek Mountains, Box E l d e r  County, Utah: S tan fo rd  Univ . ,  Ph.D. 
d i s s e r t a t i o n ,  316 p. 

T r a v i s ,  W .  I. and o the rs ,  1964, Water Resources, i n  M inera l  and Water 
Resources o f  Idaho: U.S. Govern. P r i n t i n g  O f f i c e ,  Committee on I n t e r i o r  
and I n s u l a r  A f f a i r s ,  U.S.  Senate, 1964, 335 p. 

Uraniurii Resource Eva lua t i on  P r o j e c t ,  1979, Bas ic  I n s t r u c t i o n s  f o r  use o f  
Oak R.idqe Geochemical' Sampl i ng Form by Bendi x F i e l d  Eng ineer ing  
Corpora t ion :  Union Carbide Corpora t ion ,  Nuc lear  D i v i s i o n ,  Oak Ridge, 
Tennessee, June 1979, 29 p. 

Uranium Resource Eva lua t i on  P r o j e c t ,  1979, F i e l d  Sampling Procedures: 
Union Carbide Corpora t ion ,  Nuclear  D i v i s i o n ,  Oak Ridge Gaseous 
D i f f u s i o n  P l a n t ,  Oak Ridge, Tennessee, J u l y  1979, 12 p.  

U. S.  Atonii c Energy Comt:iission, 1956, P r e l  i rn inary  Reconnaissance Reports f o r  
Oox E l d e r  County, Utah: U.S.A.E.C. ,  Grand J u n c t i o n  O f f i c e ,  Colorado. 

U.S.  Atomic Energy Conin~ission, 1966, P r e l  im ina ry  Reconnaissance Reports f o r  
Cassia County, Idaho: U.S.A.E.C., Grand J u n c t i o n  O f f i c e ,  Colorado. 

Woodward, L.A., 1967, S t r a t i g r a p h y  and c o r r e l a t i o n  o f  l a t e  Precambrian rocks  
o f  P i l o t  Range, E l ko  County, Nevada, and Box E l d e r  County, Utah: Amer. 
Assoc. P e t r o l .  Geo log is ts  B u l l . ,  V. 51, p.  235-243. 

MEIIJI RESOURCE CONSULTANTS 





APPENDICES 

AP'PENDIX A - WATER 

TABLES 
Page 

A- 1 .. Summary s t a t i s t i c s  f o r  s t r e a m  w a t e r  samples  ------------- 20'1 

A-11. S u m m a r y ~ s t a t i s t i c s  f o r  s p r i n g  w a t e r  samples  ------------- 202 

A-111. Summary s t a t i s t i c s  f o r  a l l  w a t e r  samples  ---------------- 203 

A-I.V. Cor re l  a t i .on  mat r i  x f o r  v a r i a b l e s  de te rmined  i n  

A-V.  Analyses  of  w a t e r  samples  ............................... 205 

A-VI. Geologic  u n i t  code index  f o r  w a t e r  samples  -------------- 226 

FIGURES 

A-1. C l u s t e r  a n a l y s i s  (dendrograrn) o r  c o r r e l a t i o n  m a t r i x  

f o r  w a t e r  samples  .................................. 227 

A-2 .  - Logprobabi 1  i t y  and 1  ogf requency  p l o t s  f o r  uranium 

c o n c e n t r a t i o n s  i n  w a t e r  samples  .................... 228 

A-3. Areal  d i s t r i b u t i o n  o f  uranium c o n c e n t r a t i o n s  i n  

A-4. Areal d i s t r i b u t i o n  of sodium c o n c e n t r a t i o n s  i n  

M ETIJI RESOURCE CONSULTANTS 



APPENDIX B 

STREAM SEDIMENTS 

TABLES 

B- I .  Summary s t a t i s t i c s  f o r  s t ream sediment Samples ----------- 231 

B-11. C o r r e l a t i o n  m a t r i x .  f o r  v a r i a b l e s .  determined i n  

B-111. Analyses o f  sediment samples ............................. 233 

B- I V . .  Geolog ic  u n i t  code index f o r  sediment samp'les ------------ 2 69 

FIGURES 

B-1 . ' ~l u s t e r  a n a l y s i s  (dendrogram) o f  c o r r e l a t i o n  m a t r i x  f o r  

B-2a. Logprobab i l  i ty  p l o t s  o f  uranium ( f l  u o r i m e t r i c )  , uranium 

(neut ron a c t i  va t i on )and  'u/u-NT values ' i n  sediment 

B-2b. Logfrequency p l o t s  o f  u r a n i  um ( f l u o r i m e t r i c )  ,uranium 

(neu t ron  a c t i v a t j o n )  and U/U-NT va lues i n  sediment 

B-3. A r e a l  d i s t r i b u t i o n  o f  u r a n i  urn (fl u o r i m e t r i  c) concen t ra t i ons  

8-4. Area l  d i s t r i . b u t i o n  o f  uranium (neut ron a c t i v a t i o n  1 

concen t ra t i ons  i n  sediment samples . . . . . . . . . . . . . . . . . . . . .  274 

B-5. Area l  d i s t r i b u t i o n  o f  potass jum concen t ra t i ons  i n  0. 

MEIIJI RESOURCE CONSULTANTS -1 97- 



B-6. Area l  . d i s t r i b u t i o n  o f  vanadi unl concen t ra t i ons  i n  

Page 

sedi,nlent sanlples ......................................... 2 76 

B-7. Area l  d i s t r i b u t i o n  o f  sod i  uni concen t ra t i ons  i n :  

B-8. , Area l  d i s t r i b u t i o n  o f  t h o r i u r l ~  concen t ra t i ons  i n  

B-9. A rea l  d i s t r i b u t i o n  of b e r y l  1 ium concen t ra t i ons  i n  

sediment samples - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - -  279 

APPENDIX C 

ROCKS 

TABLES Page 

C - I .  Sunimary s t a t i s t i c s  f o r  a l l  r ock  samples ..................... 2 80 

C-11. Surnniary s t a t i s - t i c s  f o r  q u a r t z i t e  o f  C la r ks  Bas in- - - - - - - - - - - - -  281 

C - I  I I. Summary s t a t i s t i c s  f o r  Precambrian X ( ? )  q u a r t z i t e s  

C - I V .  Sunimary s t a t i s t i c s  f o r  E l  ba conglomerates ------------------- 283 

C-V .  Summary s t a t i s t i c s  f o r  Precambrian X ( ? )  s c h i s t s ,  E lba,  

Upper Narrows, and Stevens Sp r i ng  ........................ 284 

C - V I  . Sumnary s t a t i s t i c s  f o r  Archean adamel l i  t e  and adamel 1 i t e  

gne iss  ................................................... 285 

C - V I I .  Su~nmary s t a t i s t i c s  f o r  Archean s c h i s t s  ...................... 286 

C - V I I  I. C o r r e l a t i o n  n i a t r i x  f o r  v a r i a b l e s  determined i n  r ock  

salnples .................................................. 287 

MEIIJI RESOURCE CONSULTANTS - 198- 



Page 
.. 

C-X. Geologic unit code index for rock samples ------------------ 303 
. .  . 

. . .  . .  . . . :._. . , .  . .  . .  
. . . . . . . . 

. . .  FIGURES , 

'_ . '  C-1 . Cluster analysis (dendrogram) of correlation matrix 

C-2. Logprobabi 1 i ty , 1 ogf requency, and percenti 1 e . plots of 

urani um (fl uorimetric) in rock samples ------------------- 30 5 

C-3. Logprobabi 1 i ty , 1 ogfrequency, and percenti le plots of 

uranium (neutron activation)in rock samples ------------ 306 

C-4. . Areal distribution o f  uranium ( fl uorimetric)concentrations 

C-5. Areal distribution of uranium (neutron activation) 

concentrations in rock samples .......................... 308 

C-6. Logprobability, logfrequency and percentile plots of 

thorium in rock samples ................................. 309 

C-7. Areal distribution of thori um concentrations in rock 

samples ---;--------------------------------------------- 31 0 

C-8. Logprobabi 1 i ty , logfrequency, and percentile plots of 

radiometric equivalent uranium in rock samples----------- 31 1 
. . 

C-9. Logprobabi 1 i ty , logfrequency, and percentile plots of' 
. .  . 

radiometric equivalent thori um in rock samp1.e~ ---------- 312 
C-10. Logprobabi 1 i ty , 1 ogfrequency, and percentile plots of 

radiometric equivalent potassium in rock samples -------- 31 3' 



Page 

Logprobabi 1 i t y  , 1 ogfrequency , and p e r c e n t i  1 e p l o t s  o f  

Logprobabi 1 i ty , logfrequency , and p e r c e n t i  1 e p l o t s  o f  

spect rometer  r a d i a t i o n  da ta  f o r  potassium 

Logprobabi 1 i ty, l og f requncy  , and p e r c e n t i l e  p ' lo ts  of 

spect rometer  r a d i a t i o n  da ta  f o r  uranium i n  

rock  samples ........................................ 316 

Logprobabi 1 i'ty, 1 ogfrequency , and p e r c e n t i  1 e p l o t s  o f  

~ ~ e c t r o m e t e r ' r a d i a t i o n  da ta  f o r  t h ro i um i n  r o c k  

samples . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  317 

Logprababi 1 i t y  , log f requency  , and p e r c e n t i  l e  p l o t s  o f  

~ p e ~ t r o m e t e r  r a d i a t i o n  da ta  t o  K:U.T. i n  ' r ock  

MEIIJI .RESOURCE CONSULTANTS 



R a F T  R I V E R  P R O J E C T  S I R E A W  WATER 

Y Q L P A ~ E S L - N A L I Z E R  
BELO. C o E F F l C I c N T  - - - - - - L L L R A W Q B r 4 T A L F - - -  

M E A S U R A B L E  D E T E C T  I ON D E T E C T  l O h  M I N  I M J Y  '4AX LMUY S T A N D A R D  C F  R O ? d j T  
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Table A-I. Summary s t a t i s t i c s  for  stream water samples i n  ppm. 



RAFT RIVER PROJECT - SPRINGS 

~ 5 4 e ~ ~ L E ! 2  
BELOW COEFFICIENT LK rhAhs_paEbIfih 

MEASURABLE DETECT ION DETECT ION MIN IMUM MAXIMUM STANOARD CF saeusr 
ELEYINT VALUES L I M I T  L IMIT  VALUE VALUE MEAN MEOIAh MODE OEVIAT ICh VARIATION MEAN S. 0 .  MEAN S. 5 .  - - ----- ---- --- ------ ---- ----- --- ---- -------- -- - 

lJ 10 7 9 (0.20 <0.20 43.14 2 8 7  O.E7 0.50 5.7E7 2.016 0.21 1 . I 5  -0.02 1.37 
A G 4 1 75 < 2 <2 I 6  3 . < 2  <2 2. E 0.7 1.10 0.45 
A L 6 6  50 < 10 < 10 544 1 143 . (10 (10 672. 2 4.7 2.47 I. 21 

B 90 26 < 4 116 3 1 18 <4 24.0 . 0.E f. 15 0.76 2.87 1.10 
8 4 115 I ' (2 < 2 142 24 19 21 21.7 0 -9 2.91 0.78 2.50 0.E1 
B E I S  101 < 1 < 1 . 7  I < 1 < I  l .8 1 .o 0.31 0 -66 
cn 116 1.7 137.9 30.4 i 9 . 3  5.4 . 26.82 o .ee 2 - 9 7  1.02 8-99 1.01 
C 0 43 73 (2 <2 52  4 (2 <2 7.6 1 .S 1.37 0 -57 
CK I 2  104 (4 <4 183 2 0 <4 <a 51.2 2.5 2.02 1.05 
C Ll 16 100 < 2 < 2 1 2 6 .  12 <Z <2 31.2 2.6 1 a31 1 . 1 6 '  , 

FE 8 7 29 . < I 0  (10 3165 93 2 9  <10 340.3 3.7 3.67 1 .00 3.17 1 - 3 1  
k 116 0.2 13.5 2.0 1.5 1.0 1.E1 0.91 0.42 0.72 0.41 0.72 

L I 96 20 (2 (2 2 6 6 4 <2 4.e 0.7 1.66 0 . t 7  1.43 O.7E 
YG 116 0.4 . 39.7 5.9 3.8 2.9 6.03 1.03 1.36 0.93 1.36 1-03 
YN 23 93 <2 < 2 I 0 1 9  11 8 U <2 306.5 2.6 1.96 2.02 
YO I 5  81 <4 <4 2 2 8 <4 <4 4.8 0 -6  2.03 0 .SO 
NA I I 6  0.0 70.8 16.5 11.8 3.6 15.01 0.9 I 2.38 0.99 2-40 1-04 
MI 2 5 9 1 <4 <4 80  9 <4 <4 15.3 1.5 1.92 0 -71  

P I 0  106 < 40 (40 964 262  (40 .  (40 347.1 1.3 4.85 I .20 
sc 14 102 <I <I 22 2 (1. <I 5.6 2.1 0.35 o . e ~  
S I 1 1 5  1 .  <O.l- (0.1 21.2 '7.3 6. I 3.4 *.be 0 -62 1-77 0.73 1.79 0.77 
SR 116 12 762 136  25 122.3 0 - 9  4.55 9 7  0.89 4.56 0 - 9 0  

1 I I 4  102 , ,. 2 . ' .  2 . 4958  . . 374 '3 <t 1320.2 ' 2.5 2 -52  2 -06 
V 3 0  86 . , <? 4 . 147 ' 1 3 :  <4 <4 26  - 0  1.9 2.13 0 .e0 . . 
Y 3 2 84 ' <t. < 1 1 1  ' , 1 <I < I  1.9 1.3 0.16 0.53 

ZU 40 76 : < 4 , '  <4 449  . 25 . . <4. <4 19.5 2.7 2.49 0.56 
ZI 3 0  8 6  <2" <2' 3 7  4 <2 (2 ' 6.3 1.6 1.08 0.55 
AS 2 9 e 7 (0.5 . .<0.¶- ,,., 24.0 .. I .?  KO...S e0.5 4.3: 2.54 -0.10 0.78 
K 5 2  6 4 4 . 2  , a.! .': 2.6 0.4 (0.2 (0.2 0.24 0.7e -0.53 0.43 

SO4 5 I 6 5 <S <5 .' . . 254 . '24 < 5 37. .? 1.7 2.59 O.E4 
C L  7 0  46 < 10 (10 I T  ' (10 42.6 0.9 3.63 , . .. -"v, s'o 0.74 2-93 1 - 5 4  
PH 9 6 -t 0.0 . 7.1' T .O 7.0 o.3e 0.05 ' 

r-AK 0 .-.. )." 2 1 1ag.j..:. ' 62 3 6 . j ;  34.1 0 i 6  3.81 0 -56 . . . . .  . . --- 
. . 

Table A-11,Summary s t a t l s t i c s  f o r  s p r i n g  wa te r  samples. 



C O E F F  l C I EN1 LN T R A N S F ~ I J  ON 

M E A S d . 2 4 8 L E  D E T E C I I O N  D E T Z C T I O N  M I N I M U M  M A X I M U M  S T A N D A R D  O F  --,-3- 
E L Z ~ S N T  U ~ L U Z S  L 1  *I 1 U M I T  V A L U E  M A L U E  4 E A N  M E D I A N  N O J E  D E V I A T I O N  V A R I A T I O N  M E A N  S. 0. - * A N  5. 0. 

Table A - I 1  I, Summary s t a t i s t i c s  for yater samples 



L-u 

L-C4 

L-S9 

L-MC 

L-* 

L-a 

L- WI 

L i t  

L-@A 

L-SI 

' L-LL 

L-FC 

L - U  

1 .oo 
(. 30a) 

0. b e * * *  

0 .50** *  
( 3 0 3 )  

0.53***  
3 . 5 & * * *  
I 3031 

0.53***  
0.56**. 
1 3031 

O.46**L 
O.Sl*.* 
I 3031 

0.4Ob.b 
3.41*** 
I 2461 

o;ss..* 
0. S6.** 
( 3031 

0.46*** 
0.47.** 
( 264) 

0. Job*. 
0.30*** 
( 301 J 

0 .3a***  
O.41**+ 

301)  

-0. IS* 
. 4 . 0 9  

4 147) ' 

4 i 3 l * * *  
-0.27*** 

( 2081 

L-MG 

L - K  

1 .OO 
( 334) 

0.58*.* 
0. see** 
( 264) 

O.69*** 
0 .67*.* 
I 3341 

o.se*** 
O. swr* 
I 279) 

OiS?... 
0.58.r. 
I 332) 

0.65*** 
0.66*** 
( 332) 

0.03 
0.0s 
4 1661 

-0.oe 
-0.04 

( 230) 

Notes : 

( 1  ) Pearson correlation/Spearman correlation/sampl e 
s ize.  I f  either'elernent has concentration 'level 
below the detection limit.,  i t  i s  omitted from the 
pai rwi,ze computation. 

. ( 2 )  Significance' levels:  

L-NA 

1 .oo 
( 33.) 

L -L I  
0.77*** 
0.81*** 1.00 
( 279) I 279) 

L-AL 

TABLE A-IV. Correlation matrix for  variables determined in water samples. 



RAFT RIVER WATER 
Y SbusLE 0. 0. E. SAMPLE MJYBER 

CJ*BfR ST L 4 T  L O N G  L T I  REP 
1 5 1 1 7 9  4 3 - 0 1 . 6 8 2  -1 1 3 . 7 0 5 . - 3 - 0 1 -  
156.81 4 0 - 4 1 . 6 9 2  - 1  1 3 . t 9 7  -+ - 
L 5 4 4 a 3  b0-41 .  7 0 5  - I  13.  703 -3- - 
154.85 4 3 - 4 1 . 7 0 6  - 1 1 3 . 7 0 2  -3- - 
i 5 4 . 9 2  4 3 - 4 2 . 2 6 5  -113 .C25 - 3 - 0 1 -  
1 5 b 5 1 5  4 0 - b l . 8 0 6  - l l 3 . t 2 5  - 3 - 0 1 -  
1 5 b 5 2 0  4 5 - 4 1 . 8 0 8  - 1 1 3 . 6 L I  -3- - 
15.522 4 0 - 4 1 . 7 0 3  - 1 1 3 . C 7 2  -1- - 
i z r 5 2 7  b o - b 1 . 9 3 2  - 1 1 3 . 5 9 6  -3 -  - 
15.530 4 0 - 4 1 . 9 3 1  - 1 1 3 . 5 6 1  -3 -  - 
15.53e 4 0 - 4 1  - 7 1 7  -1 1 3 . 7 3 8  - 2 - 0 1 -  
1 5 4 5 4 1  4 0 - 4 1 . 7 3 9  - 1 1 3 . 7 5 9  -3-  - 
154Sbb 4 0 - 4 1 .  7 4 1  -1 1 3 . 7 5 0  -3 -  - 
e545b6 4 3 - 4 1 . 7 3 1  -1 1 3 . 7 8 6  -3- - 
15.559 4 0 - 4 1 . 8 0 9  - 1  1 3 . t 8 1  - 2 - 0 1 -  
1 5 4 5 6 3  b1-61.  7 8 6  -1  13.  t 4 0  -3 -01-  
15bSbb 4 0 - 4 1 . 7 7 8  - 1 1 3 . f . 6  -3 -01-  
1 5 4 5 7 6  4 0 - 4 1 . 6 8 9  -1  1 3 . 7 2 6  - 3 - 0 1 -  
15.579 40-41 .702  - 1  13. 720  -3-  - 
15.585 4 0 - 4 1 . 9 8 3  -1 13 .864  -3 -  - 
1 5 4 5 8 9  4 0 - 4 1  - 9 6 6  -1 1 3 . 8 0 6  -3 -01-  
15.590 4 0 - 4 1 . 9 6 1  - 1 1 3 .  e 5 9  -1- - 
15.595 bO-41.91 1  -1 13.  7 8 8  - 3 - 0 1  - 
15.597 4 0 - 4 l . 9 0 1  - 1 1 3 . 7 6 9  -3- - 
1 5 b 5 W  4 0 - 4 1 . 9 1 8  - 1 1 3 .  7 6 2  -3-01- 
1 5 4 6 0 0  6 0 - 4 1 . 9 2 4  -1  13.  794 - 3 - 0 1 -  
1 5 4 6 0 2  4 0 - 4 1  - 9 3 6  -I 1 3  789  -3-  - 
I 5 4 6 0 4  4 3 - 4 1 . 9 5 2  - 1 1 3 . 7 7 6  -:- - 
1 5 4 6 1 0  4 0 - 4 2 . 2 8 6  - 1  13. 5 8 6  -3 -01-  
1 5 4 6 1 6  4 0 - b l .  7 8 1  -1  13.  584 -3 -01-  
1 5 b b I 7  6 0 - 6 1 . 7 5 5  -1 1 3 . t 0 4  -3 -01-  
1 5 4 6 2 1  4 0 - 4 1 . 7 5 7  - 1 1 3 .  Ebb - 3 - 0 1 -  
15.623 40-41 .751  -1 13 .677  -3-  - 
1 5 4 6 2 5  4 0 - 4 1 . 7 5 1  - 1 1 3 . e 8 7  -3-- - 
1 5 4 6 2 7  1 0 - 4 1 . 7 5 1  - 1 1 3 . f 9 3  -3 -  - 
I 5 4 6 8 1  40-42 .  11 3  -I 13. I 7 6  -3 -01-  
l 5 . 6 8 2  4 3 - 4 2 . 1 1 4  -113 .777  -3- - 
1 5 4 6 8 3  4 0 - 4 2 . 1 3 0  - 1 1 3 . 7 7 6  -3-  - 
I5.68b 4 0 - 4 2 . 1 4 3  - 1  13. 782 - 3 - 0 1 -  
1 5 4 6 2 5  4 0 - 4 2 . 1 5 2  -1 13 .784  - 3 - 0 1 -  
1 5 4 6 9 6  4 5 - 4 2 . 1 4 9  -1 1 3 . 7 6 5  - 3 - 0 1 -  
1 5 4 6 8 7  49-42 .  164  - 1  13.  7 8 6  -3-  - 
1 5 4 6 8 5  40-42.  1 5 3  -I 1 3 . 6 5 6  - 3 - 0 1  - 
15.689 4 0 - 4 2 . 1 6 1  - 1 1 3 . t 4 3  -3- - 
1 5 4 6 9 0  4 0 - 4 2 .  1 5 4  - 1 1 3 . L 6 3  -3- - 
15.691 bO-41.930  - 1 1 3 . 2 4 0  -3-  - 
15.693 bO-41.922  - 1 1 3 . 3 3 1  - 3 -  - 
15.695  b 0 - b l . 9 2 4  -1  1 3 . 3 2 1  -3- - 
I 5 4 6 9 8  4 0 - 4 1 . 8 9 0  - 1  13 .122  -3- - 
1 5 4 7 0 0  4 0 - 4 1 . 9 3 9  -I 1 3 . 3 2 6  -3-  - 
1 5 4 7 0 2  4 8 - 4 1 . 9 4 7  -113 .b54 -2- - 
1 5 4 7 0 4  4 0 - 4 1 . 9 4 3  - 1  13. 425 - 2 -  - 
1 5 4 7 0 6  4 0 4 1 . 9 3 5  - 1 1 3 . 4 2 8  -3-  - 
l S b 7 0 0  4 3 - 4 1 . 9 4 3  - 1 1 3 . 4 2 1  -3- - 
15.710 4 0 - 4 1 . 9 4 3  - 1 1 3 .  420 -3-  - 

TABLE A - V .  Analyses of water samples 

SECTION I J F  
. C S :  CU 
(PPBI (PPRI 

< 4 < 2 .  
4  < 2  
< b (2.  
< 4 < 2 
<. 2 
< 4 2  
<4  4  
<. 2 
< 4 2  
< 4 <2 
<4  . 2  

<' . < 2  
< 4 1 2  

' <. < 2 
<. < 2 
< 4 - <2 
<. 3 
< 4 < 2 
< . U 
< 4 < 2  
< 4 < 2 
<. . (2 
< 4 2  
< 4  ( 2  
< b < 2  
< 4  U 
< 4 < 2  
<4  < 2 
< 4 (2 
< 4 < 2 
<a  
< b 

<2.  
(2 

<. c2 
( 2  . 

4 < 2 
<4  U 

6 . < 2  
< 4  - < 2  
i u 

< 4 <2 
< 4  ( 2  
< 4 < 2 
<. (2 
< 4  . < 2  

, . < 4  < 2 

< (2 
<. < 2 
< ' ( 2  
1 3  U 
<4 

' ( 4  
u 
< 2 



R A F T  R I  I 
OR S A M P L E  K 

NUMBER (PPY I 
154478 3 . 0  
154481 2 .9  
154483 2 . 1  
154485 2 . 2  
154492 1 . 2  
154516 3 .9  
154520 8 . 3  
154522 2 . 4  
154527 5 . 0  
154530 3 . 7  
154538  1 . 5  
154541 3 . 9  
154544 2 . 9  
154546 6 . 4  
154559 2 . 0  
154563 . 0-6 
154564 1 . 5  
154576 2 . 2  
154579 1 . 7  
154585 3 . 9  
154588 8.4  
154590 1.6  
154595 2 . 8  
154597  2 . 7  
154599 7 . 8  
154600 1 .6  
154602 1 . 6  
154604 1 .S 
154610 1.1 
154616 I .  2  
154617 2.4  
154621 3 . 7  
154623 3 . 5  
154625 2 . 4  
154627 1 . 8  
154681 2 . 5  
154682 3 . 3  
154683 2 . 2  
154684 1 . 5  
154685 3 . 1  
154686 5 . 7  
154687  2 - 4  
154688 0 . 9  
1  s 4 6 e 9  0 . 7  
154690  0 . 7  
154691 0 . 8  
154693 1 .0  
154695 1 . 7  
154698 1 . 9  
154700 1 . 5  
154702 2 .0  
154704 
1 54706 1 . 9  
151708 1 .  7  
IS4710 1 . 9  

IER W A l E R  
L 1 Y G  

(PPBI ( P P n )  
I  I 9 -0  

4  3 .3  
3  3 .2  
4  3.4 
3  4 .0  

1 3  e.5 
24 14.8 

3  6 . 7  
17 13.7 
14 11.7 

2  I. 6  
5  5 .0  
5  5 . 3  

12 10.0 
7  - 6 . 8  
2  ' 1 . 8  
5  4 .7  
4  2 .8  
2  1 .5  
4  6 .7  

10 39.7 
3  9 .4  
9  3 . 9  
7  4 .2  

18 6 .3  
9  4 .5  
4  2 .6  
3  3.9 
2  1.7 
6  . 3 .7  
9  8 .3  
5  6 .4  
5  7.1 
5  6 . 9  
3  7.1 
6  5 .7  
7  7.1 
3  6 . 9  

10 7 .8  
5  7.2 
4  8 .8  
5  4 .6  
8  1 . 9  

C2 1.6 
c 2  . 1.2 

2  1.9 
2  2 . 6  
2  4 .2  
2  5 .6  
2  3 . 8  
5  7.2 

Y O  
{ PPB I 

9 
7 

< 4 
< 4 
c 4  
c 4  
c 4  
c 4  
c 4 
c 4 
< 4 

8 
c4 
c 4  
< 4  
Cb 
<4 
< 4 
c 4 

4  
c 4 
c 4  
c 4  

7  
5  

c 4 
c 4 
< 4 

6 
c4 
2  2  
c 4  

6  
S 

c 4 
c4 

9  
c 4 
c 4  

4  
5  

10 
4  

c4 
c 4 
c 4  
c4 

8  
c 4  
c 4  
c 4 

c 4 
< 4  
c 4 

N A N I 
(PPMI (PPBI  
3 6 . 0  4  
1 0 . 6  3  3 
12.7 6  
14.0  C 4  

6 . 6  < 4 
4 8 . 5  C 4  
73 .8  C4 
LO. 8  C4 
46 .3  C4 
41 - 2  < 4 

6 . 2  10 
21 .4  10 
26 1 C 4  
2 6 . 6  C 4  
2 7 . 6  <4 

6.7  C4 
21.7 <4 
1 0 . 9  <4 

7 .4  c 4  
16.9  C4 

9 . 7  5  
9 .2  C4 

18 .0  C4 
17.8 C 4  
3 0 . 9  b 

22.1 4  
7.5 <4 
9.8  C4 
5.4  <4 

18 .2  <4 
30 .8  C4 
19.2 7 
1 6 . 3  4  
20 .o 7  
15 .7  C4 
15.1 5 
22 .1  8  

8 .1  C 4  
1  8 .3  < 4 
9 . 2  < 4 

13 .2  (4 
7 .6  C4 

11 .3  C4 
7 . 3  4  
4.C c 4 
5.1 C4 
6 . 4  C4 

11 .8  C4 
13.7 5  
10 .8  C4 
16.5 < 4 

SI 
4 PPM J 

10.9 
7  .7 
5 .3  
9 .5  
6 .1  

13.8  
0 .7  
7 .6  

15.1 
15.3 
8 .0  

12.4 
11.3  
20.0 

9 . 3  
5.9 
4.0 
8 .3  
8  - 2  

11.7 
9.1 
7.4 

21.1  
15.4 
13.4 
16.4 
10.0 
12.3  

4.1 
6.9 
8.7 
8 .9  
5  -8  
E.e 
6 .4  

14.5 
14.9 

8 .8  
14.6 
10.5  
14.4 
10.1 

9 .7  
5. 4  
C. 6 
1.5 
1.4 
2.4 
3 .6  
2 . 8  
4.6 

4  -0 
4.8 
5.1 

T I  
I PPB I 

c 2  
< 2 

. c2 
c2  
< 2 
c2  
c2 
c 2  
< 2 
<2  
c 2 

' c 2  
c2  
CZ 
< 2 

2 
c2 
c 2 
< 2 
c 2  
<2 
c 2 

4  
c2 
<2 
c 2 
cz 
<2 
c 2  
<2 
<2 
c 2 
<2  
c2 
C Z  
c 2  
CZ 
c2 
c 2  
c 2 
c2  
c 2  
c 2 
c2  
c 2  

2  
<2 
c2 

2 
< 2  
c 2  

SECTION 2 3F 
V Y 

I P P B )  I P P B I  
13 C 1 
< 4 <I 
I 4  1  
6  < I  

c 4  < I  
c 4  c 1 
c4 c1  

5  c I  
13 < 1 
<4 <I 
2  1  c I  
c 4  1  
c 4  < 1 
c 4  < 1 
16 C I  
6  I  
9  c I  

<4 < 1 
< 4  c1 
<4 <I 
<a 1 
< 4 < 1 
11 < 1 
9 <I 

23  < 1 
4 <I  

c4 <1 
<4 c 1 
<4 < 1 

5 Cl 
5  <I 

c 4  < I  
17 1  
< 4 c1 
30 I  
c  4  <I  

8  1  
<4 1 

4  1  
< 4 <I 
5  <1 

<4 c 1 
< 4 <I 
<4 <1 
< 4 <I 
c 4  c 1 
< 4 < 1 
<4 < 1 
I 4  2  
< 4  <I  
< 4 c1 

TABLE A-V .  Analyses of water samples 

1 -b 



RAFT RIVER WATER 
OR SAMPLE ZR PH 

NUM0ER (PPB I 
1 5 4 4 7 8  < 2 
154481  6 
1 5 4 4 8 3  4  
1 5 4 4 8 5  < 2 
154492  < 2 
154516  < 2 
154520  < 2 
154522  2  
154527  < 2 
154530  < 2 
154538  < 2 
154541 3  
154544 < 2  
1545 46 < 2 
154559  < 2 
154563  3  
154564  < 2 
154576  < 2 
1 5 4 5 7 9  < 2 
154585  < 2 
1 5 4 5 8 8  5  
1  5 4 5 9 0  2  
154595  < 2 
1 5 4 5 9 7  4  
154599  3  
154600  2  
154602  < 2  
154604  < 2 
1 5 4 6 1 0  < 2 
1 5 4 6 1 6  < 2 
154617  < 2  
154621  <2 
154623  2  
154625  < 2  
154627  4  
154681  < 2 
154682  2  
154683  (2  
1 5 4 6 8 4  <2 
1 5 4 6 8 5  < 2 
1 5 4 6 8 6  (2  
1 5 4 6 8 7  < 2 
1 5 4 6 0 8  < 2  
1 5 4 6 8 9  (2  
1 5 4 6 9 0  < 2  
154691  < 2 7.2 
154693  < 2 7.3 
1 5 0 6 9 5  < 2  7.2 
1 5 4 6 9 8  5  7.3 
1 5 4 7 0 0  < 2  7 .3  
154702  < 2  7.3 
154704 7.5 
154  706 < 2 7.1 
1 5 4 7 0 8  < 2  6.9 
154710  (2 7.5 

BC 
( PPM ) 

S E C T I O N  3 OF 3  

BTDS = Ca + K + Mg + Na + ~i + SO4 + C 1  

ATDS BTDS . + t o t a l  a1 kal in i  ty  

BC = bicarbonate anion 

TABLE A-V.  Analyses o f  water samples 

1 - c  



RAFT Rl  VER WATER 
.E 0 .  0 .  E. SAMPLE NUMBER 
5 1  LA1 LOhC L T I  REP 
40-41.946 -113.233 -3- - 
40-41.941 -113.363 -3- - 
40-41.938 -1 13.372 -3- - 
4 0 - * l e e 6 8  - 1  13.241 -2-01- 
4 0 - a a * e a r  -++aaaaa  -3- - 
40-41.884 -113.214 -3- - 
40-41.931 -113 .253  -3 - 
40-41.921 - 1  13.207 -3-01- 
4 0 - 4 1 . W 1  -113.338 -3- - 
40'41.871 -113.254 -3- - 
*o-* i .e74 -113.251 -3- - 
40 -41 .898  -113.287 -3- - 
40-41 - 8 9 8  -113.283 -3- - 
40-41.885 -113 .258  -3- - 
40-41.884 -113.261 -3- - 
40-41.903 -113.251 -3- - 
40-41.843 -113.543 -3-01- 
40-41. e43 - 1  13.521 -3-01- 
40-41.845 -113.515 -3- - 
40-41.817 - 1 1 3 . t l l  -3- - 
40 -41 .837  - 1 1 3 . t 1 9  - 2 -  - 
40-42. 157 -1  13.648 -3- - 
40-42.315 -113.702 -3- - 
40-42.384 - 1  13.630 -2-01- 
40-42.336 - 1  13. C94 -3- - 
40 -42 .319  -113.775 -3- - 
40-42.279 -113.564 -3- - 
40-42.265 -113 .  554 -3- - 
40 -42 .150  -113.581 -3- - 
40-42.197 -113.987 -3-01- 
40-42.202 -1  13.570 -3-03- 
40 -42 .247  -1 13.579 -3-03- 
40-42.271 -1 13.580 -3-01- 
40-41.918 -113 .162  -3- - 
40-41.917 -113.563 -3- - 
40-41.911 -113.561 -3- - 
40-42.176 -113.C78 -3- - 
40-42.173 - 1  13. C71 -3- - 
40-42.170 -1 13. t 9 1  -3- - 
40-42.087 -113.C96 -3- - 
40-42.163 -113.701 -3- - 
40-42.310 - 1  13. 520 -3- - 
40-42.101 -113.187 -3- - 
40 -42 .109  - 1  13. I 8 6  -2- - 
40-42.127 - 1  13. 166 -3-01- 
40-41:949 -133.349 -3- - 
40-41.954 -113.356 -3- - 
40-42. I 9 6  - 1  13. C68 -3- - 
40-42.104 -1  13. t 4 2  -3- - 
40-42.215 -1 13.C27 -3- - 
40-42.223 - 1  13. C39 -3- - 
40-42.108 - 1  13.182 -3-01 - 
40-41.724 -1 13.695 -3- - 
40-42.211 - 1 1 3 . c e 1  -3- - 
40-42. 11 2 -1  13. 762 -3- - 

SECTION 1 OF 3 
C 0 c R CU FE 

IPPBJ IPPBJ ( p p a )  IPPBI 
3 < 4 <.? ( 1 0  

< 2 < 4 <2 (1  0 
<2 < 4 <Z <LO 
< 2  < 2 < I 0  

TABLE A - V .  Analyses of water samples 



SECTlON 2 OF. 3  
V Y , ZN 

(PPB) (PP8) (PPB) 
5  I 12 

7 C1 15 
<4 c 1  <4 
c4 c  1  10 

RAFT R I  
OR SAMPLE I( 

NUYBER (PPMI 
154712 1 . O  
154713 1.7 
154715 1.8 
154717 0 . 7  
154729 
154737 1.9 
154741 2.2  
154746 3.0 
154756 1.3 
154766 1.1 
154768 2.6 
154771 
154772 1.7 
154774 3 . 0  
154776 2.2  
154778  3.1  
154782 2.0  
154783 2.3 
154784 2.2 
154786 3.8 
154788 3.0 
154790  1.6 
154791 9.4 
154793 0.7 
154797 1.2 
154800  2.7 
154803 1.0 
154807 0 .3  
154809 2.9 
154810 I .O 
15481 1 4 .7  
154813 2.2 
15481  5 0.9 
154817 1.6 
154819 2.1 
154822 2.5 
154824 0.4 
154826 0.4 
154831 1.4 
1  54833 2.3 
154835 0.7 
154841 0 .5  
154847 1.1 
154848 0.7  
154854 1.4 
154855  1 .O 
154858  1.0  
154860 0.3 
154863 
154865 0.8  
154867  0.7  
154869 1.2 
154881 2.7  
154891 0.6 
154893 2.7  

VER WATER 
L I * G 

(PPBI ( P P l o  
3 3.3 
5  5.9 
4  5.0 
2  1.6 

TABLE A-V. Analyses of water samples 

,b 



RAFT RI 
OR SAMPLE ZR 

NUYBER (PPBI 
154712 2 
154713 2 
154715 <2 
154717 < 2 
134729 
154737 < 2 
154741 < 2 
154746 < 2 
154756 < 2 
154 766 < 2 
154768 <2 
154771 
154772 < 2 
154771  <2 
154776 2 
154778 < 2 
154782 < 2  
114783 (2 
154 784 < 2 
154786 < 2 
1 ~ 4 7 8 8  <2 
I S 4 7 9 0  < 2 
IS4791  9 3 
154 793 < 2 
154797 4 

154800 < 2 
154803 <2 
154807 <2 
154809 < 2 
154810 3 
15481 1 < 2 
154813 < 2  
134815 < 2 
154817 < 2 
254819 < L 
154822 < 2 
154824 < 2  
154826 C2 
154831 2 
154833 < 2 
154 835 (2 
154841 (2 
154847 <2  
154848 < 2 
154854 < 2 
154855 < 2 
IS1858  < 2 
154860 < 2  
154863 
154865 2 
154867  < 2  
150869 < 2 
154861 7 
154891 (2 
154893 < 2 

VER WATER 
PH 

SECTION 3 OF 3 
BTDS ATGS 

142.70 270.70 
222.00 353-00 
106.70 
115.00 192.00 

95.70 lee .  70 
116.60 273.60 

105.90 233.90 
65-50  129.50. BTDS = Ca + K + Mg + Na + S i  t SOo + C1 

121.40 185.40 

152.00 327.00 
39.80 

120.70 
ATDS = BTDS = t o t a l  a l k a l i n i t y  

32.60 
91.70 

135.90 
64.00 
25. 10 : 
89  -60  
61.70 

145. I D .  
103.40 

20.80 
227.10: 
170 -30 
144.10 

16.90 
17.20 
27.70 
45.40 
20.10 
28.70 
28.90 
18.60 
64.60 
34  -80 
46.70 
12.50 

BC = b icarbonate anion 

TABLE A-V.  Analyses o f  water  samples 



OR SAMPl 
NUMBER 

154902  
154908  
154913  
154915  
154917  
154918  
154921  
154926  
154927  
156444 
156452  
156454 
156455  
156461  

, 156463  
156467  
156474 
156475  
156476  
1 5 6 4 7 7  
156478  
1 5 6 4 7 9  
156480  
156484  
156486  
156489  
156490  
156491  
156492  
156493  
1 5 6 4 9 5  
156496  
156497  
1 5 6 4 9 8  
156499  
1 5 6 5 0 0  
156501  
156502  
156503  
156505  
156506  
156507  
1 5 6 5 0 8  
156509  
156512  
156513  
156514 
156515  
156516  
156522  
156530  
156531  
156533  
156534 
1 5 6 5 3 6  

RAFT RIVER WATER 
.E 0 .  O. E. SAMPLE '*UMBER 
ST L A T  LONG L T I  REP 
40-42.  W O  -1'13.678 -3- - 
s o - o i . 7 e i  -113.e1e - 2 -  - 
40-41.659 -1 13.755 -3- - 
40-41.659 -113.750 -3- - 
40-41.659 -113 .  750 --- - 
40-41. 6 5 9  -1 13. 745 -3-01 - 
40-41 - 6 5 1  -1 13.739 -2-01- 
40-42.299 - 1  13.584 -3-01- 
40-42.327 - 1  13 .599 ' -3 -01 -  
40-42.043 -113.e06 -3- - 
40-42.104 -113.e64 -+ - 
40-42.  109 - 1  13. 855 -3- - 
40-42.110 -I 1 3 . e ~  -3- - 
40-42.204 -113.722 -3- - 
40 -42 .214  -113 .  715 -3- - 
4O'L.b.L. -***.*.. -3- - 
40-42.330 -1 13.702 -3- - 
40-42.299 -113 .709  -2-01-  
40-42.297 -113.  706 -3- - 
40-42.293 -1 13.611 -3- - 
40-42.279 -1 13.749 -3- - 
40 -42 .279  -113.750 -3- - 
4'0-42.436 -1 13.639 -3-03- 
40-42.395 -113 .659  -3- - 
40-42.397 - 1  13.C66 - 2 -  - 
40-42.362 - 1  13. 716. -3-01- 
40-42.359 -113.716 -3- - 
40'42.338 -113.C79 -3- - 
4 0 - 4 2 . 3 3 9  - 1  13. t 6 9  -3-01-  
40-..b..b - $ b L . O l .  -3- - 
40 -42 .229  -113 .597  -3- - 
40-42.235 - 1  13 . t24  -3- - 
40-42.231 - 1  13. e l 3  -3- - 
40-42.228 -1 13.61 1 -3-01- 
40-42.220 -113.C09 -2- - 
40-42.208 - 1  13. 597 -2- - 
40-42.209 -113.592 -3- - 
4 0 ~ 4 2 . 1 9 5  -113. tO1 -3- - 
40-42.177 - 1  13. COP -3- - 
40-42. 144 -1  13. C09 -3- - 
40-42.101 -1 13.632 -3- - 
40 -42 .116  - 1  1 3 . t 4 6  - 3 -  - 
40-42.108 - 1  13. 702 -3-  - 
40-42.076 -1 13.679 -3- - 
40-42.291 -1 13.674 -3-01-, 
40-42.290 -113 .  t 7 9  -3-01- 
40-42.287 -1 13.666 -3- - 
40-42.281 -113.659 -3- - 
40-42.277 - 1 1 3 . t 5 9  -3- - 
40-42.051 -1  13.747 -3-01- 
40-42.088 -1 13.734 -3-01- 
40-42.113 -113 .728  -3-01- 
40-42. 145 - 1  13. 731 -2-01- 
40-42.155 -1  13.724 -3- - 
40'42.189 -113.694 -3-01- 

C A 
( PP* I 
59 .3  
27.8 
22.7 
22.8 
18.8 
18.1 
11  .o 

3.4 
2- 5 

44.5 
44.1 
46.7 
44.3 
13.2 
16.2 
1e. 5 
4.3 
3 -5  
3.7 
I e. e 
16.5 
1 5 4  
50.0 
56.3 

4.5 
10.3 

6.5 
10.7 
10.E 

t .2 
4.7 

30 .7  
30. C 

4.3 
4.5 
6.3 

15.0 
17.E 

7.1 
73.5 
17.J 

6..J 
10. a 
46. 9 

2.6 
2. E 
3.4 
5.- 
8.2 

43.4 
27. 
13.3 

4.3 
LO. 5 

5.3 

SECTION 1 3F 
c 0 C C  cu 

(PP8 )  I P P E )  I P P B I  
2 < 4 < 2 

< 2  < 4 < 2 
2 <4 <2 

<2 <4 U 
<2 (4  , <2 
<2 <4 2 

4 < 4  ( 2  
6 < 4 3 
2 <4 3 

< 2 < 4 <2 
< 2 < 4 < 2 
< 2 < 4 . (2 
< 2 <. <2 . 
< 2 <4  < 2  

6 t U 
<2 < 4 <2 
<2 <4  
< 2 < 4 

<z < 2 
< 2  <4  ( 2  

5 4 U 
< 2  <4 (2  
< 2 < 4 (2 
<2 <4 U 

3 <4  <2 
2 < 4 <2 

< 2  < 4 < Z  
2 < 4 <2 
2 < 4 <2 

< 2 <4  U 
<2 <4 <2 
< 2  < 4 < 2 

4 4 < 2 
< 2  < 4 <2 
<2 <4  <2 

. < 2  < 4 < 2 
< 2  <4  <2 
<2 <4 <2 
< 2  <4  < 2 
< 2  4 <2 
< 2  <4 <2 

2 <4  <2 
< 2  <4 <2 
< 2 <4  . <2 

5 <4 <2 
5 < 4  <2 

2 < 4 <2 
<4 <2 

5 < 4 < 2 
< 2  < 4 < 2 
< 2  <4  U 
(2 <4 <2 
< 2 < 4 < 2 
< 2 <4 < 2 
<2 <4 U 
< 2 < 4  < 2  

TABLE A-V. Analyses o f  water samples 

2- 3 



RAFT RIVER 
OR SAYPLE K 

NUMBER (PPM I ( P  
154902 2.8 
154908 2.1 
154913 2.2 
15*915 1.9 
154917 2.0 
154918 1.8 
154921 2.8 
1 54926 1.0 
154927 0.8 
I56444  2.1 
156452 1. 8 
156454 2.2 
156455 2.6 
156461 1. 9 
156463 3.0 
156467 2.3 
156474 0.7 
1 564 75 0.8 
1 56476 0.7 
156477 2.5 
I 564 78 2.7 
1 564 79 0.7 
156480 3.6 
156484 3.5 
156486 0.8 
156489 0.9 
156490 0.7 
156491 1. 2 
156492 1 .O 
I 5 6  493 1.3 
1 56495 0. 7 
156496 1.3 
156497 1.3 
156498 0. 7 
156499 0.6 
1 56500 0.9 
116501 1.4 
IS6502 1.4 
155503 1 .O 
156505 3.2 
156506 1.5 
156507 1 .O 
156508 0.9 
156509 3.5 
156512 0.5 
156513 0 - 9  
156514 0. B 
156515 0.8 
156516 1.0 
136522 2.7 
I 56530 2.1 
156531 0.8 
156533 I .a 

I 156534 1.3 
Ki 
A 

156536 0. 8 

rU 
I 

TABLE A-V.. Ana lyses of w a t e r  samples 

3-b 



RAFT RI VER 
OR SAMPLE ZR 

UMBER IPPB) 
154902 C 2 
154908 <2 
154913 .. < 2 
154915 < 2 
154917 (2 
154918 < 2 
154921 < 2 
154926 (2 
154927 <2 
156444 2 
156452 (2 
156454 < 2 
156455 <2 
156461 <2 
156463 . 3  ' 

156467 < 2 
1564 74 (2 
156475 . <2 
156476 (2 
156477 C 2 
156478 < 2 
156Q79 < 2 
156480 (2 
156484 < 2 
156486 2 
156489 (2 
156490 < 2 
156491 < 2 
1564 92 C 2 
156493 < 2 
156495 < 2 
1 56456 3 
156497 < 2 
156498 < 2 
156499 (2 
156500 < 2  
156501 2 
156502 < 2 
156503 3 
156505 < 2  
156506 (2 
156507 < 2 
156508 < 2 
156509 3 
156512 C 2 
156513 < 2 
156514 (2 
1 5651 5 2 
156516 < 2 
156522 <2 
156530 2 
156531 < 2 
156533 3 
156534 < 2 
156536 2 

SE 504 
IPPB) IPPM) 

0.7 23 
0 -6 1 I 
0.4 7 
0.5 8 
0.4 C5 
0.4 5 
0.3 <5 
0.3 <5 
0.3 <5 
0.5 <5 
0.5 < 5 
0. a <S 
0.5 <5 
0.5 <5 
0.6 <5 
0.5 <5 

(0.2 c5 
(0.2 < 5 
(0.2 < 5 
(0.2 6 
<o. 2 <5 
(0.2 < 5 
(0.2 6 

0.2 <5 
(0.2 <5 
(0.2 (5 
<o. 2 c5 
(0.2 c5 
(0.2 < 5 
(0.2 CS 
(0.2 < 5 
(0.2 < 5 
(0.2 < 5 
(0.2 c5 
<o .2 < 5 

0.3 <5 
(0.2 < 5 
<0 . I 
(0.2 <5 
(0.2 <5 
(0.2 <5 
<o. 2 <5 
(0.2 (5 

0 .4 15 
(0.2 (5 
(0.2 <5 
<O. 2 <5 
(0.2 <5 
(0.2 < 5 
t o .  2 e 
<O. 2 C 5 
(0.2 <5 
(0.2 CS 

0.4 <5 
(0.2 <5 

BTDS 
SECTION 3 O F  3 

TABLE A-V. Analyses of  wa te r  samples 

BTDS = Ca + K + Mg + Na + S i  + SG4 + C 1  

ATDS = BTDS + t o t a l  a1 k a l  i n i  t y  

BC = b i  carbonate an i  on 



R I F T  RIVER WATER 
O R  SAMPLE 0.  0. E. SAXFLE LUMBER 

NUMBER ST L A 1  L O N G  L T V  REP 
156542  40-42.135 -1 13.749 -3- - 
156543 40 -42 .242  -113 .713  -2-01-  
156544 40-42.234 -1 13. 700 -3-01-  
156545 40-42.141 -113.681 -3- - 
156547  40-42.226 - 1 1 3 . t 5 6  -3- - 
156548  40-42. 227 -1  13.C54 -3-01-  
156550  40-42.245 -1 13.656 -3-01- 
156551  40-42.239 -113.C70 -3- - 
156553  40 -42 .239  - 1  13. C69 -3- - 
156555 40-42.252 -113.655 -3- ' - 
156558  40 -42 .256  -1 13.676 -3- - 
156559  40 -42 .266  - 1  13.677 - 2 -  - 
156561  40-42.273 - 1  13. C90 -3-01 - 
156563  40-42.279 -1 13.631 -3-01- 
156565 40 -42 .2az  - 1  1 3 . ~ ~ 2  -1- - 
156566  40-42.294 - 1  13. (52  -3-01-  
156567  40 -42 .294  -1 13.646. -3 -01 - 
156570  40L42.262 -113.C30 -3- - 
156571  40 -42 .256  - 1  13. C52 -2-01-  
156572  40 -42 .243  -1  13. E98 -3-01- 
156574 40-42.084 -1 13.754 -3- - 
156577  40-42.049 - 1  13- 755 -2 -  - 
156582  40-41.998 -1 13. 726 -3-01- 
156595  40-41.915 -1 13.660 -3- - 
156596  40 -41 .903  -113.C69 -3-01- 
1 5 6 5 9 7  40 -41 .911  - 1  13. C33 -3- - 
156599  40-41. W 4  -113.636 -3-01-  
156600 4 0 - 4 1 . ~ 2  -113.658 -3-01- 
156604  40-41.092 -113.C54 -3- - 
1 5 6 6 0 7  40-41.069 -113.C60 -3- - 
156608  40-41.867 -113.660 -3- - 
1 5 6 6 1 0 '  40-41.861 -113.C60 -3- - 
156611  40-41.829 -113.  C54 -3-01- 
156612  40-41.927 -1  13.579 -3-01- 
156615  40A41.906 -113.562 -3- - 
156617  40-41.888 -113 .548  -3- - 
156618  40-41.873 - 1  13.577 -3-01- 
156619 40-41.873 -113.580 -3-01- 
156620  40-41.877 - 1  13.551 -3- - 
156621 40-41.878 - 1  13. 553 -3 -01 -  
156623  40-41.887 -1 13.524 -3- - 
1 5 6 6 2 5  40-41.891 -113.524 -3- - 
1 5 6 6 2 6  40 -41 .887  -113 .524  -3- - 
156627  40-41.895 -113.553 -3- - 
156629  40-4 1 -92  1 -1 13 529 -3-01 - 
156631  40-41.902 - 1  13.507 -3- - 
156632 40-41.909 -113.515 -3- - 
156633 40-41.931 -113.536 -3- - 
1 5 6 6 3 8  40-41.917 -113.466 -3- - 
1 5 6 6 3 9  40-41.936 -113 .516  -3- - 
156641  40-41.936 -1 13.516 -3-01-  
156642  40-41.936 -1 13.516 -3-01- 
156643  4 0 - * * * * * *  - * * * * * * L  -3- - 
156648  40 -41 .906  -1  13. t 9 5  -3-01 - 
156649  40-41.897 -113.706 -3-01- 

SECTION 1 O F  3 
CO CR CU F E 

(PPB)  (PPBJ (PPB) (PPB) 
<2  < 4  <2 <LO 

4 7 <2 (1 0 
4 4 2 1 1 1  

<2 <4 <2 ( 1 0  
< 2  < 4 < 2 < 10  
<2 <4  <2 <LO 
(2 <4 <2 < 10  
< 2 <4 < 2  < 10 
< 2  < 4 < 2 ( 1 0  
< 2 <4 <2 ( 1 0  
<2 <4 < 2 < 10  
< 2  . < a  < 2 12  

3 < 4 <2 1 6  
2 . < 4 <2 8 1 
4 < 4 < 2 1 6  

< 2  < 4 <Z 1 3  
4 <4 <2 1 1  

< 2  <. < 2 3 4  
< 2 < 4 <Z 3 2 
< 2  < 4 <2 3 7 0  
(2 6 (2 3 7  
< 2 < 2 4 5 

2 < 4 U 3 4  
2 <a <2 3 8 
2 <4  < 2 4 0  
3 <4 <2 3 5  

<2 <a <2 3 1  
(2 < 4 <2 3 0  

3 < 4 < 2 4 3  
< 2  <a  <2 3 7  , 

<2 < 4 <2 3 3  
<Z 4 ( 2  3 5  

2 < 4 <2 3 1  
3 5 <z  3 0 

<2 < 4 < 2 2 8  
< 2  < 4 <2 

< 4 <2 
2 0  

< 2 3 8 
<2 <4 < 2 3 3  
< 2  5 < 2 3 s  
< 2  < 4 <2 2 9 
<2 <I <2 6 9  

3 < 4 < 2 6 1 
< 2  4 <2 72 
< 2  < 4 ,  <2 6 1  

3 <4 <2 5 7  
5 5 < 2 5 7  
2 <4 U 6 0  
2 <a <2 5 5 .  

< 2 < 4  (2  7 7  
2 <4  <2 5 8 
2 <4 126 5 2  

<2 <4 <2 5 6 
< 2  < 4 < 2 6 4 
< 2 < 4 <2 5 3 

2 4 <2 5 5 

TABLE A - V .  Analyses o f  water samples 

4- a 



OR SAMRE 
NUMBER 
156542 
156543 
156544 
156545 
156547 
156548  
156550 
156551 
156553 
156555 
156558  
156559 
156561 
156563  
156565 
156566 
156567 
156570 
196571 
156572 . 
156574 
156577 
156582 
156595 
I56596  
156597 
156599 
156600 
156604 
IS6607  
156608  
156610 
156611 
156612 
156615 
I56617  
156618 
156619 
156620 
156621 
156623  
156625 
156626 
156627  
156629 
156631 
156632 
156633  
156638 
156639 
156641 
156642 
156643  
I 5 6 6 4 8  
156649 

RAFT El VER W A T E R  
K L I Y G  

IPPYI  (PPBI (PPN) 
1.7 3 4.5 
2.4 7 5.6 
1 . 5  4 1.5 
0.5 C2 0.7 
0.5 C2 0.6 
0 - 7  2 1.3 
1.3 3 4.0 
0.8 < 2 1 -0  
1.1 2 2.0 
0.9 2 1. 2 
2.1 3 t. 3 
1. 1 2 3.6 
0.6 2 2.5 
1.3 C 2 2.8 
1.0 2 1 8 
0.3 C2 0.5 
0.4 C 2 0.9 
2.9 2 3.6 
0.6 3 1.7 
5.7 2 3.0 
3.8 7 t. 8 
4.8 10 8.6 
4.4 20 20.7 
3.7 9 9.3 
0.5 2 2 . 5  
2.5 7 a.e 
1 .o 10 LL.1 
0.7 4 2.3 
4.3 10  e. I 
1.8 8 5.6 
0.9 7 e.2 
2.5 16  12.8 
0.8 4 7.6 
1.6 9 e. B 
2.3 7 5.7 
1.8 5 5.7 
2 5 5 t .6  
3 - 5  6 5.6 
1.9 6 5.7 
2.0 4 6.8 
1.4 4 2.8 
1. e 6 5.2 
1.6 4 4.7 
2.2 6 6.6 
1.6 1 3  15.5 
1. 8 5 10.5 
1.7 6 9.7 
1.7 I 3  14.1 
0.9 2 3.4 
1.3 4 5.8 
1.4 11 2.5.2 
1 9 9 12.6 
3.2 I 2  S. 7 
1.9 1 3  12.9 
2.0 1 3  15.0 

SECTION 2 OF 3 
T I  v 1 ZN 

(PPe)  (PPE)  (PPB) ~ P P B )  
< 2 < 4 c 1 < 4 

4 4 5 <4 
11 4 3 <4 
c 2  < 4  < I  <4 
c 2  < 4 c 1 <4 
c2 < 4 < I  < 4  
c 2  c 4 < I  <4 
< Z  <4 1 <4 
c2 c 4 c 1 12 
c2  <4 < 1 < 4 
< 2 <a  <I  < 4 
c2  < 4  < 1 c* 
c2  < 4 < I  < 4  

5 < 4  <1 <a  
c2 < 4 <I  <* 
CZ <4 <I  <4 
< 2 <4 < I  <a  
c 2 < 4 <I <4 
<2 < 4 <I  <4 
<2 <4 < I  < a  
< 2 <4 I < a  
CZ 6 1 <4 
(2 <4 <I 6 
<2 < 4 c I <4 
<2 <4 <I <4 
c2 <4 <I <a 
< 2 <4 < 1 < 4  
<2 (4  < I  < 4 
<2 5 I <4 
c2 <4 < I  < 4 
< 2 < 4 < 1 <4 
<2 < 4 I <4 
c2  <4 <I  c4 
c 2  4 1 < 4  
< 2 < 4  < I  c 4 
<2 < 4 <I  <4 
< 2  < 4 < I  < 
c 2 < 4 < I  < 6 
c2  < 4 1 <4 
c2 < 4 1 (4 
<2 <4 < I  1 3  
c 2  <4 <I <4 
c2  < 4 I <4 
(2 <* < 1 < 4  
<2 < 0 I < 4 
c2  <4 2 4 
<2 <4 < L  <4 
c 2  <4 < I  <4 
c 2  < 4 <1 <4 
U <4 <I < 4 
< 2 <4 < I  IS 
< 2 < 4 <I (4 
c2  < 4 I <4 
c2 <4 < I  <4 
c 2 8 1 7 

TABLE A-V.  Analyses of water samples 

4-b 

- 



R A F T  RIVER WATER 
O U  SAMPLE ZR PH EC 

NUMBER IPP.91 1 PPY I 
156542 <2 
I56543  2 
156544 3 
156545 < 2 
156547 (2  . 
156548 < 2 
156550 (2 
156551 - <2 
156553 < 2 
156555 <2 
156558 (2  
156559 < 2 
156561 2 
156563 (2  ' 
156565 < 2 
156566 C 2 

. 156567 < 2 
156570 < 2 
156571 (2 
156572 < 2 
156574 4 
156577 <2 
156582 < 2 
156595 < 2 
156596 < 2 
156597 <2 
156599 (2 
156600 <2 
I 5 6 6 0 4  < 2 
156607 ( 2  
l 5 6 6 0 8  (2 
156610 <2 
1S6611 2 
156612 2 
156615 < 2 
156617 (2 
15661 8 <2 
156619 < 2  
156620 < 2 
156621 (2 
156623 <2 
156625 < 2 
156626 < 2 
156627 < 2 
156629 < 2 
156631 , 5 
156632 2 
156633 < 2  
156638 < Z  
156639 <2 
156641 2 
156642 <2 
156643 4 

4 156648 < 2  

2 156649 3 
cn 

. I 

C L  T - L K  
(PPMI (PFM) 

< 10 
0 0  
(10 
(10 
< I  0 
< I 0  
< 10 
(10 
< I 0  
(10 
(10 
(10 
(10 
(10 
(10 
< I 0  
(10 
(10 
<LO 
< l o  

43 
69 

167 
6 9 
I 4  
3 4 
76 
2 7 
77 
4 8 
54 

1 1 6  
4 8 
7 I 
6 6  
34  
24 
44 
4 1 
36 
2 2 
33  
29 
4 0 

148 
13 
3 2 
73 

< I  0 
20 

I 6 9  
68 
78 
84 
92 

BTDS A T D S  
SECT LON 3 O F  3 

BTDS = Ca + K + Mg + Na + Si, + SO4 + C1 

ATDS = BTDS + total a1 kal ini ty 

BC = bicarbonate anion 

TABLE A-V . Analyses of water sarnpl es 



RAFT Rl  VER BITER 
OR SIYPLE 0 .  0. E. SAMPLE hUH8ER 

NUMBER ST L I T  LONG L T I  REP 
156652 40-4 1.884 -1 13.685 -3-01- 
156657 40-41.849 -113.E73 -2-01- 
156660  40-41.852 -113.590 -3- - 
156664 40-41.893 -1 13.596 -3-01 - 
156667  40-41.889 -113 . t09  -3- - 
156668 40-41.883 -113 .€12  -3- - 
156669 40-41.891 -113.C21 -3- - 
156670 41-41.885 -1 13.627 -3-01- 
156671 40-41.879 -113 . t43  -3-01- 
156674 40-41.939 -113.697 -3-01- 
156677 40-41.934 -1 13.696 -3-01 - 
156685 40-41 -853  -1 13.787 -3-01- 
156686 40-41. e 6 ~  - 1  13.799 ---01- 
156687 40-41.864 -1 13.799 -3- - 
156690 40-01.891 -1 i 3 . e o 9  -3- - 
156692 40-41.903 -1  13. e l l  -3-01- 
156695 40-41.886 -1 13.795 -3- - 
156696 40-41.898 -113.794 -3-01- 
156703 40-41.997 -1  13.528 -2-01-  
156711 40-42. 172 - 1  13. t55 -3-01- 
156713 40-42.175 -113.636 -3- - 
I 5 6 7 1 8  40-42.199 - 1  13. t96 -2-01- 
156723 40-42. 196 - 1  13. t 9 2  -3- - 
156725 40-42.196 -113.692 -3- - 
156732 40-42.375 -113.  t 3 7  -3- - 
156733 40-42.375 - 1  13. t 3 7  -2- - 
156736 40-42.343 -113.560 -3- - 
156744 40-42.078 -1 13.821 -3-01- 
IS6746  40-42.009 - 1  13. e03 -3-03- 
156748 40-42.032 -1 i 3. eo3 -3- - 
156753 40-42.109 -1 13.777 -3- - 
156755 40-42.139 -113.792 -2- - 
156757 40-42.150 - 1  13. 798 -3- - 
156759 40-42.162 -113.eoo -3- - 
156762 40-42.160 -1 13.759 -3- - 
156764 40-42. 194 -113. 754 -3- - 
156766 40-42.194 -1 13.743 -3- - 
156770 40-42.223 -113.588 -3-01- 
156780 40-42.315 -1  13. t 3 4  -3-01- 
156786 40-41.679 -1  13.739 -3-01 - 
156788 40-42.302 -1 13. t34 -3-  - 
156793 40-41.954 - 1  13. 217 -3 -  - 
156795 40-41.956 -1 13.309 -3- - 
156797 40-42.102 -1 13.729 -3-01- 
156799 40-42. 086 - 1  13. 744 -3- - 
156811 40-41.627 -1 13.692 -3- - 
156820 40-42.355 -113 . t19  -3-01- 
156822 40-42.359 - 1  13. e25 -3- - 
156823 40-42.363 -1 13.617 -2- - 
156826 40-42-372 -1 13.614 -3-0 1- 
156829 40-41.839 -113 .eo i  -3- - 
156831 40-41.827 -113.  t 5 1  -3- - 

I 
156833 40-41 - 8 1 6  -1 13.775 -3-01- 

r\) 
156838 40-41.861 -113.770 - 2 -  - 

--I 156841 40-42.166 -113.  715 -2- - 
I 

U 
1 PPB l 

1.47 
0.46 
0.50 
1 -26  
1.20 
1.67 
0.99 

(0. zi) 
0.87 
6 .93 
3.49 
1.07 
1 - 3 9  
2.0s 
0 .75  
0.62 
4 -60  
1.63 

13.93 
0.48 
0.95 
0.52 
0.50 
0.50 
0.60 
0.45 
0.56 
2.19 
3.06 
2.19 
2.33 
4.34 
3.27 
2.48 
1.54 
0.59 
2.49 
0.26 
0.27 
0-50 
0.29 
5.08 
4 -09  
1 -14  
4.44 

11.21 
0. 7 0  

<0.20 
0.57 
0.59 
1. 72  
7.69 
0 .93  
6. 7 3  

(0.20 

SECT lON 1 OF 3 
C 0 CF CU F E 

(PPBI  ( P P 8 )  IPPBI  (PPB)  
<2 1 0  C 2 5 2 

2 < 4 < 2 5 0  
< 2 < 4 <2 '. 4 7  

2 <4 C2 4 9  
< 2 <4 <2  4 4  

2 < 4 <2 . 5 0  
< 2 <4 <2 5 1 
< 2 <4  <2  1 1 5  
< 2 < 4 (2 4 7  

2 <4 <2 5 5 
2 8 (2 .  5 5 

<2  7 < 2 5 3 
5 2 1 8 3  3 0  <I 0 
<2 (4 <2 6 5 
< 2 < 4 < 2 5 0  
< 2  < 4 <2 5 6  
<2 <a. <2 5 6  
<2 < 4 < Z  5 0  

2 < b <2  4 7 
5 < 4 <2 4 7  

< 2 <4 <2 4 8 
< 2 (4 < 2 1 2 0  

2 <4 U 46  
2 <4 <2 4 4 

< 2  < 4 <2 4 1 
7 4 (2 4 4 
2 5 <2 s 5  

(2 <4 (2 <LO 
< 2 < 4 (2 (10  
< 2 <4 U *I 0 
<2 <4 <2  (10  

2 <4 < 2 < 10 
3 <4 (2 (10  

<2 < 4 <2 < I 0  
< 2  <4  2 c 10 

4 < 4 2 (1 0 
. 3  <4  (2 <LO 

3 < 4 2 < 10 
4 <a <2 < t o  
3 < 4 <2 1 4  

< 2 <4 (2  < I 0  
2 C (2 4 8  
2 7 <2 .6 9 
5 <4 <2 C 10 
2 <4 (2 <LO 

<2 <4 <2 < I 0  
< 2 < (2 4 1 
< 2 < 4 <2 4 8  

2 <4 U 4 1  
3 < 0 ( 2  4 9  

< 2 < 4 < 2 6 7  
< 2 < 4 <2 4 6 
< 2 <4 < 2 2 6 0  
< 2  < 4 < 2 4 7 
< 2 < 4 < 2 41 

TABLE A-V.  Analyses o f  wa te r  s.qmples 

5-a 



OR SAMPLE 
NUMBER 
156652 
156657 
156660 
156664 
156667 
156668 
156669 
156670  
156671 
156674 
156677 
156685 
156686' 
156687 
156690 
156692 
156695 
156696 

. I 5 6 7 0 3  
156711 
156713 
156718 
156723 
156725 
156732 
156733 
156736 
156744 
156746 
156748 
156753 
156755 
156757 
156759 
156762 
156764 
I 56766 
156770  
156780 
156786 
156788 
156793 
156795 
156797 
156799 
156811 
156820 
156822 

. 156823 
156826-  
156829  
156831  
156833  

I 156838  

5 156841 

RAFT R l  VER WATER 
K L I G 

( P P * )  l P P 8 )  (PPM) 
1 a6 10 10.1 
1.8 4 3.8 
2 .3  6 6.6 
1.0 4 6.2 
0 .9  4 5.4 
1.5 6 C. 3 
2 .9  I I e. 9 
3.8 - 4.0 
0 .6  4 .4.7 
3 .3  1 1  15.3 
3 .6  12 14.6 
0 .8  5 10.0 
0.2 b 2 . 8  
2.4 9 7 . 2  
1.9 6 7.4 
1.e 4 5. 1 
7.9 11 5.6 
1.6 3 3.0 
5.2 23 21.3 
0- 6 < 2 0.7, 
0 - 9  < 2 1.3 
2.2 <2 2.4 
0.8 <Z 0.7 
0 .5  <Z 0.4 
0.7 < 2 5.7 
0 .9  <2 1.3 
1.0 <2 1.1 
1 .3  3 3.3 
1.9 6 5.6 
2.6 6 7 -0  
2.3 8 9.5 
2.4 1 8  15.2 
2.8 11 10.9 
2.8 7 e.5 
1.8 5 3.4 
1.8 3 4.0 
2.6 3 5.1 
0.5 < 2  0 -4  
0 .7  <2  2.7 
0.9 < 2 0.9 
0 . 8  2 1.9 
1.7 3 4.2 
1.3 4 3.8 
1.0 7 1.9 
3.8 9 7.8 
1.8 I 1  10.2 
1.a < 2 2. I 
1.5 (2 1.7 
1 .0  < 2 1.6 

- 1 . )  . 2 2.0 
7.7 14 27.3 
2.5 7 6.0 
1.0 5 1.9 
3. L 9 3.9 
0.4 <2  0.4 

*N 

(PPB) 
< 2 
< 2 
<2 
(2  
< 2 
< 2 
< 2 

5 
<2 
U 
<2  
<2 

1019 
< 2 
< 2 
<2 
< 2 
<2  
<2 
<2 
< 2 

4 
<2 
< 2 
<2  
< 2 
<2 
(2  
<2 
<2 
< 2 
<2 
<2 
<2 
<2  
<2 
<2 
(2  
<2 

2 
< 2 
<2  
<2 
< 2 
<2  
<2 
<2 
<2  
< 2 
<2 

266 
< 2 
< 2 
< Z 
< 2 

TABLE 

NO 
IPPB) 

< 4 
< 4 

8 
4 

<4 
5 

<4 
< 4 

6 
<4 
< 4 

8 
5 
9 

. ' 6  
< 4 

8 
<4  

6 
<4 
< 4 
< 4 
<4 
< 4  
<4 

5 
5 

<4  
<4 
<4 
< 4 
< 4 
< 4 
< 4 
<4 
<4 
<4 
< 4 

4 
<4 
< 4  
< 4 
< 4 

< 4 
< 4 

. . < 4 
<4 
<4 
<4 

- <4 
. 14 

< 4 
<4 

7 
< 4 

A-V. Analyses o f  water 

SECTION 2 O F  3 
v v z n 

(PPB) (PPBJ (PPB) 
7 1 7 

< 4 1 , <+ 
< 4 < I  <4 
< 4 < 1 < 4 
<b < 1 < b 
(4  < 1 <a 
< 4 < I  <4 
< 4 < 1 <4  
< 4 < I  < 4 
<4 <1 <4 
1 I I <4 
4 I <4 

147  . 11 6 4  
<4 1 <a 
<4 < 1 < 4 
< 4 < 1 <4 

7 1 <4 
<4 < I .  <* 
< 4 <I 3 1 
< 4 1 <4 

5 1 < 4 
<4 < I  <4 
<4 1 <4 
<a 1 <4 
<4 < 1 < 4 

5 1 < 4 
< 4 <1 <4 
<4 < 1 <4 
<4 < I  <4 
< b < 1 <4 : 

<4 < 1 <4 ' 
7 1 <a 
7 < I  <b 

< 4 < I  <4 
<4 < 1 < 4 

4 < I  6 
< 4 <I <4 
<4 1 <4 
<4 < 1 < 4 

6 1 5 
(4 < 1 <4 
<4 1 <4 

9 1 <. 
1 <4 

1 4  < 1 < 4 
<4 <1 <4 
<4 < I  <4 
<4 < I  <a 
<4 < I  <4 
< 4 1 <a 
(4 < 1 <a 
<4 < 1 10. 
< 4 < I  < b 
< 4 < I  < 4 
<4 . < 4 



OR SAMPLE 
NUMBER 
156652 
156657 
156660 
1566 64 
156667 
156668 
156669 
156670 
156671 
156674 
156677 
156685 
156686 
156687 
156690 
156652 
1 56 695 
I 5 6 6 9 6  
156703 
156711 
156713 
156718 
156723 
156725 
156732 
156733 
156736 
156744 
IS6746 
156748 
156753 
156755 
156757 
156759 
156 762 
156764 
156766 
156770 
156780 
156786 
156788 
156793 
I W 7 9 5  
156797 
156799 
156811 
156820 
I56822  
156823 
l W 8 2 6  
156829 
156831 
156833 
156838 
156841 

RAFT RIVER WATER 
ZR ~n ec 

(PPB I (PPYI 
3 

< 2 
<2 
< 2  
< 2 

2 
< 2 
C 2 
< 2 
< 2  

5 
2 

3 7 
< 2 
<2 

2 
2 

< 2 
< 2 
< 2 

2 
< 2 
< 2 

2 
< 2 

3 
<2 
< 2  
< 2 
<2 
< 2  
< 2 
< 2 
< 2  
< 2 
< 2 
< 2  
< 2 
< 2 

4 
< 2 

2 
3 
2 

<2 
< 2 
< 2 
< 2 

2 
2 

< 2 
<2 
< 2 
<2 
<2 

BTDS ATCS 
SECTION 3, O F  ' 3  

35.20 
25.70 BTDS = Ca + K + Mg + Na + T i  + SO + C1 
21.70 4 
53.80 
27.70 
21.00 
84.80 

ATDS = BTDS + t o t a l  a1 k a l i n i t y  
120.40 . 

90.50 
150 -00  
220 .oo 
164.70 

BC = bicarbonate, anio'n 
126.90 

48.90 
42.30 
50.50 
13.80 
55.20 
24.60 
3 2  - 8 0 .  
61.50 
55.80 
49-40. 

1, i a. eo 
173.20 
29.. 10 
29.40 
25.60 
30  -30 

237.30 
73.70 
34.40 
77.30 
16.50 

TABLE A - V .  Analyses of 'wa te r  -janpl es 

6 - $  

- - 



RAFT RIVER WATER 
E D .  0 .  E. SAMPLE hUM8ER 
ST L I T  LONG L TY 2 E P  

4 0 - 4 2 . 2 9 1  -1 13 .543  - 3 - 0 1 -  
4 0 - 4 2 . 1 7 7  -1 13 .692  -3 -01-  
4 0 - 4 2 . 1 6 1  - 1 1 3 . 7 1 2  -2 -  - 
4 0 - 4 1 . 6 7 6  - 1 1 3 . 7 7 8  -3-  - 
4 0 - 4 1  - 6 7 1  -1 1 3 . 7 8 5  -3 -  - 
4 0 - 4 1 . 9 5 6  -113 .846  -3 -01-  
4 0 - 4 1 . 9 5 2  - 1 1 3 . e 4 4  -3- - 
40-$1 .  7 8 0  -1  13 .671  - 3 - 0 1 -  
4 0 - 4 1 . 7 8 3  -113 .684  -3 -01-  
4 0 - 4 1 . 7 9 1  - 1 1 3 . t 9 2  -3 -01-  
40-41 .784  - 1 1 3 . 7 0 2  -3-  - 
4 0 - 4 1 . 7 7 5  -113 .703  -3-  - 
4 0 - 4 1 . 7 7 5  -1  1 3 . 7 1 9  - 3 - 0 1 -  
4 0 - 4 1 . 7 8 7  - 1 1 3 .  722  -3 -01-  
40-41 .  8 5 0  -1 13. 509  -3 -01  - 
4 0 - 4 1 . 8 5 5  - 1 1 3 . 4 9 5  -3- - 
4 0 - 4 1 . 8 5 6  - 1 1 3 . 4 5 6  -3-  - 
4 0 - 4 l . 8 5 7  - 1 1 3 . 4 6 9  -3-  - 
40-41 .855  -113 .394  -3- - 
4 0 - 4 1  - 8 5 5  - 1  1 3 . 4 1 7  - 3 - 0 1 -  
40-41.e62 - 1 1 3 . 4 2 5  -3- - 
40-41 .862  -113 .  4 2 7  -3-  - 
4 0 - 4 1 . 8 4 7  - 1 1 3 . t 4 5  -3-  - 
4 0 - 4 1 . 8 5 4  - 1  13. C45 -3 -01-  
40-41 .861  -113 .621  -3-  - 
4 0 - 4 1  - 7 4 2  -1 1 3 . 7 2 2  -3- - 
4 0 - 4 1 . 7 3 9  - 1  1 3 . 7 3 4  -2 -01-  
40-41 .  7 2 8  - 1  13.  766  -3- - 
4 0 - 4 1 . 7 2 8  -113 .766  -3-  - 
4 0 - 4 1 . 7 4 4  - 1 1 3 . 7 7 3  -3- - 
4 0 - 4 1 1 7 4 3  - 1 1 3 . 7 7 3  -3-  - 
4 0 - 4 1 . 7 4 1  - 1 1 3 . 7 4 1  -3-  - 
40-41 .980  - 1 1 3 . 8 3 4  -3 -01-  
4 0 - 4 1 . 9 7 7  - 1 1 3 . 8 2 5  -3- - 
4 0 - 4 1 . 9 6 5  - 1 1 3 . e 1 7  -3-  - 
40-41 .950  - 1 1 3 . e o 4  -3- - 
4 0 - 4 1 . 9 4 8  - 1 1 3 . 7 9 1  --- - 
40-41 .  7 6 7  - 1  13. 768  -3 -01-  
4 0 - 4 1 . 7 7 2  - 1 1 3 . 7 7 2  -3- - 
4 0 - 4 1 . 7 7 8  - 1 1 3 . 7 8 6  -3- - 
4 0 - 4 1 . 7 7 8  - 1 1 3 .  7 5 8  -3 -01-  
4 0 - 4 1 . 7 7 4  - 1 1 3 . 7 5 1  -3 -  - 
4 0 - 4 1 . 7 6 2  - 1 1 3 . 7 5 5  -3- - 
4 0 - 4 1 . 9 3 1  - 1 1 3 . 7 7 6  -3 -01-  
4 0 - 4 1 . 7 4 6  - 1 1 3 . 7 0 0  -3-  - 
4 0 - 4 1 . 7 4 2  - 1 1 3 . 7 0 5  -3- - 
4 0 - 4 1 . 7 4 1  - 1 1 3 . 7 0 5  - 2 -  - 
4 0 - 4 1 . 1 4 9  - 1 1 3 . t 8 3  -3 -  - 
4 0 - 4 1 . 9 0 1  -1 13 .621  -3-  - 
4 0 - 4 1  - 7 1 2  -1 1 3 . 7 1 4  -3- - 
4 0 - 4 1 . 7 1 2  - 1 1 3 . 7 1 4  -3 -01-  
40-41 .880  - 1 1 3 . 4 5 1  -3- - 
4 0 - 4 1 . 6 8 8  - 1 1 3 . 7 9 1  -3- - 
4 0 - 4 1 . 9 6 7  - 1 1 3 . t 5 9  -3- - 
4 0 - 4 1 . 9 5 8  - 1 1 3 . 5 4 1  -3-  -Y 

TABLE A-V.  Analyses of viater Samples 



R A F T  R I V E R  WATER 
OR SAMPLE K L I N G 

NUMBER (PPMJ (PPBJ (FFNJ 
156849 2.6 3 2.0 
156858 2. 6 <Z 1.5 
156861 1.8 2 2.0 
158515 2.3 19 2 . 0  
15851 7 1.6 11 14.3 
158521 2.3 13 7.5 
158522 1.5  3 5.3 
158536 2.4 <Z 1.0 
158538 0.6 < 2 1.9 
158542 1.6 3 7.3 
158544 2.7  5 6.8 
158545 1. 5 5 5.6 
158546 1 .O < 2 2 - 2  
158548  1.1 2 2.2 
1585.50 . 1. 7 4 4.4 
158556 1 'a 8 4 4.8 
158562  0 .6  2 1.9 
158566 2 .7  8 5. 8 
158569 1.6 4 4.2 
158571  2 .0  7 '  7.9 
158572  :I .5 2 2.1 
158575 . 2.6 3 4.4 
158578 2.4 7 7.2 
158584  o .a 7 e. i 
158585 2.4 5 4.8 
158593 2.6 5 9.2 
158597  2 .3  3 3.6 
158603 3.6 6 5.6 
158605 3.2 8 5.4 
158607 4.3  5 6.4 
158609  , 4.3 8 9.6 
158613 3.7  4 2.7 
158616 1. 9 2 2.7 
158620  2.1  2 3.6 
158623 2.3 2 2.0 
158627 1. 2 (2 2.9 
158630  1.3 3 4.1 
158631  4.5  LO 10.7 
158634 2.2 6 4.7 
158637  2 .3  5 3.9 
158640  1.5 8 6.2 
158612  2.4 4 3. e 
158647 2.4 5 4.7 

'1 58657  13 .5  14 5.7 
158660  3 . 0  2 4.1 
158662 2.6 5 4.4 
158664 . 2.4 3 5.0 
158666  2 .9  3 7.2 
158669 6.9  14- 11.4 
158678  1. 7 2 2.9 
158680  1 9 3 2.9 
158682  1.5 2 2.3 

I 158695 ' 3 .7  14 7.3 
IU 158698  8 .7  18 14.9 
N 
4 

158707  3.3 21  17.2 

I 

5 C T  1 
(PPBt (PP8t  

CS <2 
4e (2 
5 3 <2 

112 < 2 
120  < 2 
5 7 1  <2 
U17 (2 

2 4 6 
4' <2 

131 <2 
E44 <2  
r ea < 2 

5s  <2 
74 < 2 

E 19 < 2 
1 I S  c2 

4 3  < 2 
12 1 < 2 
LOO <2 
24 7 <2 

5 4 < 2 
110 <2 
179  (Z 

214 <2 
129  <2 
1s 3 <Z 

86 <2 
103  < 2 

57  < 2 
115  C2 
1 El7 <2 

e 6  <2 
'56 <2 
7 0 (2 
6 9  <2 
5 2  < 2  

10s  <2 
194 <2 
l o e  < 2 

e 2 u 
128 (2 

39  < 2 
102 <2 
171 5 
150 < 2 
l a 5  c 2 

58 <2 
158  (2 
274  <2 

a5 < 2 
5 7 <2 
5 2 < 2 

114 (2 
328 (2 
3 0 7  < 2 

SECTION 2 O F  
v Y 

( w e t  (PPBJ 
<a < l  
<a < I  
<4 < 1 

4 < 1 
<4 < I  
<4 1 
< 4 < I  
< 4 < I  
< 4 <1 
18  I 

7 1 
< 4 < l  
<4 < I  
<4 <1 
<4 < 1 
<4 < 1 
<4 < I  

e (1 
<4 c1 
<4 < 1 
<* 1 
I 2  1 
9 1 

<4 < 1 
<4 < 1 

5 I 
<4 < I  
18 1 
10 < 1 
< 4 1 
<4 < I  
<4 < 1 
<4 <1 
(4 < 1 
<4 < I  

5 1 
<4 < I  
< 4 < 1 

5 < 1 
8 (1 

<4 < 1 
20 < I  
< 4 < I  
2 9 I 
<4 < 1 
<4 < I  
<4 < 1 

4 < 1 
14 < I  
( 4  < I  
< 4 1 

4 < 1 
<4 < l  
< 4 < I  
< 4 < 1 

TABLE A - V .  Analyses of water qamples: 

6-b 



R4FT RIVER W4TER 
D R  SAMPLE ZR PH 8C 

NUM8ER (PPBI ( PPM ) 
156849 < 2 
156858 C2 
156961 < 2 
158515 < 2 
158517 3 
158521 3 
158522 C2 
158536 CZ 
158538 2 
158542 3 
158544 9 
158545 C 2 
158546 <2 
158548 < 2 
158550 < 2 
158556 C2 
158562 < 2 
158566 < 2 
15 8569 (2 
158571 < 2 
158572 7 
198575 2 
158578 7 
158584 C 2 
158585 < 2 
158593 @ 

158597 < 2 
158603 6 
158605 < 2 
158607 3 
158609 (2 
158613 (2 
IS8616 < 2 
158620 < 2 
158623 < 2 
158627 3 
158630 (2 
158631 (2 
158634 < 2 
158637 3 
158640 (2 
158642 < 2 
158647 < 2  
158657 4 
158660 < 2 
158662 < 2 
158664 < 2 
158666 <2 
158469 < 2 
158678 2 
158680 7 
158602 < 2 
158695 < 2 

I 158698 3 
N 158707 
IU 

<2 

h) 
1 

A S  
IPP8)  

0.6 
0.5 

(0.5 
(0.5 
CO. 5 

0.8 
1 .o 

(0.5 
co. 5 
(0.5 
(0.5 
(0.5 
CO .5 
(0.5 

0.7 
1 - 8  

(0.5 
(0.5 
(0.5 
(0.5 
(0.5 

0.6 
(0.5 
(0.5 
(0.5 

S E 
IPPSI  

0.9 
0.4 
0.3 

(0.2 
(0.2 
(0.2 

0 .3  
0.2 

<0.2 
0.3 

(0.2 
(0.2 
(0.2 
(0.2 
co. 2 
0.5 

(0.2 
(0.2 
0.2 

(0.2 
(0 .2 
(0.2 

0.3 
0.3 

(0.2 

58.90 
72.00 BTDS = Ca + K + Mg + Na + S i  + SO4 + C1 

179.20 

(0.5 (0.2 7 8 1 178.90 
(0.5 (0.2 <5 32 79.40 ATDS = BTDS + t o t a l  a l k a l i n i t y  

109. eo 
149.80 

87.50 
BC = b i 'carbonate an ion  

TABLE A - V .  Analyses o f  wa te r  samples 



RAFT RI  VER bATER 
OR SAMPLE 0. 0. E. SAMPLE hUMBER 

NUMBER ST L A T  LONG L TY REP 
1 5 8 7 0 8  4 0 - 0 1 . 9 4 9  - 1 1 3 . 5 6 7  -2- -Y 
1 5 8 7 1 ~  4 0 - 4 i . e i 7  - 1 1 3 .  t i e  -3 -  - 
1 5 8 7 1 7  4 0 - 4 1 . 8 1 2  -113 .587  -3- - 
1 5 8 7 1 9  4 0 - 4 1 . 8 2 1  -113.t .4 -3-  - 
1 5 8 7 3 3  4 0 - 4 1 . 8 9 6  - 1 1 3 . 2 0 0  -3- - 
1 5 8 7 3 6  4 0 - 4 1 . 5 3 8  - 1 1 3 . 2 6 7  -3 -  - 
1 5 8 7 4 0  4 9 - 4 1  - 9 3 7  - 1 1 3 . 2 8 1  -3- - 

TABLE A-V.  Analyses of wa te r  samples 

7-a 

SECTION 1  3F 
C 0 CC CU 

I P P B I  ( P P B I  lPP8)  
< 2 < 4  < 2 

s e 5 
< 2 < 4 < 2  
< 2  < 4 < 2  

7  < 4 <2 
< 2 < 4 <2 

5  < 4  < 2 



RAFT RIVER WATER 
OR SAMPLE I( L 1 MG 

NUMBER (PPM) (PPB) ( P P * )  
158708 6 .7  26 24.2 
158712 4.3 , 15 11.8 
158717 3.1 P 10.7 
158719 2.4 7 12.8 
158733 2.5 5 14.4 
158 736 4.0  7 5.2 

158740  2.0 3 6.6 

SECT ION 2 JF 
v Y 

(PPB) ( P m )  
' <4 < 1 

I 2  6 
<4 (1 
<4 < 1 
<4 * 1 
< 4 (1 
<4 *I 

TABLE A-V. Anal.yses o f  wa te r  samples 

7-b 



OR SAMPLE 
MJMBER 
158708 
158712 
158717. 
158719 
158733 
158736 
158740  

RIFT RIVER WATER . ZR PH ec 
' (PPB) < PPM 

2 
8 

< 2 
(2  

' 3 
< 2 
< 2 

SE 
( PPB ) 

(0.2 
(0.2 
(0.2 
(0.2 

1 .4  
(0.2 
(0 .2  

SECTION 3 O F  . 3 

BTDS = Ca + K + Mg + Na + S i  + SO4 + C1 

ATDS = BTGS + t o t a l  a l k a l i n i t y  

BC = b icarbonate anion 

TABLE A-V.  Analyses of water samples 



SAMPLE GEO. SAMPLE GPO. SAMPLE GEO. SAMPLE tif 0: 
NUFlBER CODE - -  NUMBER CODE - -- NUMBER 5OI)E NUMUER COlIl. - 

TABLE A - V I . '  

PEA 
PEA 
PEA 
PEA 
PEE 
PEE 
QO 
PEA 
PEST 
PESS 
PEA 
PEA 
PEA 
TSL 
PEUN 
PEE 
PEE 
P a  
PEA 
PEA 
PEA 
Q AS 
P6E 
PAS 
P6A 
P €A 
PEA 
Q AS 
PEE 
.PEE 
PEE 
9 0  

!:A 
PESS 
ENS 
ENS 
OF 
MM 
MM 
MM 
MM 
WG 
WG 
PEE 
P €A 
PEA 
REOS 
PETR 
PCTR 
PEMI 
OP 
PEE 
QO 

!:A 
PEE 
PEMI 
PEE 
PEE 
PEMI 
PEOS 
P60S 
PEE 
QO 
PEE 
PEMI 
PEMI 
PEOS 
PEOS 
PEA 
PEUN 
PEE 
P6E 
PEA 
PEA 
WG 
ZHS 
PRO 
2HS 
TVG 
QF 
QF 
QF 
P6E 
QF 
OF 
XE 
OP 
OP 
ECB 
WG' 
WG 

PEE 
PEE 
PEE 
XE 
x i  
WG 
QF 
P6A 
PEA 
WG 
P ~ E  
PEE 
WG 
XE 
PEA 
PEE 
PEE 
P6E 
TSL 
PEA 
P6A 
PEA 
PEA 
PEA 
PEE 
XE 
QF 
TVG 
Q F 

t3: 
WG 
6 MP 
WG 
XE 
XE 
WG 
XE 
XE 
PRO 
OC 
OC 
XE 
XE 
WG 
XE 
WG 
WG 
W G 
WG 
PEE 
PEE 
6NS 
PEE 
P6E 
WG 
PEE 
QF 
9 F 
WG 
WG 
MM 
ZHS 
CO 
ZHS 
OP 
CD 
PEE 
WG 
WG 
ENS 
P6E 
WG 
6C8 
EMP 
6NS 
PEE 
P6E 
WG 
P6E 
WG 
WG ' 

QU 
QU 
6MP 
PO 
XE 
XE 
XUN 
XUN 
QU 
PO 
ENS 

PEE 
PEE 
PEA 
PEUN 
PECN 
PEUN 
PCUN 
PEE 
QO 
ECB 
ECB. 
PEY 
OP 
OP 
PESS 
PEY 
ECB 
EMP 
PESS 
PEUN 
PEY 
PEE 
PEE 
PEUN 
CCB 
PEUN 
P6Y 
ECB 
PEE 
PEE 
OP 
OP 
OP 
PCUN 
PGUN 
PEUN 
PESS 
6CB 
EMP 
6CO 
PGSS 
QO 
PEY 
PESS 
PEUN 
PEUN 
TSL 
TSL 
TSL 
6CB 
QAS 
EC8 
P6A 
PEA 
WG 
WG 
WG 
WG 
WG 
XUN 
XE 
WG 
GN 
MM 
QF 
P6E 
MM 
MM 
MM 
PEE 
MM 
EC8 
PEE 
XUN 
PEA 
XE 
P6E 
P6A 
WG 
WG 
PSA 
XE 
XE 
XE 
XUN 
TSL 
TSL 
ECB 
6CB 
WG 
WG 
WG 
PEE 

158546  PEE 
158548  PEE 
158550  PEE 
158556 PEE 
158562  QO 
158966 QO 
158569  PEE 
158571 P6E 
158572  PEE 
158575  QO 
158578  PEE 
158584 PEY 
158593  PRO 
158597 P6A 
158603  PEA 
159605  PEA 
158607 P6A 
158609 PEA 
15861  1 QAG 
158613 ECO 
158616  ECB 
158620  ECB 
158623  PEA 
158627 ECB 
158628  PEA 
158630 ECB 
158631 ECO 
158634  P6A 
158637 PEE 
158640 PEE 
158642 PEA 
158647 PEA 
158657 PEA 
158660  PEA 
158662 PEA 
158664 PEA 
158666  PEE 
158669 PEE 
150670  PEA 
158680  PEA 
158682 PEA 
158695  P6A 
158698  PCUN 
158707 QAL 
158708  VAL 
158712 QAL 
158717 PEA 
158719 QAL 
158733 QAL 
158736 QAL 
158740  PSOS 

Geologic un i t  code Index f o r  water samples 



CLUSTER DISTANCE 
a o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 .0.8 0.9 1.0 

I 1 I I 1 

L-U I 

L-SI 

L- K 

L- BA 1 - 

L-MA A 

L-CL 

L-L I I 

Figure A-1 . Cluster analysis (dendrogram) of correlation 
matrix for water samples 



Figure A-2, Logprobabili ty and logfrequency plots of uranium 
concentrations in water samples 



11'4' n I I I W  l l r w  . -. . . . . - ,,- .,.---, ..7 l i r a  - - . . , , , . . . . , . . . . 

Figure A-3, Areal d i s t r i bu t i on  of uranium concentrations 
i n  water samples 

RRFT R I V E R  PROJ 
GEOCHEHICRL PLO 
GROUNOWR l E A  
URFIU lun IPFHI 



Figure A-4. Aredl d i s  t r - ibu t ' iun  of  sudi UIII concentrat ions 
i n  water samples 



& ~ L ~ ~ ~ ~ ~ ~ L . K Z E L ?  . . 
BELL* 

*c*S.dnAdLE 5ETECTICN OZTECTlOh YINLMUN MAXIMUM 
EL: 4LNT V A L U S  S LL *I 1 LIMIT VALUE VALUE 

-- ----- -- -- --- 
J 6 1 7  0 . 6 7  1 0 2 . 8 0  

'P .\ 1 0 1 4  . . .  0 . 9 0  1 0 1  - 8 0  

U / T U  0 1 4  0 .13  1 . 7 t  
+ "  4 0 1 2  <2 . . .  < 2  I 2  
VL 6 1 a  I <0.05 . <O.Oa 1 7 . 0 0  

3 4 2 2  I 6 4  ( 1 0  (10 5 2 
2 4 0 1 5  . I < 2 3 5 2 5  <2 
s5 0 1 2  4 < I  '1 0 

c A 0 1 5  I t 0 . 0 5  c0.05 2.5.a8 
C J  a 73 4 3 <i. - <4 23  
C 2 0 1 4 .  2 < I  . . < I  . 2 2 9  
C u 0 1 3  7 < 2  . . <? 9 2 
F E  0 1  * 2 < 0 . 0 5  , t 0 . 0 5  0 . 5 0  
L 1 0 1 0  0 7 
4 G 0 1 3  I <O.OS (0.05 4 - 6 0  
'4 ,\ 5 1 4  - < 4 <4 4 0 7 5  
4 .I 3 0 1 3  < 4  <4 LO 
:( 4 o 15. 1 <0.05 <0,.05 1 4 - 3 0  
h 6 5;iJ 2 t (4 < 4  1 3 1  
h l 0 1  3 < 2 .< 2 7 9  

? 0 1 5  I < 5 <5 3 2 4 5  
SC 0 I I 2 < 1 < 1 2 1 
r n 01  I 5 < Z  (2 1 1 4  
T i  ' d l 4  2 < 10 <LO 1 4 3 6 4  

v 6 1 4  2 < 2 <2 1 7 5  
Y . 0 1 4  2 < I  < I  70 

LN 6 I 5  1 < 2  ( 2  3 3 0  
Zd 6 14  - 7 ( 2  < 2 1.38 

I( o I 6  0 .39  3 .40  
SN 0 1 5  I < I  < I  d 7 0  
SE . d l 2  4 < 10 <LO 3 3 0  

T Z A ~  5 7  5 7d.30 
r J T  2 9 1 8 4  9 6 4 6  

E K  3 0 .I 0.5  
CPh 2 33 2 5 8  - 
I3 3 1 .4 9.0 

CPU 2 2 0  5 4 
Z T n  3 ' 6 . 8  3 0 . 7  

c + r r (  2 I T  3 9  

CGEFFICl   EN^ 
5 1  ANOARC G F 

4EAN HEDIAh MODE D E V I A T I U N  VARIATION 

1 0 . 2 0 4  
LO. 1 5 2  

0. i e z  
5 . 3  
1 . 2 4 6  
0 . 7  

208 .7  
0 .6  
2 . 4 2 4  
3 . 0 '  

20.5 
10.5 

0 . 8 2 4  
9 .2  
O.4EE 

290.0  
2 . 1  
0 . 8 1 1  

13 .5  
10.5 

4 5 9 . 8  
2. e 
8. 5 

14G6.2 
21.7 

8 0 
2 7 . 1  
2 5 . 3  

0 . 3 t 6  
6 1 . 8  
3 5 . 7  

2 8 4 6 . 4  
2 2 6 . 7  

3.f I 
1 5 4 . 1  

.c.oe 
2 4 . 0  
1 2 . 3 e  
15. t 

L L u 4 t ' S F O f i * * L U Y -  
R - Q B U S  r 

MEAN S . 0 -  MEAN 5. D. 

Table B-I. Summary s ta t i s t i c s  for sediment samples 



L-U 

LUNT 

L-8 

L-ZR 

L-0A 

L-K 

L-CA 

L-*G 

L-SC 

L- v 

L-CO 

L -ca 

L-NI 

L-CU 

L -~ i  

L-ZN 

L -P 

L-v 

L-MN 

LTCM 

L-T I  

L-Tn 

L-CE 

L-AL 

L-MA 

L-OC 

L-N0 

L-SR 

L J N T  

L-E 

Notes : 
u.56.r. 
0. St... 
I 0 1 5 1  

( 1 )  Pearson cor re la t ion /Spearman c o r r e l a t i o n / s a m p l e  
s i z e .  I f  e i t h e r  element has c o n c e n t r a t i o n  l e v e l  

L-LA 

L-MG below t h e  d e t e c t i o n  l i m i t ,  i t  i s  o m i t t e d  f rom t h e  
p a i r w i z e  computat ion.  1.00 

6 CIS) 
L-SC 

0.43000 
0-54000 1.00 
( 614)  ( 6 1 4 )  

L-V 
0.52*** 0-87***  
0.58**0 0.€7*00 1-00 
4 614)  ( 6 1 4 )  I 614)  

( 2 )  S i g n i f i c a n c e  l e v e l s  : 

L-CO 

0.  Od. 
* . L a . *  
( 5 7 5 1  

L - C U  

J . J l * * *  
0 . 1 9 4 0 1  
I  C l b l  

L-LN 
J . e 9 . * *  
O . e 3 * * *  
( C l b l  

L-YN 

LTGM 

L-T I 

L-CE 

L-AL 

L-NA 

I . . , )  
( C l l l  

L-he 
1  .<,I **. 
. ~ . . r o r r .  L . .I,) 
( b J I J  1 5 S O J  

,->a 
U.27*.. 0 .  li... .,. l a . . .  ).is... 1.0) 
I C 1 2 1  I S C J J  I 6 1 5 1  

Corre la t i .on ma t r  
sediment samples 

i x  f o r  vari'abl es detemi .ned in  stream 
-232- 



OR SAMPL 
NUMBER 

1 5 4 0 2 3  
1 5 4 4 2 4  
1 5 4 4 2 5  
I 5 4 4 2 6  
1 5 4 4 2 7  
1 5 4 4 2 8  
I 5 0 4 2 9  
I 5 4 4 3 0  
1 5 4 4 3 1  
1 5 4 4 3 2  
1 5 4 4 3 3  
1 5 4 6 3 4  
1 5 4 4 3 5  
1 5 4 4 3 6  
1 5 4 4 3 7  
1 5 4 4 3 8  
l 5 4 4 4 1  
1 5 4 4 4 2  
1 5 4 4 4 3  
1 5 4 4 4 4  
1 5 0 4 4 5  
l 5 4 L 4 6  
1 5 4 4 4 7  
1 5 4 4 4 8  
I 5 4 4 4 9  
1 5 4 4 5 0  
1 5 4 4 5 1  
I 5 4 4  5 2  
I 5 4 4 5 3  
1 5 4 4 5 4  
1 5 4 4 5 8  
1 5 4 4 5 9  
I 5 4 4 6 0  
I 5 4 4 6 1  
I 5 4 4 6 2  
I 5 4 0 6 3  
1 5 4 4 6 4  
I 5 4  4 6 5  
l 5 a 4 6 6  
1 5 4 4 6 7  
I S 4 4 6 8  
1 5 4 4 6 9  
I 5 4 4 7 0  
l 5 a 4 7 l  
I 5 4 4 7 2  
1 5 4 4 7 4  
1 5 4 4 7 5  
1 5 4 4 7 6  
1 5 4 4 7 7  
I 5 4 4 7 9  
I 5 4 4 8 0  
l 5 4 4 d 2  
I 5 4 4 8 4  
1 5 4 4 9 6  
I 5 4 4 8 7  

RAFT RI'4ER - SEDIMENT 
.E 0. 0 .  E -  SAMPLE NUM8ER 
ST LAT LONG L T I  RE 
4 0 - 4 1 . 3 5 5  - 1 1 3 . 1 3 6  -3-15- 
4 0 - 4 1 . 8 3 7  - 1  13.146 - 3 - 1 5  
4 0 - 4 1 . 9 1 7  - 1  1 3 . 6 2 9  -3-15- 
4 0 - 4 1 . 9 4 8  - 1 1 3 . 5 8 6  -3 -15-  
4 0 - 4 1 . 9 4 8  - 1 1 3 . 5 7 0  - 3 - 1 5 -  
4 0 - 4 1 . 0 4 1  - l l 3 . 4 7 l  - 3 - 1 5 -  
4 0 - 4 1 . 8 8 5  -113 .612  -3 -15-  
4 0 - 4 1 . 8 8 9  - 1 1 3 . 6 1 9  -3-12-A 
4 0 - 4 1 . 8 8 2  - 1 1 3 . 6 3 5  '3-15- 
4 0 - 4 1  - 8 7 6  - 113.648  - 3 - 1 5 -  
4 0 - 4 1 . 8 6 5  -113 .644  -3-15- 
4 0 - 4 1  - 8 5 0  - 1 1 3 . 6 5 8  -3-15- 
4 0 - 4 1 . 9 4 1  -113 .711  - 3 - 1 s  
4 0 - 4 1  - 9 4 2  -113 .703  -3-15- 
40-41 .960  -113 .664  -3-15.- 
40-41  - 9 8 6  -113 .649  - 3 - 1 5 -  
4 0 - 4 1 . 9 2 2  -113 .467  - 3 - 1 5  
4 0 - 4 1 . 9 2 3  - 1 1 3 . 4 3 8  -3-15- 
4 0 - 4 1 . 9 1 8  - 1 1 3 . 4 1 5  -3-15- 
40-41 .918  - 1 l 3 . 4 1 4  -3-12- 
4 0 - 4 1 . 9 1 7  -113 .414  -3-15- 
4 0 - 4 1 . 9 0 5  - I  1 3 . 3 5 6  -3-82- 
4 0 - 4 1 . 9 1 0  - 1 1 3 . 4 0 8  -3-15- 
4 0 - 4 1 - 9 2 1  - L I 3 . 4 1 4  -3-15- 
4 0 - 4 1 . 9 3 1  - 1 1 3 . 4 5 5  - 3 - 1 5 -  
4 0 - 4 2 . 9 3 1  - 1 1 3 . 4 6 5  -3-91- 
4 0 - 4 1 . 9 2 9  -113.470 -3 -15-  
4 0 - 4 1  - 9 2 8  - 1 1 3 . 4 8 3  -3-15- 
+ 0 - 4 1  , 9 2 9  - 1 1 3 . 4 8 7  -3-12- 
4 0 - 4 1 . 9 6 2  -113 .452  -3-1%- 
4 0 - 4 1  - 9 5 2  - 1  13 .318  -3-12- 
4 0 - 4 1  - 9 4  I - l l 3 . 3 1 9  - 3 - 1 5 -  
4 0 - 4 1 . 9 4 8  - 1 1 3 . 3 1 5  -3-15- 
4 0 - 4 2 . 2 9 0  - 1 1 3 . 5 1 8  - 3 - 1 5 -  
4 0 - 4 2 . 2 9 4  - 1 1 3 . 5 3 5  -3-15- 
4 0 - 4 2 . 3 1 8  - I  13.603 - 3 - 1 5  
40-42 .321  -113 .652  -3-1 4- 
4 0 - 4 2 . 3 2 6  - 1 1 3 . 6 0 8  -3-15- 
4 0 - 4 2 . 3 2 9  - 1  1 3 . 5 9 6  -3 -15-  
4 0 - 4 2 . 3 3 3  - 1 1 3 . 5 6 9  - 3 - 1 5  
* 0 - 4 2 . 3 3 9  -113 .514  -3-15- 
4 0 - 4 2 . 3 3 8  - 1 1 5 . 5 4 2  -3-12- 
4 0 - 4 2 . 3 3 9  - 1 1 3 . 5 2 9  - 3 - 1 5 -  
4 0 - 4 2 . 2 5 7  - 113.632 - 3 - 1  5- 
4 0 - 4 2 . 2 4 1  - 1 1 3 . 7 1 5  -3-15- 
4 0 - 4 2 . 2 4 1  - I  13.719 -3-15- 
4 0 - 4 2 . 2 4 5  - 1 1 3 . 7 3 0  -3-15- 
4 0 - 4 2 - 2 4 8  - 1 1 3 . 7 4 l  - 3 - 1 5  
4 0 - 4 1  - 6 8 8  - 1 1 3 . 7 2 0  -3 -15-  
4 0 - 4 1  - 6 7 9  - 1 1 3 . 7 0 7  -3-12- 
4 0 - 4 1  - 6 9 2  - 1 1 3 . 6 9 7  -3-12- 
4 0 - 4 1 . 7 0 5  -113 .703  -3-12- 
4 0 - 4 1  - 7 0 6  - 1 1 3 . 7 0 2  -3-12- 
4 0 - 4 1 . 7 0 9  -113 .681  -3-15- 
4 0 - 4 2 - 1 3 4  - l I J . 6 1 I  -3 -15-  

2.7 2 .6  
3 7 .  38. 

2.3 3 . 6  
3. I 3 .4  
9 .8  I t .  
4  6  4 . 5  
2. I 3 . 7  
I .9 2 . 4  
3.0 4.4 
2. 6  4 . 2  
6 .8  7.8 
3 . 9  4.6 
5 .1  5 . 4  
3 . 8  4 .7  
3.2 3.4 
2.8 3 . 9  
3.0 3 . 5  
3. I 3.  I 
2 . 3  3. I 
6.1  7  5  
3 . 6  6 . 8  

11.  15. 
7.2 9 . 8  

16 .  It). 
4 .8  6 . 4  
I. 9 3 . 3  

AG 
I PPM 

< 2  
< 2  
< 2  
< 2 
< Z  
< 2 
< 2  
< 2 
<2 
( 2  
< 2 
< 2 
< 2 
< 2 
< 2 
< 2 
<2 
< 2  
< 2 
<2 
(2 
< 2  
< 2 
< 2  
< 2 
< 2  
( 2  
< 2  

TABLE 111.. Analyses of  sediment 

1 -a  

samples 



RAFT RIVER 
OR SAMPLE C U  

NUMBER I P P M )  I 
I 5 4 4 2 3  I 7  
1 5 4 4 2 4  I 0  
1 5 4 4 2 5  3 3  
1 5 4 4 2 6  2 0  
I 5 4 4 2 7  I 7  
1 5 4 4 2 8  24 
1 5 4 4 2 9  2  4  
I 5 4 4 3 0  I 7  
I 5 4 4 3 1  3 6  
I 5 4 4 3 2  25  
I 5 4 4 3 3  3 0  
1 5 4 4 3 4  3 0  
1 5 4 4 3 5  20 
1 5 4 4 3 6  34  
1 5 4 4 3 7  16 
1 5 4 4 3 8  2 2  
l 5 4 4 4 l  28 
I 5 4 4 4 2  2  2  
1 5 4 4 4 3  I 8  
1 5 4 4 4 4  I I 
I 5 4 4 4 5  2 9  
1 5 4 4 4 6  2  1  
1 5 4 4 4 7  4 2  
I 5 4 4 4 8  I 6  
1 5 4 4 4 9  2  4  

I 5 4 4 5 0  2 6  
1 5 4 4 5 1  2  4  
I 5 4 4 5 2  2  I 
1 5 4  4 5 3  
I 5 4 4 5 4  I 6  
1 5 4 4 5 8  29  
I 5 4 4 5 9  42  
1 5 4 4 6 0  3  4  
1 5 4 4 6 1  24 
I 5 4 4 6 2  2 0  
1 5 4 4 6 3  2  0  
I 5 4 4 6 4  8  
1 5 4 4 6 5  I 8  
1 5 0 4 6 6  2  7  
I 5 4 4 6 7  I 9  
I S 4 4 6 8  2 1  
I 5 4 4 6 9  2 3  
1 5 4 4 7 0  I 7  

/ 
1 5 4 4 7 1  22 
1 5 4 4 7 2  I I 
1 5 4 4 7 4  3 3  
I 5 4 4 7 5  2  l 
1 5 4 4 7 6  18 
I 5 4 4 7 7  2 8  
I 5 4 4 7 9  I 7  
1 5 4 4 8 0  17 
I 5 4  4 8 2  I 6  
I 5 4 4 8 4  I 2  
1 5 4 4 8 6  2 3  
1 5 4 4 8 7  I 6  

5 7 0  
8 9 0  
7 5 0  
7 0 0  
5 4 0  
C I O  
9 9 0  
2 9 0  
9 0 0  
8 5 0  
b o o  
4 5 0  
I 8 0  
4 6 0  
5 6 0  
3 8 0  
8 1 0  
5 7 0  
4  7 0  
6 0 0  
6 4  0  
6 3 0  
e c o  
4 1 0  
4 0 0  
4  7 0  

SECTION 2  ff J '  
r 1 v I 

( P P M J  ( P P M )  I P P M )  

2 2 0 0  5 4  '. I 7  
2 3 0 0  4  9. 1 6  . 

, 4 5 0 0  9 2  2 5  
2 2 0 0  5 3  1 7  
2 4 0 0  5 3  1 7  
2 4 0 0  6 4  
2 8 0 0  . 63 2 0  
2 6 0 0  6  1 2 1  
2 1 0 0  . 6 4  30 
2900 6 !i 2 9  
2 9 0 0  7 3  

. . 
2 2  

2 9 0 0  7 2  . 2 3 -  . . 
4 7 0 0 ,  , 6  8  3 0  
4 2 0 0  9 3  . 2 6  
3 4 0 0  bI 2 8  
2 7 0 0  5 8  2 2  
2 5 0 0  6  2  2 2  
2 8 0 0  7 I 1 9  
2 9 0 0  7 0  I 9  
2 0 0 0  52 22 
2 1 0 0  8 3  2  I 
2 7 0 0  8  0  15  
2 6 0 0  8 3  2 9  
3 1 0 0  7 7  2 9  
2 9 0 0  7  0  1 9  
1 6 0 0  4 2  . I 2  
2SOO 6 I 1 8  
2 2 0 0  5 6  1 8  

TABLE B-111. Analyses of sediment samples 

1-b 



OR S A M P L E  
N U M B E R  
154423 
154424 

, 154425 
154426 
15442.7 
154428 
154429 
154430 
154431 
154432 
154433 . 
154434 

. 154435 
, 154436 , 

154437 
154438 
154441 
154442 
I 5 r e 4 3  
154444 
I 5 4 4 4 5  
154446 
I 5 4 4 4 7  
154448 
I 5 4 4 4 9  
tsaeso 
154451 
154452 

1 5 4 4 5 3  
1 s i 4 s o  
I 5 4 4 5 8  
154459 
154460 
154461 
,I 54462 
154463 
154464 
154465 
154466 
154467 
1  54468 
154469 
154470 
154471 
154472 

.I 54474 
154475 
I 5 4 4 7 6  
154477 
154479 
154480 
154482 
154484 
I 54486 
I 5 4 4 8 7  

R & F T  R I V E R  - S E D I M E N T  
Z N Z R  . K 

I P P M )  I P P Y )  I X )  
6  0  6 3  1.4 
51. 5 5  1.1 
8  5  6 8  1.6 
80 7  9 1 :a 
69  5  2 1.3 

100 7 3 -  1.8 
79 96 2.0 
72 6 3  1.5 

160 9  2  1.8 
, 95 9  1 1.5 

120 94  I .8 
110. 8  5  1.7 

95 8  4  1  .8 
83 5  9  2.3 
el 7  8 2.3 
82 9  7  2.0 
75 56 2.0 

110 1.9 
79 : 1. 1.6 
67 46  2.0 
94 6 6  I .9 
88 54 2.1 

I 0 0  6  9  1.8 
79 5  1  2.5 
90 7  2 2.2 
91 49, 1.6 
e o 2.0 
88 I .8 

SECllQN 3 ff 3 
C E  T G A M  T O T  E  K  C P K  E U  C P U  E T n  cprn 

( P P M )  I C P S ) .  ( C P M J  (I) I C P M )  ( P P Y )  ( C P Y )  I P P M )  ( C P M )  
46 
4  5  
89 
4 8  
52 
6  5 
5  5  
72 
76 
7s 
7  I 

7  8  
130 
100 ' 

8  5  
7  2  
7  7 
8 6  
72 
66 
B e  

100 
100 

57 

8  3  
43 
7  I 
56 

TABLE R-111. Analyses of sediment samples 

1 - c  



OR SAMPL 
NUMBER 

I 5 4 4 8 8  
154489  
I 5 4 4 9 1  
154493  
154494  
I 5 4 4 9 5  
154496  
I 5 4 4 9 7  
I 5 4 5 1 5  
l 5 4 5 l 8  
1 5 4 5 1 9  
154521  
1 5 4 5 2 8  
154531  
154540 
I 5 4 5 4 3  
154545  
154548  
1 5 4 5 4 9  
1 5 4 5 5 6  
154560  
I 5 4 5 6 2  
154565  
I 5 4 5 6 7  
I 5 4 5 6 9  
I 5 4 5 7 0  
1 5 4 5 7 5  
154577  
154578  
1 5 4 5 8 0  
154582  
154583  
I 5 4 5 8 4  
1 5 4 5 8 6  
I 5 4 5 9 1  
154592  
154593  
154594  
I 5 4 5 9 8  
154603  
1 5 4 6 0 5  
I 5 4 6 0 6  
I 5 4 6 0 8  
I 5 4 6 1  1 
I 5 4 6 1 3  
151615  
l 5 4 6 L 8  
I 5 4 6 1 9  
I 5 4 6 2 0  
I 5 4 6 2 2  
154624  
I 5 4 6 2 6  
I 5 4 6 2 8  
I 5 4 6 3 1  
154632  

9AFT RIVER - SEDIMENT 
.E 0. 0 .  E. SAMPLE NU*BER 
ST LAT LONG L T I  REP 
40-42.128 -113.617 -3-15-  
40 -0000*0  -OO**OO* -3- - 
40-42.261 -113 -609  -3-15-  
40-42.264 -113.62-0 -3-12- 
40-42.253 -113.621 -3-15- 
40-42.254 - l l 3 . 6 0 7  - 3 - 1 s  
40-42.259 .- 113.599 - 3 - 1 5  
40-42.259 -113.576 -3-15- 
40-41.800 -113.664 -3-15- 
40-41 - 8 0 8  -113.6 lS -3-12- 
40-41 .a05 -113.594 -3-15- 
40-41.743 - l 13 .672~ -3 -L2 -  
40-4 L - 932  - I 1  3.596 .-3-12- 

-40-41.932 -113.561 -3-12- 
40-41.739 -113.759 -3-12- 
40-41.741 -113.750 -3-12- 
40-41.731 ' - 1  15.786 -3-12-. ' 

40 -41  - 7 1 8  -113.785 - 3 - 1 5  
40-41.708 - l l 3 . 7 9 I  - 3 - l $  
40-41.706 -113.734 -3-15- 
40-61.810 - l l 3 . 6 8 8  -3-12- 
40-41 -797  - I I J . 6 4 l  -3-15-  
40-41 a773 -113.649 -3-15- 
40-41.795 -113.626 -3-15- 
40 -41 -797  -113.602 -3-15- 
40-41.790 -113.593 - 3 - 1 5  
40-41.682 -113.724 -3-15- 
40 -41 -688  -113.726 -3-12- 
40-41 - 6 9 1  -1 13.724 -3- IS-  
40-41.702 -111.720 -.+I&?- 
40-41.709 -113.713 -3-12- 
40-41.990 - l l 3 . 8 l 7  -3-15- 
40-41 -994  -I 13.841 -3-15- 
40-41.983 -11~3.864 -3-12- 
40-41.959 -113.858 -3-15- 
40-41.814 - l l 3 . 6 5 4  -3-15- 
40 -41  -794  -1 l3 .660 -3-15-  
40 -41 -806  -113.662 -3-15- 
40 -41 .901  -113.769 -3-12- 
40-41.936 -113.789 -3-1 2- . 

40-41 - 9 5 2  -113.776 -3-12- 
40-41 - 9 6 1  -113.777 - 3 - 1 5  
40-42.286 -113 -571  -3-15- 
40-42.286 -113.586 -3-15- 
40-42 -284  -113.594 -3-15- 
40 -41  - 7 8 6  -11 3.591 -3-15-  
40141.770 -113.609 -3-15- 
00-41 - 7 5 2  - l l 3 . 6 1 6  -3-15-  
40-41 -750  -I 13.642 -3-15- 
40-41.757 - 1  13.664 -3-12- 
40-41.751 -113.677 -3-12- 
40-41.751 -113.687 -3-15- 
40-41 - 7 5 1  -113.693 -3-12- 
40-41 - 9 5 1  - 1  13.344 -3-91- 
4 D i 4 1  ,955 -143.356 -3-91- 

U-NT 
(PPMI 

4.0 
5. 7 
4 . 6  

13. 
3.7 
4.2 
4 . 8  
6 .4  
4.6 

' 5 . 8  
3.6 
6. I 
3.4 
6 .9  
9.8 

11. 
6. 7 
8.3 
9.4 
3 .2  
4.7 
4.3 
4.3 
4.4 
4 .8  
3 .9  
6 . 4  

3 6  
20. 
14. 
I b 

12. 
13. 
13-  
3 .4  
a. a 
4 . 3  
4 . 9  

12. 
4.9 

L 9. 
5 .8  
4 .6  
5 .2  
4 .3  
4.4 
4 .4  
3. 6 
3 .7  
3 .0  
3 0 
6 . 9  
3.5 
4 .4  
4 .  l 

TABLE B - I  I I. Analyses of  sediment samples 

. . 

SECTION I OF 
BE CA . . CO 

(PP*)  . ( X I  (PPMl 
2 112 8 
.3 I 16 6 
2 0179 9 
2 0.41 <4 
2 0.89 - 8 
2 1 .O ' 8 
2 0.98 9 
2 0 .69  7 
2 0.97 8 
2' 1.1 8 
2 4.2 4 
2 3.4' 7 '  
2 1.6 , 6 .  
2 113 7 
2 1.7 7. 
2 1.3 7 
2 1.8 . 13 
3 1.2 I I 
3 1.8 9 

< I  ' 23.  <4 
3 0 -95  7 
2 I. I LO 

. 2 1.4 I 1 
2 0.85 7 
2 0-97 7 
2 0.88 6 

2 1.3 5 
3 119 I I 
3 1.5 10 
2 I. 7 4 
2 1.6 7 
2 1.1 b 

2 1.2 6 
2 1.2 4 
I 4.7 <4 
2 0.88 7 
2 I .2 I I 
2 0.86 7 
3 114 8 
3 2.2 4 
3 2 -4  <4 

2 .  2.2 4 
0.61 '1 

2 0.63 
2 0.77 I I 
2 0.85 6 
2 0.81 7 
2 2.9 I 3  
2 1.1 8 
2 I- I 6 
2 119 9 
2 113 11 
2 1.4 9 .  
2 1.2 
2 I 1 2  7 



RAFT R I  
OR SAMPLE CU 

NUWBER (PPMl 
154488 2  2  
I 5 4 4 8 9  16 
154491 20 
154493 6  
154494 23 
154495 22 
154496 I 9  
154497 9  
154515 2  9  
I 5 4 5 1 8  2  1  
154519 I 2  
I 5 4 5 2 1  20 
154528 17 
154531 20 
154540 I 5  
I 5 4 5 4 3  25 
I 5 4 5 4 5  20 
154548 3  7  
154549 25 
154556 6  
154560 2  1 
154562 30 
154565 33 
I 5 4 5 6 7  I 7  
I 5 4 5 6 9  18 
154570 I 7  
154575 2  1  
154577 42 
154578 4  2  
154580 10 
154582 19 
I 5 4 5 8 3  2  0  
154584 13 
154586 14 
I 5 4 5 9 1  I I 
154592 21 
I 5 4 5 9 3  35 
154594 26 
I 5 4 5 9 8  15 
154603 I I 
154605 5  
I 54606 I 4  
154608 2  3  
15461 1  20 
154613 23 
154615 19 
154618 I 7  
154619 48 
154620 23 
154522 I 9  
I 5 4 6 2 4  3  0  
154626 32 
I 5 4 6 2 8  25 
I 5 4 6 3 1  25 
I 5 4 6 3 2  2  4  

VfR - SEDIMENT 
FE L I  

( X I  (PPH) 
2.9 33 
3.0 2  7  
2.9 2  7  
2.6 I 0  
2  - 8  30 
2- t 3  6  
2.3 2  8  
2  - 9  19 
3.0 4 9  
2. 7  3  4  
2.2 2 8  
3. C 2  6  
2.7 3  0  
2.9 43 
2.5 22 
2.6 4  1  
5.2 27 
3.8 3  8  
3 -  1  4 2  
0.68 19 
3.0 30 
3.2 4  1  
3. 6  3 5  
2. 8  3  3 
2.4 32 
2.1 35 
2.0 4  0  
2.5 4  0  
3.3 46 
2.0 2  3  
2.7 32 
2.4 3  0 
2.3 22 
2.0 3  1  
1.5 24 
2.4 2  7  
3.2 42 
2.7 32  
2.8 33  
2.0 3  6 
1.3 21 
2.0 34 
2.8 2  9  
2.9 2  4  
2.7 3 8  
1.8 27 
2. I 29 
4.2 2  8  
2.5 24 
2-4 24  
3.0 33  
4. I 32 
3.4 37 
2.7 3  4  
2.4 34 

SC 
( PPM 

8 
8  
8  
5  
8  
8 
7  
6  
8  
8  
8  
9  
9 
8  
8  
8  
9  

10 
9  
2  
8  
9  

I 2  
8 
8  
6 
5  
9 
9 
7  
8 
7  
6 
5  
4  
8  

1 0  
8  
7  
5 
4  
5  
9  
9  
8  
6  
6  

I 5  
8  
8  
9  

I 2  
I I 

8  
7  

TABLE B - I  11. Analyses o f  sediment samples 

2- b 



RAFT RIVER - SEDIMENT 
OR SAMPLE Z N  Z R K  

NUMBER M i  (PPM) ( X I  
1 5 4 4 8 8  74 8  1  2 .0  
154489 5 7  5  1  2.2 
I 5 4 4 9 1  65 7  4  2. I 
154493  22 18 2.7 
154494  86 5 8  1.8 
1 5 4 4 9 5  8  1  9 3  1.8 
154496  69 8 2  1.5 
154497  42 5  e  I. 8  
154515  I SO 74 2  .O 
I 5 4 5  I 8  79 8 0  1.5 
I 5 4 5 1 9  5 6  3  9  1.4 
I 5 4 5 2 1  7  I 2 5  1.4 
154528  72 4  0  1.5 
15453  1  75 3 2  1.7 
I 5 4 5 4 0  59 2  2  1.3 
I 5 4 5 4 3  8 8  8 3  1.3 
I 5 4 5 4 5  83 4  2 1. 1  
I 5 4 5 4 8  8  8  4  7  1.8 
1 5 4 5 4 9  7  7  JS I .5  
154556  2  2  4 0  0 .58 
I 5 4 5 6 0  75 2 8  2 .0  
154562  9 7  6  2 I .8 
I 5 4 5 6 5  88 4  I 1.3 
I 5 4 5 6 7  7  4  6  9  2. I 
I 5 4 5 6 9  7  4  6 4  I .7 
1 5 4 5 7 0  6  7  r e  1.6 
I 5 4 5 7 5  65  2 7  I .5 
I 5 4 5 7 7  110 2 3  1.4 
I 5 4 5 7 8  99 2 8  1.8 
1 5 4 5 8 0  50 1 b 1.9 
I 5 4 5 8 2  6 9  2 3  1.5 
154583  77 9 4  I .5 
154584  62 5 4  1.8 
154586  77 74 l - 8  
I 5 4 5 9 1  93 5 0  1  .O 
154592  6 8  6 e  1.8 
I 5 4 5 9 3  9 9  5 0  2.0 
I 5 4 5 9 4  79 6  1  2.2 
1 5 4 5 9 8  8  2  4 5 1.4 
I 5 4 6 0 3  6  4  2 8  1.4 
1 5 4 6 0 5  5  4  2 8  I .5 
I 5 4 6 0 6  7  0  5  4  1.8 
I 5 4 6 0 8  59 44 2 .8  
I 5 4 6  11 5  8  4 3  2.3 
I 5 4 6 1 3  77 5  4  2.3 
154615  60 6 3  1.6 
I 5 4 6 1 8  6 8  7  7  1.3 
154619  17 4 I 1 .  I 
1 5 4 6 2 0  7  I se  1.3 
154622  7  0  3  2  I .3 
154624  I I 0  4  4  1  4  
I 5 4 6 2 6  9  1  2  4  1.8 
I 5 4 6 2 8  99 35  1.5 
154631  85 6  2  2 .0  
1 5 4 6 3 2  86 7  3  1.8 

CE TGAH. 
IPPMI ICPS) 

6  7  
I 2 0  

- 86 
6'1 
73 
7  5  
t t . ,  
6 5  
6  8  
84 
7  9  
t c .  
8  1  
6 8  

'. 5 6  
7 2  
7  5 

7  1  
52 , .  , 

<LO 
LOO 

76 1100 
e4 
8 3  
e 5  

5  9 
9  0  
68 
8  4  

LC0 
a I 

160 ' 
89 
6  I 
3 7  
7  3  
7 9  
8 0  
7  9  

I I 0  
3 2 0  

8 2  
7 3  
8  3  
C 4  
6  0  
7  9  
7  9  

7 3  
.. 5  8  

4  4  
7 7  
E l  

I 0 0  
5  9  

TOT EK ' CPK E U  CPU 
(,CPMt ( X i  (CPM), (PPM) (CPY) 

TABLE 0-111. Analyses o f  sediment samples 



3 R  SIMP; 
NUIBER 

I 5 4 4 3 3  
1 5 4 6 3 4  
1 5 4 6 3 6  
1 5 4 5 3 7  
I 5 4 6 3 8  
1 5 4 6 3 9  
I 5 4 6 4 0  
1 5 4 6 4 1  
I 5 4 6 4 2  
1 5 b 6 4 3  
1 5 4 6 4 4  
1 5 4 6 4 5  
I 5 4 6 4 7  
1 5 4 6 4 8  
I 5 4 6 4 9  
1 5 4 5 5 0  
1 5 4 6 5 1  
1 5 4 6 5 2  
I 5 4 6 5 3  
1 5 4 6 5 4  
I 5 4 6 S 6  
1 5 4 6 5 7  
I 5 4 6 5 8  
1 5 4 6 9 9  
1 5 4 6 6 0  
1 5 4 6 6 1  
1 5 4 6 6 2  
L 5 4 6 6 3  
1 5 4 6 6 4  
1  5 4 6 6 5  
1 5 4 6 6 6  
1 5 4 6 6 7  
I 5 4 6 6 8  
I 5 4 6 6 9  
I 5 4 6 7 0  
1 5 4 6 7 1  
I 5 4 6 7 4  
I 5 4 6 7 5  
1 5 4 6 7 6  
1 5 4 6 7 7  
1545718 
1 5 4 6 7 9  
I S 4 6 9 0  
I 5 4 6 9 2  
1 5 4 6 9 4  
1 5 4 6 9 7  
1 5 4 6 9 9  
1 5 4 7 0 1  
1 5 4 7 0 3  
1 5 4 7 0 5  
1 5 4 7 0 7  
1 5 4 7 0 3  
l 5 4 7 l l  
1 5 4 7 1 4  
1 5 4 7 1 5  

RAFT R I V E R  - SEDIMENT 
. E  0 .  0 .  E .  SAMPLE NUMBER 
Sf L L T  LCNG L r Y  RE 
4 0 - 4 1 . 9 5 0  - 1 1 3 . 3 2 3  -3-91- 
4 0 - 4 1 . 7 5 3  - 1 1 3 . 3 0 0  -3-15- 
4 0 - 4 1 . 9 5 6  - 1 1 3 . 2 9 1  - 3 - 1 5 -  
40-41  - 9 6 3  - I L 3 . 2 8 1  -3-15- 
4 9 - 4 1 . 9 4 9  - 1 1 3 . 1 5 6  -3-15- 
4 0 - 4 1 . 9 0 6  - 1 1 3 . 1 3 9  - 3 - 1 5 -  
40-41  - 8 9 2  - 1 1 3 . l 3 6  -3 -15-  
4 0 - 4 1  - 6 6 5  - 1 1 3 . 1 3 6  -3 -15-  
4 9 - r l - 8 2 1  -LL3.192 -3 -15-  
4 0 - 4 1  - 8 1 7  - 1 1 3 . 2 4 2  - 3 - 1 5 -  
4 3 - 4 1  - 8 2 1  - 1 1 3 . 2 7 1  -3-15- 
4 0 - 4 1 . 6 7 1  - 1 1 3 . 2 5 2  - 3 - 1 5 -  
* 0 - 4 1 . 9 4 3  -113 .394  - 3 - 1 5  
4 0 - 4 1 . 8 5 9  - 1 1 3 . 4 2 2  -3 -15-  
4 0 - 4 1 . 8 6 7  - \ 1 3 . 4 2 0  -3-15- 
4 9 - 4 1 . 9 9 9  - 1 1 3 . 3 5 4  - 3 - 1 5 -  
4 0 - 4 1  - 9 8 8  - L I 3 . 3 5 3  -3 -  1 5 -  
4 0 - 4 1 . 9 3 3  - 1 1 3 . 3 5 3  -3-15- 
4 0 - 4 1 . 9 8 5  -113 .360  -3-15- 
4 0 - 4 1  .Pa3 - 1 1 3 . 3 7 4  -3-IS-- 
4 0 - 4 1  - 9 6 5  - 1 1 3 . 3 7 5  - 3 - i 5 -  
4 0 - 4 1 . 9 7 5  -113 .378  - 3 - 1 5 -  
4 0 - 4 1 . 9 8 5  - 1 1 3 . 4 0 5  -3 -15-  
4 0 - 4 1  - 9 6 7  - 1  13 .407  -3-15- 
4 0 - 4 1 . 9 6 2  - 1 1 3 . 4 1 5  - 3 - 1 5 -  
4 0 - 4 1 - 9 7 2  - 1 1 3 . 4 3 1  -3-15- 
4 0 - 4 1 . 9 6 8  - I l 3 . 4 4 1  -3-15- 
4 0 - 4 1  - 9 5 8  -113.454 -3-15- 
4 0 - 4 1 . 9 5 1  - 1 1 5 . 4 6 3  - 3 - 1 5  
4 b 4 L . P 4 8  - 113.472 -3-91- 
4 0 - 4 1 . 8 1 1  -113 .532  - 3 - l +  
4 0 - 4 1  - 8 1 6  -113.56.  -3-15- 
4 0 - 4 1 . 7 8 6  - 1 1 3 . 5 8 2  -).IS- 
4 9 - 4 1 . 0 2 2  - 1 1 3 . 6 1 5  -3-15- 
4 0 - 4 1  . 9 3 8  - 1 1 3 . 3 9 1  -3-15- 
4 9 - 4 1  a 9 3 1  - 1 1 3 . 3 4 6  -3-15- 
4 0 - 4 1  - 9 5 0  -113 .383  -3 -91-  
4 0 - 4 1 . 9 1 6  - 1 8 3 . 3 8 1  -3-15- 
40-41 - 9 5 3  - 1 1 3 . 3 6 9  -3-91- 
4 0 - 4 1 - 9 5 7  - 1 l 3 . 3 6 1  - 3 - 1 5 -  
4 0 - 4 1  - 9 6 2  - 1 1 3 . 3 8 3  - 3 - 1 5 -  
4 0 - 4 1  - 9 6 6  - 1 8 3 . 3 7 9  -3-15- 
40-41 .965  - 1 1 3 . 3 7 4  -3 -15-  
4 0 - 4 1  - 9 3 0  - 1 1 3 . 3 4 0  -3-15- 
4 0 - 4 1 . 9 2 2  -113 .331  - 3 - 1 5  
4 0 - 4 1 . 9 2 4  - 1 1 3 . 3 2 4  -3-12- 
4 0 - 4 1  - 8 9 4  - 1 1 3 . 3 2 2  -3-12- 
4 0 - 4 1  - 9 3 9  - 1 1 3 . 3 2 6  -3 -12-  
4 0 - 4 1  - 9 4 7  -113.4S4 -3 -11-  
4 0 - 4 1  - 9 4 3  - 1 1 3 . 4 2 9  -3 -12-  
4 0 - 4 1 . 9 3 5  - 1 1 3 . 4 2 8  -3-12- 
4 0 - 4 1 . 9 4 3  - 1 I 3 . 4 2 1  -3-12- 
4 0 - 4 1  - 9 4 3  - 1 1 3 . 4 2 0  -3-11- 
4 0 - 4 1 . 9 4 1  -113 .363  -3-12- 
4 0 - 4 1  - 8 6 8  - 1 1 3 . 3 4 1  -3-12- 

A G 
I PPM ) 

< 2  
< 2  
< 2 
( 2  
< 2  
< 2  
< 2  
< 2  
<2 
< 2  
( 2  . 
( 2  

' < 2  
<2 
< 2  
<2 
C2 
< 2  
( 2  
< 2  
(2 
< 2  
< 2  
< 2  
< 2  
< 2  
( 2  
< 2  
< 2  
( 2  
< 2  
(2 
< 2  
< 2  
< 2  
( 2  
< 2  
< 2  
< 2  
( 2  
(2 
C2 
< 2  
< 2 
<2 
< 2  
< 2  
<2 
< 2  
< 2  
( 2  
<2 
<2 
< Z  
< 2  

8A 
1 PPM I 

5 9 0  
59 0  
5 8 0  
5 4 0  
5 7 0  
6 4 0  
5 5 0  
3 8 0  
5 0 0  
5 5 0  
5 6 0  
5 LO 
7 0 0  
8 7 0  
7 3 0  
7 1  0  
6 7 0  
7 4 0  
6 7 0  
8 4 0  
7 9 0  
6 5 0  
6 5 0  
7 9 0  
6 6 0  
6 0 0  
4 8 0  
I TO 
6 5 0  
5 6 0  
4 3 0  
6 1  0  
6 8 0  
6 8  0  
7 3 0  
6 9  0  
8 0 0  
7 2 0  
7 0 0  
6 9  0  
6 6 0  
6 6  0  
6 8 0  
7 1 0  
5 7 0  
4 4 0  
6 2 0  
5 7 0  
7 7 0  
4 0  0  
7 5 0  
5 8 0  
6 5 0  
6 2 0  
5 4 0  

S E C ~ I O *  I 
C A  C C  

1 x 1  ( P P * )  
1.6 I 3  
1.6 I 5  
1.7 1 3  
1.8 I 9  
4.9 4  
8- l <4 
7.8 b 

6.0 4  
3 - 1  7  
7.1 5  

.3.8 6 
6 .3  5  
0  .a8 8  
0.22 < 4  
0.94 ' 6  
2 - 8  8  
I. I . 7  
1.2 7  
1  .o 9  
1.4 I I 
1.1 8  
1.3 7  
I , -5 1 1  
1  .o ' 8  
1 - 3  7  
6.4 6  

LO. 5 
16 .  < 4  

1.6 5 
2 - 2  6  
7.1 5  
5.4 6  
0.97 (I 

4.4 9  
0.71 9  
0 . 7 9  9  
1.0 8  
0164 8  
1.3 8  
0  - 9 7  10 
I. I + 
0.94 6 
1.6 9  
I .O 7  
0.89 10 
1.9 1 8  
1.8 I I 
I .5 I ?  
I. I a 
5.9 4  
0.98 8  
1 .o < 4  
1.3 5  
I. 5 9  
1.7 I 3  

TABLE B-111. Analyses o f  sediment samples 



R A F T  9 1 V E P  - SE3lUEhT 
O a  S4MoLE Cu F E L I 

YUUSER ( O P U )  ( X I  ( t J ? * 1  I 
1 5 4 6 3 3  3  4 3.8  34  
1 5 4 6 3 4  4  3  3 . 6  J  5  
I 5 4 6 3 6  4  5  3 - 7  3 4  
1 5 4 6 3 7  5 3  4 . 5  3  7  
1 5 4 6 3 3  14 1.e 3 3  
1 5 4 6 3 9  7  1 .3  6 6  
I 5 4 h 4 O  I 4 I .e 4  I 
l 5 4 b r l  I I 2 . 5  2  4 

1 5 4 6 4 2  I 7  2.7 2 3  
1 5 4 6 4 3  I S  1 . 5  4  0  
1 5 4 6 4 4  I 7  2.0 3 2  
I 5 4 6 4 5  14 1.8 2 3  
1 5 4 6 4 7  2 9  2 - 7  3  6  
1 5 4 4 4 8  7  1 .0  2 
1 5 4 6 4 3  2 5  2 .5  4 5  
1 5 4 6 5 0  I 9  2. E 3  7  
1 5 4 6 5 1  I 9  2.C 3 7  . 
I 5 4 6 5 2  24 2 . t  J 5  
1 5 4 6 5 3  2  4  3 . 0  3 2  
I 5 4 6 5 4  25  3 .2  3 4  
1 5 0 6 ~ 6  25  2.e 3  3 
1 5 4 6 5 7  3 3  2.4 3  4  
I 5 4 6 5 8  27 3 - 1  4  3  
1 5 4 6 5 9  34 3 .  I 3 5  
1 5 4 6 6 0  2  4  2 . 3  3 5  
1 5 4 0 6 1  1 7  2 . 3  3 8  
1 5 4 6 6 2  1 3  1.7 3  1  
1 5 4 6 6 3  4  o . e r  I S  
1 5 4 6 6 4  2  1  2.0 3  6  
1 5 4 6 C 5  2 0  2.0 3  4  
1 5 4 6 6 6  I 4  1.8 27  
1 5 4 6 6 7  2  I 2 . 0  4 4  
1  5 4 6 6 8  19 2 .3  2 6  
I 5 4 6 6 9  2  l 2 - 7  4  0  
1 5 4 6 7 0  2 2  2. e 4  7  
1 5 4 6 7 1  22 2 . 6  4  7  
1 5 4 6 7 4  2  1 2. f 4 8  
1 5 4 6  75  2 0  3 .1  4 0  
1 5 4 6 7 6  2 0  2.2 4 5  
1 5 4 6 7 7  3  1 2.7 4 3  
1 5 4 6 7 8  3 0  2.6 4  3  
1 5 4 6 7 9  2 7  2.6 4  3 
I 5 4 6 8 0  2 5  2.  C Jb 
I 5 4 6 9 2  2 I 2 .5  5  0  
1 5 4 6 9 4  2 5  3  - 4  4 3  
1 5 0 6 ~ 7  5  5 4. e  J 2  
I 5 4 6 9 9  6 7  3 . 3  3 9  
1 5 4 7 0 1  2 9  3 . 4  3  7  
I 5 4 7 0 3  2 6  3.5 3 9  
1 5 4  7 0 5  7  1.6 1 8  
1 5 4 7 0 7  2  2  3.0 3  7  
1 5 4  7 0 9  6  1. 5 I 7  
l 5 4 7 l l  A 2 . 0  2  4  
1 5 4 7 1 4  2 7  2. e  3  6  
1 5 4 7 1 6  2 3  3 . 8  3 I 

" 0 
I PPY J 

< 0 

< 4  
< 4  
< 4  
< 4  
< J 

< 4  
<4 
<4 . 
< 4  

< * 
<4 
< 4 

' < 4  
<4 
< 4  

' < 4  
< 4  
<4 
<4  
< 4  
< 4  
< * 
<4 
<'4 
< 4  
< 4 

<4  
' < a  

<4  
<4  

> < 4  

<4  
< 4  
<4 
< 4  
<a  
<4  
< 4  
<4 
<4 
<4  
<4 
< 4  
< 4  
<4 
< 4 

< 4  
<4 
<4 
<4 
< 4  
< 4  
<4 
<4 

F 

( P P *  I 
5 9 0  
9 6 0  
8 5 0  
8 0 0  
7 5 0  
4 2 0  
8 1 0  
5 5 0  

' 7 8 0  
8 t C  . 

IOJO 
6 5 0  - 
7 9 0  
4 2 0  

1 2 9 0  
I LOO 
9 2 0  

l,1 0 0  
I 4 0 0  
1 1 0 0  
1 0 0 3  
9 9 0  

1 3 0 0  
I 0 0 0  
LIOO 
6 8 0  
7  10 
5 8 0  

I 6 0 0  
1.00 
8 0 0  

1 1 0 0  
7 9 0  
a 4 0  

1 6 0 0  
1 C 0  0.; 
1400.  
1 1 0 0  
1 3 0 0 ,  
l OPO. 

8 5 0  
9 1 0  

, 1 2 0 0  
9 6 0  
9 3 0  
7 6.0 . 
r o o  
780. 

1 4 0 0  
I 2 0 0  
1 3 0 0  
1 2 0 0  
1 1 0 0  
7 5 0  

I 2 0 0  

TP,BLE B- I I I. Analyses of sed imen t  samples 

3- b 

S E C T I O N  2  ff 3 
I 1  V v 

( P P U I  ( P P U I  (PPrnI 
3 6 0 0  100  I I 
2 9 0 0  9  I I 7  
2 9 0 0  9 6 .  I 7  
3 4 0 0  I 2 0  I d  
1900 4  7  4 5  
1 6 0 0  2  8  2. 
1700 4 3  18 
5 3 0 0  6 0  10 
3 4 0 0  0 8  I 0  

2 0 0 0  4 9  LO 
2 3 0 0  5 3  16 
1 9 0 0  4  a  1 5  
2 9 0 0  6 6  17 

7 7 0  I 7  10 . 
2 7 0 0  5  8  I 8  
2  700  b  5  15  

2 6 0 0  b  1  19 
2 6 0 0  6  C I 8  
2 6 0 0  b 5  18 
2 I 0 0  7  2  I 8  
2 9 0 0  66 I 7  
2 2 0 0  5 8  2 5 
5 3 0 0  8  5 2  2  
1 1 0 0  6 s  2 4  
2 2 0 0  5  0 I ?  
I 8 0 0  5  t I b  
1 7 0 0  a. 13 

6 4  0  2  0  7  
2 0 0 0  7  5 2 3 
I 9 0 0  5 6  . 1 9  
1  6 0 0  4  I I J 
2  I 0 0  5 7  1 6  

2 8 0 0  5 6  2  I 
3 2 0 0  OS 2  > 
2 0 0 0  b S  17 
2 4 0 0  0  I 2 9 
2 7 0 0  6 2  I ?  
2 9 0 0  7  0  2 8  
2 3 0 0  5 8  15 
2 8 0 0  6 8  e l  
2 6 0 0  6  3 30 
2 7 0 0  6 5  2, I 
2.00 6 2 '  I 7  
2 4 0 0  s i  a s  
2 7 0 0  7  3 31) 

3 8 0 0  1 3 0  18 
3 3 0 0  t)O 16 
3 4 0 0  . ' B b  '~ 29. 

2 6 0 0  a s .  P 1  
1 4 0 0  113 - .  I 2  
2 5 0 0 '  , 5 5 .  . , 23, . . , . 
2 2 0 0  3 8  1 0  ' 

2 0 0 0  4  7 I 5  
2 7 0 0  2 3  
2 9 0 0  9  1  2 0  



OR SAMPLE 
NU*BER 
I54633  
I54634  
154636 
154637 
154638 
154639 
154640 
154641 
154642 
154643 
154644 
154645 
154647 
154648 
I54649  
154650 
154651 
I 5 4 6 5 2  
154653 
154654 
154656 
154657 
154658 
I 5 4 6 5 9  
154660 
154661 
154662 
154663 
154664 
L 54665 
I 5 4 6 6 6  
I 5 4 6 6 7  
I 5 4 6 6 8  
154669 
154670 
15467 l  
I54674  
IS4675  
154676 
154677 
I 5 4 6 7 8  
I 5 4 6 7 9  
I 5 4 6 8 0  
154692 
154694 
I 5 4 6 9 7  
154699 
I 5 4 7 0 1  
154703 
I 5 4 7 0 5  
I 5 4 7 0 7  
154709 
IS471  1  
154714 
15471 6  

R A F T  RIVER - SEO 
ZN ZR 

( P P M i  ( P P Y i  
e 4  7  o 
9 1  52 
e6 44 
93 49 
64 7  1  
51 I 3 0  
58 ,7 8  
5  7  5  8 
60 4  3  
68 72 
7  6  5  8 
62 5  9  
9  6  7  1  

22 . 9 
100 72 
8.4 7  9  
7  7  8  0  
89 8  0 
68 60 
6  8 '6 8  
9  I 8  1  
78 64  
74 5  7  
73 5  7  
96 75 
64 4  2  
48 4 2  
I 9  18 

150 7  1  
I 2 0  7  3  
58 4  6  

100 7  4  
69 74 
73 7  1  

L 00 8  3  
7  9  6  6  

100 7  3 
66 58 
82 70 
78 7 8  
7  2  75 
69 65  
8 5  C 5  
79 . 54 
78 3 6  
9  4  24 

1  LO 4 8  
3  7  

76 44 72 
38 3  7  
3 3 6  I 
30 4  9  
50 3 4  
61 49 
6 4  3 5 

S E C T I O N  3 OF 3 
C E  TGAM T O T  EK C P K  Ell  C P U  e rn  C P T M  

( P P M )  ( C P S I  ( C P N i  ( X i  ( C P M )  ( P P Y J  ( C P M i  ( P P Y )  ( C P M i  
e6 
46 . . 
3 8  
35  

0  
5 6 
4  1  
37 
4  5 
39 
53 
3 7  

67 . 
4 3 
t b  
70 
t e  
6 6  

. 84 
82 
69 
7 C 
6 5  

110 
56 
63 
5 5 
I 6  
42 
4 8  
42 
45 
? e  
92 
e o  
es 
6  1 
72 
6  2  
e 7  
8 6 
7  8  
7 4  
7  I 
7 I 
3  7  
38 
e 1  
e  e 
4  7  
e s  
7 8 
e c 
5  2 
57 

TABLE B-I1 I. Analyses of sediment samples 

3- c 



RAFT RIVEQ - SEDIMENT 
OR SAMPLE 0. 0 .  E. SAMPLE NUMBER 

NUMBER ST L I T  LONG L T I  REP 
154729 40-**b*bb - t *bbb* *  -3- - 
154730 40-41.883 -113-193 -3-15-  
154731 40-41.884 -113.177 -3-15- 
154732 40-41 - 8 7 2  -113.189 -3-91- 
I 5 4 7 3 5  40-41.887 -113.210 - 3 - 1 5  
154736 40-41.887 -113-211 -3-15- 
154738 40-41.884 -L13.214 -3-12- 
154740 40-41.882 -113-217 -3-15- 
154742 40 -o l .931  -113.253 -3-12- 
154744 40- 41 - 9 2 8  -113.206 - 3 - 1 5  
154747  40 -41 .921  -113.207 -3-12-- 
154749  40-41.926 -113.201 -3- - 
I 5 4 7 5 0  40-91.926 -113.201 -3-12- 
154751 40-41.922 -113.198 -3-15- 
154753 40-41.928 - l 1 3 . I 9 I  -3-15- 
154754 40-4 1.938 - 113.289 -3-91- 
154755  40-41.939 -113.356 -3-15- 
154757  40-41.941 -113.338 -3-12- 
I 5 4 7 5 8  40-41 ~ 9 4 7  -113.333 -3-15- 
154759 40-41 - 9 5 1  -113.289 -3-15- 
154760  40-41.948 -113.283 -3-15- 
I 5 4 7 6 2  40 -41  -947  -113.279 -3-15- 
154763 40-41 -947 -1 I3 .278  -3-15- 
154764 40-41.903 -113.270 -3-15- 
I 5 4 7 6 5  40-41.869 -113.242 -3-15- 
154767  40-41.871 -L13.254 -3-12- 
154769  40-41.874 -113.251 -3-12- 
154770  40-41 .898 -hl3 .287 -3-12- 
154773 40-41.898 -113-283 -3-12- 
154775  4 0 - 4 1 - 8 8 5  -113.258 -3-12- 
154777  40-41 -884 -LI3 .261 -3-12- 
I 5 4 7 7 9  40-41 - 9 0 3  -1 I3 .251 -3-12- 
154780  40-41.829 -El3.525 -3-15- 
154781 40-41 - 8 4 9  -113.553 -3-15- 
154785  40-41 - 8 4 5  -113.515 -3-12- 
154787 40-41 -817  -113.611 -J-12- 
154789  40-41.837 -113.619 -3-12- 
154792  40-42.315 -113.702 -3-12- 
154794 40-42.286 - 1  13.744 -3-12- 
154795 40-42.270 -113.723 -3-15- 
154796  40-42.261 -113.729 -3-15- 
154798  40-42.336 -113.694 -3-12- 
I 5 4 8 0 1  40-42.343 -1 I3 .517  - 3 - 1 5  
154802  40-42.340 -113.513 -3- 1 5  
154804 40-42.279 -113.566 -3-12- 
I 5 4 8 0 5  40-42.279 -113.537 -3-1 5- 
154806  40-42.265 -LC** * * *  -3-12- 
154808 40-42.140 -1L3.593 -3-15-  
154812  40-42.227 -113.580 -3-1 5- 
154814 40-42.269 -113.584 -3-15- 
l 5 4 R l 6  40-41.928 -113.557 -3-15- 
I 5 4 8 1 8  40-41.918 -113.562 -3-12- 
154820  40-41.917 -113.563 -3-12- 
154821  40-41.912 -113.559 -3-15- 
I 5 4 8 2 5  40-42.176 -113.678 -3-12- 

TABLE B-I I I .  Analyses of  sediment samples 

a- a 



OR SAMPLE 
NUMBER 
154729  
1 5 4 7 3 0  
154731  
1 5 4 7 3 2  
1 5 4 7 3 5  
1 5 4 7 3 6  
1 5 4 7 3 8  
1 5 4 7 4 0  
154742  
154744  
1 5 4 7 4 7  
1 5 4 7 4 9  
1 5 4 7 5 0  
1 5 4 7 5 1  
1 5 4 7 5 3  
1 5 4 7 5 4  
1 5 4 7 5 5  
1 5 4 7 5 7  
1 5 4 7 5 8  
154759  
I 5 4 7 6 0  
1 5 4 7 6 2  
1 5 4 7 6 3  
I 5 4 7 6 4  
I 5 4 7 6 5  
I 5 4 7 6 7  
I S 4 7 6 9  
1 5 4 7 7 0  
1 5 4 7 7 3  
1  54 7 7 5  
1 5 4 7 7 7  
I 5 4 7 7 9  
1 5 4 7 8 0  
1 5 4 7 8 1  
1 5 4 7 8 5  
1 5 4 7 8 7  
1 5 4 7 8 9  
1 5 4 7 9 2  
1547 94  
I 5 4 7 9 5  
1 5 4 1 9 6  
1 5 4 7 9 8  
154e.01 
1 5 4 8 0 2  
154804  
1 5 4 8 0 5  
1 5 4 8 0 6  
1 5 4 8 0 8  
154812  
154814  
I 5 4 8 1 6  
1 5 4 8 1 8  
1 5 4 8 2 0  
154821  
1 5 4 8 2 5  

RAFT RI 
CU 

IPPMI  

3  1  
9  

16 
44 
23 
24 
2  6  
35 
4  2  
8  1  

4  2  
38 
25 
29 
29 
22 
7  1  
27 
2  1  
22 
2  3  
2  4  
2  4 
16 
30 
<2 
57 
3  5  
38 
33 
20 
2  7  
18 
12 
19 
16 
10 
2  1  
I 6  
14 
2  1  
14 
21 
2  2  

8  
13 
12 
I 5  
22 
6 

15 
16 
9  

TABLE B-I I I. Analyses o f  sedi,ment samples 

4-b 



RAFT RIVER - SEDI 
OR SAMPLE Z N  Z R  

NUMBER IPPYJ IPPYJ 
154729 
154730 9  1  5  2  
I 5 4 7 3 1  39 3  8  
I 5 4 7 3 2  64 5 2  
154735 93 4  1  
154736 85 6 3  
154738 82 5 9  
I 5 4 7 4 0  100 6  4  
I 5 4 7 4 2  82 4  I 
154744 110 59  
I 5 4 7 4 7  90 3 4  
154749 
I 5 4 7 5 0  94 4  6  
l 5 4 7 5 l  89 3  3  
154753 82 53 
I 5 4 7 5 4  120 9 0  
154755 80 69  
154757 7  0  6 e  
I 5 4 7 5 8  9  7  8  0  
154759 98 8  1  
I 5 4 7 6 0  80 8  2  
154762 82 8  9  
I 5 4 7 6 3  85 8  8 
154764 82 8  5  
154765 74 38 
154767 63 4  I 
I 5 4 7 6 9  81 I 8  
I 5 4 7 7 0  6  (2 
I 5 4 7 7 3  I 00 2  8  
I 5 4 7 7 5  78 2  6 
I S 4 7 7 7  92 I 8  
I 5 4 7 7 9  75 2  9 
154780 69 4  3  
1 5 4 7 8 l  89 5  6  
I 5 4 7 8 5  92 3 5  
154787 5 7  48 
154789 76 6  2  
I 5 4 7 9 2  5  2  2 3  
154794 62 9  I 
154795 89  100 
154796 68 9  5  
154798 62 I 9  
154801 6 7  84 
154802 57 7  I 
I 5 4 8 0 4  7  7  2  8  
154805 78 8 5  
154806 42 I 4  
154808 5  7  4  2  
I 5 4 8 1 2  59 5  9 
154814 55 4  7  
154816 57 8  I 
I 5 4 8 1 8  34 27 
154820 59 26 
154821 60 4 2  
154825 77 2  1  

T G 4 M  TOT E  K  CPK 
(CPSJ (CPMJ IXJ ' ICPYI 

0. I 

TABLE 8-1 I I .  Analyses o f  sediment samples 



O R  SAYPI 
NUYSER 

154827 
154830 
154832 
154834 
154837 
154838 
154839 
154840 
I 5 4 8 4 2  
154843 
154844 
154849 
154850 
I 5 4 8 5 1  
I 5 4 8 5 3  
154856 
154857 
154861 
I 5 4 8 6 2  
154864 
154866 
154868 
I 5 4 8 7 0  
154871 
154872 
154873 
154874 
154875 
154876 
I 5 4 8 7 7  
I 5 4 8 7 9  
154880 
154882 
I 5 9 8 8 3  
IS4885  
154886 
154892 
154894 
I 5 4 8 9 5  
I S 4 8 9 6  
154897 
154898 
154899 
154900 
l 5 4 9 O l  
154904 
154905  
154906 
154907 
154909 
154910 
154911 
154912 
154914 
154916 

R & F T  RIVER - SEOIYENT 
.E 0 .  0 .  E. SAMPLE NUMBER 

S T  L I T  . LONG L T V  RE 
40-Q2.173 -113.671 -3-12- 
40-42. I 70 -113.691 -3-12- 
40-42.087 -113.696 -3-12- 
40-42.163 -1I3.70 I -3-12- 
40-42.321 -113.503 -3-1 5 
40-42.31 7 -113.506 -3-15- 
40-42.312 -113.515 -3-15- 
40-42.310 - I  13.520 -3-12- 
40-42.301 -113.529 - 3 - 1 5  
40-42.297 -113.533 -3-15- 
40-42.294 -113.545 -3-12- 
40-42.109 -113.187 -3-15- 
40-42.1 15 - l l 3 . L 7 0  -3-12- 
4 0 - 4 2 . l I 2  -1 I3 .150  -3-15- 
40-42. I I 2  -113 . l5 l  -3-15- 
40-41 -949 -1 13.349 -3-12.- 
40-41.954 -113.356 -3-12- 
40-42.196 -113.668 -3-12- 
40-42.204 -113.642 -3-12- 
40-42.211 -813.629 -3-15- 
40-42.215 -113.627 -3-12- 
40-42.223 -113.639 -3-12- 
90-42.105 -113.183 -3-12- 
40-42.243 -l13.606 -3-15- 
40-42.251 -113.607 -3- 15- 
40-42.247 -113.632 -3-15- 
40-42.248 -113.635 -3-15- 
4 0 - * * * * * *  - * * * * * * a  -3-15- 
40-42.239 -113.636 -3-15- 
4 0 - * * r r r *  - * r o e * + *  - 3 - 1 5  
b0-41.695 -113.736 -3-15- 
40-41.724 -113.b95 -+12- 
40-41.715 -113.691 -3-15- 
40-42.051 -113.691 -3-15- 
40-42.055 -113.670 -3-15- 
40-42.066 - I I J . 6 6 9  -3-15- 
40-42.211 -113.681 -3-12-  
40-a2.112 -113.762 -3-12- 
40-42.097 - 113.763 -3-15- 
40-42.080 -113.7S7 -3-15- 
40-42.061 -113.762 -3-15- 
40-42.039 -113.76l -3-15- 
40-42.028 -113.737 -3-15- 
40-42.028 -113.722 -3-15- 
40-42.043 -113.692 - 3 - 1 5  
40-42.055 -113.652 -3-15-  
40-42.027 -113.672 -3-15- 
40-42.009 -113.684 -J-15- 
90-41.781 -113.818 -3-12- 
40-41 -780 - 1 I 3 . 8 I 6  -3-15- 
40-41 ,657 -1 13.774 -3-1 5- 
40-41 -658 - 1  13.760 -3-1 5 
40-41 -659 -113.755 -3-12- 
40-41 - 6 5 9  -113.750 -3-12- 
60-41 -659  -113.750 -3-12- 

U-NT 
IPPM) 

7.7 
5 .8  
5.4 
3.9 
4.9 
4 - 6  
4.2 
5.5 
4.6 
4. V 

50. 
7.1 
9.3 
8 .6  
4. I 

52. 
49. 

9.0 
14. 

8. 1 
5 .7  

13. 
6.4 
4.4 
7.3 
2.9 
3.7 
5.2 

30. 
5.7 
4.4 

20. 
5. 8 
3.9 
3.4 
3.5 
8.3 
3 .7  
4.7 
6.6 
5.6 
5.3 
5.9 
3.5 
4.3 
3.5 
3.6 
3.2 

13- 
36. 

3.3 
33. 
64. 
26. 
34. 

A G 
I PPM ) 

< 2 
< 2 
< 2 
(2 
< 2 
<2 
<2 
<2 
< 2 
< 2 
< 2 

' <2 

(2 
< 2  
<2 
< 2 
<2 
< 2 
< 2 
.< 2 
<2 
(2  
< 2  
<2 
<2 
<2 
<2 
< 2 
(2 
< 2' 
< 2 
(2 
<2 
<2 
< 2  
(2 
<2 
< 2  
(2 
<2 
< 2 
<2 
< 2  
<2 
<2 
< 2 
< 2 
<2 
<2 
<2 
< 2 
<2 

' <2 
< 2 
<2 

BA 
I PPY) 
2400 

910 
550 
81 0 
83 0 
870 
770 
71 0 
670  
680  
510 
700 
7 0 0  
720 
780 
680 
720  
580 
750 
820  
82 0 
76 0 
760 
790 
76 0 
630  
630 
72 0 
roo  
670 
540 
61 0 
610  
910 
800 
790 
83 0 
670  
860 
770 
760 
860 
770 
870 
770 
690  
6 9  0 
770 
6 9 0  
710 

3000 
580 
54 0 
590 
8 10 

TABLE 8-1 I ' T .  Analyses o f  sediment samples 



OR SAMPLE 
NUMBER 
154827 
154830 
154832 
154834 
154837 
154838 
154839 
154840 
154842 
154843 
154844 
154849 
154850 
154851 
154853 
154856 
154857 
154861 
154862 
1548- 
I 5 4 8 6 6  
I 5 4 8 6 8  
154870 
154871 
154872 
I 5 4 8 7 3  
I 5 4 8 7 4  
I 5 4 8 7 5  
I 5 4  876 
I 5 4 8 7 7  
I 5 4 8 7 9  
154880 
I 5 4 8 8 2  
I 5 4 8 8 3  
I 5 4 8 8 5  
154886 
I 5 4 8 9 2  
154894 
154895 
154896 
I 5 4 8 9 7  
154898 
154899 
I 5 4 9 0 0  
I 5 4 9 0  1  
154904 
154905 
I 5 4 9 0 6  
154907 
154909 
I 5 4 9 1  0  
I 5 4 9 1  I 
154912 
154914 
I 5 4 9 1 6  

RAFT RIMER 
CU 

( PPY 
I 6  
I 9  
3  1  
I 5  
19 
2  0  
2  3 
25 
2  I 
27 
2  I 
10 
18 
27 
2  3  
26 
25 
87 

17 
8  

12 
I I 
I 6  
22 
I 8  
19 
2  3  

' 22 
. 20 

17 
50 
I 3  
2  1  
I I 
24 
29 
15 
25 . 
20 
14 
18 
I 7  
29 
20 
16 
I 9  
20 
23 
20 
28 
39 
33 
39 
25 
25 

* G 
( X I  
I. 2  
I. c 
I - 6  
0.59 
0.59 
0 - 7 0  
O.C7 
0.55 
0.18 
0.72 
0.so 
0  -32 
0.48 
0.53 
0  -62 
0.13 
0.73 
0.75 
1.1 
0.e5 
0.25 
0.28 
0.45 
0-C8 
0.65 
0- 73 
0.73 
0  -65 
0-71 
0.56 
I - 7  
0.77 
0.64 
0  -42 
0.60 
0.68 
0.54 
I. f 
0.54 
0.57 
0.51 
0.59 
0  -96 
0.74 
0.54 
0.63 
0.68 
0 - € 0  
0.S6 
0.50 
I .I 
0.63 
0.47 
0.54 
0.C3 

TABLE B-I I I .  Analyses of sediment samples 



RAFT RI 
OR SAUDLE ZN 

NUUBER I PPY). 
I 5 4 8 2 7  L O O  
154830  98 
154832  1 I 0  
154834 5 3  
154837 69  
154838 80 
154839 8  9  
154840 69  
154842 69  
I 5 4 8 4 3  82 
154844 78 
154849 34 
I 5 4 8 5 0  4  6  
154851 60  
I 5 4 8 5 3  85 
I 54856  70 
154857 65 
154861  I 7 0  
154862 77  
I 5 4 8 6 4  62  
154866  53 
154868  71 
154870  5  5 
I S 4 8 7 1  82 
154872  69  
154873 88 
154874  L 10 
l S 4 8 l S  14 
I S 4 8 7 6  80 
I 5 4 8 7 7  65 
I S 4 8 7 9  110 
154880  69  
I 5 4 8 8 2  74 
154883  67  
I 5 4 8 8 5  84 
I 5 4 8 8 6  130 
I 5 4 8 9 2  61 
154894 87  
I 5 4 8 9 5  80 
154896  64 
I S 4 8 9 7  7  9  
I 5 4 8 9 8  70 
154899 93 
I 5 4 9 0 0  8  0  
I 5 4 9 0  1  80 
154904 67  
154905  68 
I 5 4 9 0 6  8  3 
154907  83 
I 5 4 9 0 9  L O O  
154910  I 8 0  
l 5 4 9 l I  96 
154912  89  
15491 4  73 
154916  78 

VER - SE 
Z R  

I PP* 
'2 5  
3  I 
2 3  
3  4  
6 7  
69 
9  3  
8  I 
8  9  
8  4  
4  2 
3  I 
7 8  
4  5  

I 0 0  
4  6  
6 4  
89  
2 8  
2 I 
4 9  
2  9  
5  3  
8 4  
9 2  
8  5  
8  3  
7 4  
5 3  
8 4  
3 9  
19  
I 8  
3  8  
7  I 
6  8  
6 0  
26  
73  
6 7  
e 7  

100  
8 9  

I 3 0  
5 6  
7 6  
8  1  

L O O  
6  3 
6  9  
3 8  
4  0  
3  3 
17  
2  7  

C  E  
(PPM) 

260 
I 6 0  
I 3 0  . 
I 0 0  
6  6  
t S 
7  0  
6 6  
6  8  
6  8  
6  4  
t 4  
92  
e s  
6 2  
96 
e 6  
62 
5 2  

160 
LOO 
I 2 0  

72 
6  1  
73 
6  4  
6  C 
69  

110 
6  2 
4 7  
6  I 
$8 
8  8  
6  1  
6  4  
80 
8  1  
96 
S t  
78 

I 0 0  
87 
83  
e E  
7  8  
8  3  
6  7  
6  6 
64 
4  0  

I 3 0  
I I 0  

F8 
72 

SECTION 3 OF 3  
TGAM TO T  EK CPK EU CPU ETH CPTH 
ICPS) (CPM) 1%)  ICPY) I P P Y )  (CPYI  (PPY) (CPYI 

6900 
7200 
3600 
3300  
7200 
54 00 
3600 
3000 
2700 
3300 
39 00 

TABLE B-111. Analyses o f  sediment samples 

5- c 



OR SAMPL 
NUMBER 

I54920  
154922 
154923 
154924 
154925 
154928 
154930 
I 5 6 3 6 3  
156364 
156365 
156366 
156367 
155368 
156369 
156370 
156371 
I 5 6 3 7 2  
156373 
156374 
156375 
156376 
156377 
156378 
156379 
I S 6 3 8 0  
15638 1 
156382 
156383 
156384 
156385 
155386 
156387 
156388 
I 5 6 3 8 9  
156391 
156392 
156393 
156394 
156395 
156396 
156397 
I 5 6 3 9 8  
156399 
156400 
156402 
156403 
156404 
1564 06 
156410 
I 5 6 4 1 7  
1564 18 
156419 
I 5 6 4 2 1  
156422 
156423 

R A F T  R I V E R  - S E D I M E N T  
.E D. 0. E .  S A M P L E  NUMBER 
ST LAT L O N G  L T Y  R E P  
40-41.654 -113.739 -3-15- 
40-41.649 -113.739 -3-15- 
40-41 -652 -1 13.717 -3-15- 
40-41 -528 -113.716 -3 -15-  
40-42.296 -113.592 -3-15- 
40-42.250 -113.624 -3-15- 
40-42.283 -113.616 -3-12- 
40-62.269 -113.712 -3-15- 
40-42.236 -113.700 -3-12- 
40-42.219 -113.673 -3-12- 
40-42.223 -113.704 -3-15- 
40-42.231 -113.71 1 -3-15- 
40-42.252 -113.683 -3-12- 
40-42.255 -113.711 -3-12- 
40-42.264 -113.696 -3-15- 
40-42.277 -813.696 -3-15- 
40-42.266 - 1  13.677 -3-12-  
40-41.989 -113.867 -3-12- 
40-61 -985  -113.884 -3-12- 
40-41.959 -113.861 -3-12- 
40-41 -964 -113.837 -3- 15- 
40 -41  -975  -113.852 -3-15- 
40-41 -969  -113.870 -3-12- 
40-42.371 -113.590 -3-12- 
40-02.285 -113.629 -3-12- 
40-42.285 -113.627 -3-15- 
40-42.275 -113.612 -3-15- 
40-42.232 -113.599 -3-12- 
40-42.232 -113.620 -3-12- 
40-42.215 - 1 1 3 ~ 6 0 1  -3-15- 
40-42.213 -113.578 -3-15- 
40-42.208 -113.574 -3-1 5 
40-42.177 -113.598 -3-15- 
40-42.178 -113.617 -3-12- 
40-42.190 - 1  13.579 -3-15- 
40-42.200 -113.573 -3-LS- 
40-42.1 45 -113.608 -3-12- 
40-42.151 -113.628 -3-15- 
40-42.149 -113.632 -3-12- 
40-42.1 44 -113.676 -3-1 5- 
40-42.146 -113.663 -3-12- 
40-42.157 -11 3.674 -3-12- 
40-42-157 -115.663 -3-12- 
40-42.109 -113.685 -3-12- . 

40-42.120 -113.716 -3-15- 
40-42.112 -113.704 -3-15- 
40-42.111 -113.113 -3-12- 
40-42.147 -113.735 -3-12- 
40-42.134 -113.776 -3-15- 
40-42.083 -113.710 -3-15- 
40-42.081 - 1  13.694 -3-15- 
40-42.075 -113.698 -3-12- 
40-42.049 -113.712 -3-15- 
40-42-046 -113.731 -3-15- 
40-42.027 -113.716 -3-15- 

A t  
( P P Y  1 

<2 
<2 
< 2 
<2 
( 2  . 
<2 
< 2 
<2 
<2 
<2 
< 2 
< 2 
<2 
< 2 
< 2 
< 2 
<2 
< 2 
< 2 
(2 
<2 
< 2  
' 2 

< 2 
< 2 
< 2 
<2 
< 2 
< 2 
<2 
<2 
<2 

' '  <2 
< 2 
<2 
(2 
< 2 
< 2 
(2 
<2 
< 2 
< 2 
< 2 
<2 
< 2 
<2 
<2 
<2 
< 2 
<2 
<2 
<2 
< 2 
< 2  
<2 

TABLE B-111. Analyses of sediment samples 



OR SAMPLE 
NUMBER 
154920 
I 5 4 9 2 2  
I 5 4 9 2 3  
154924 
I 5 4 9 2 5  
L 54928 
I 5 4 9 3 0  
156363 
I 5 6 3 6 4  
I 5 6 3 6 5  
I 5 6 3 6 6  
I 5 6 3 6 7  
IS6368  
156369 
I 5 6 3 7 0  
156371 

' I 5 6 3 7 2  
156373 
I 5 6 3 7 4  
I 563 75 
156376 
I 5 6 3 7 7  
156378 
I 5 6 3 7 9  
156380 
IS6381  
156382 
156383 
156384 
156385 
156386 
I 5 6 3 8  7 
156388 
I 5 6 3 8 9  
156391 
I 5 6 3 9 2  
156393 
156394 
156395 
156396 
156397 
156398 
155399 
lSb400  
156402 
156403 
I 5 5 4 0 4  
I 5 6 4 0 6  
I 5 6 4 1 0  
156417 
I 5 6 4 1 8  
156419 
15642 I 
156422 
t 56423 

RAFT RlVEg - SEOLMENT 
C U  F E L 1 

(PDM) ( t )  (PPM) 
2 I 2.1 44 
35 3- I 44 

8 l .2 2 3 
23 1.2 3 0 
13 2.9 2 8 
2 0 2 ;  I 30  
I 5  2.4 2 6 
2 I 2.0 33 
22 2.8 3 3  
I 7 2.3 4 4 
I 9  2.4 4 I 
I 8  2.4 38 
18 2.7 33  
25 2.8 4 I 

22 2. I 38  
25 2.1 39  
19 . 1.9 33  
I 5  2.0 3 0 
I 3  1-8 27 
12 1.6 28 
23 2.9 43 
18 2.7 4 0  
I 6  I. 8 3 L 
8 1.6 I 7 

I 3  2.2 27 
C2 C0.05 2 
24 2.8 3 4 
13 2. I 2 4 
I 0  1.9 2 4 
2 1 2.5 3 2 
19 2.3 2 4 
I 7  2.4 27 
I 5  2.1 2 6 
I I 2.5 25 
I 8  2 -4  2 9 
I 6  2.0 29 
5 2.4 16 
8 2.5 2 3  
7 2.7 29 
9 2.8 3 3  

15 3.5 29 
I 4 3.8 3 0 
I I 3.6 2 4 
6 2.3 22 

I 5  2- 4 3 5  
9 2.9 2 6. 
9 3.5 22 

I 9  2.9 3 9  

15 2.3 2 7 
I 2  2.3 33 
I 3  2- I 4 I 
L O  1.9 32 
I 7  3.2 52 
6 1.5 2 0 

16 2.4 3 5  

SEC 1 
T I  

(PPY) , 
2100 
2500 
I 4 0 0  
I300  
3200 
2200 
3 LOO 
2600 
3600 
2900 
2800 
2900 
3600 
3000 
2400 
2300 
2100 
2200 
2500 
I 7 0 0  
3400 
2500 
1800 
2600 
3200 

<LO 
3500 
zeoo 
2900 
2900 
3000 
2800 
2600 
3300 
2700 
2600 
4 LOO 
3300  
3800 
3100 
5800 
7600 
5200 
3000 

. 2 5 0 0  
3600 
3900 
3900 
3400 
2500 
2100 
2400 

' 3 4 0 0  
I 5 0 0  
2700 

'ION 2 (F 3 
V T 

(PPMl (FPN) 
4 4 13 
8 1 22 
I 6 11 
I 7  8 
6 0  13 
6 I 2 3  
5 9 20 
5 6 19 
I 4  52 
5 7 3 5  
6 8  22 
6 2  . '27 

9 1  . 46 
7 2 2 7 
5 5 26 
5 5 21  
76 20 
4 5  PO 
4 0 a 
5 0  I 9  
6 4  2 0 
6 0 30 
58 20 
4 3  19 
5 3  24  
c 2  . < I  
7 0 2 7 
5 5  2 9  
50  JO 
6 3 19 
6 0  2 0 
6 0  20 
53  U " 

54 a6 
5 8  25  
5 4  18 
44 34 
5 1 21 
4 3  10 
48 2 8  
7 3 2 7  
7 7 U 
77  I6 
4 I 26  
46  21  
5 2 U 
8 5  26 
7 0 45 
5 6 18 
5 0  I 6  
3 I I 4 
4 I 22 
5 6 2 0  
2 8  21 
54 20 

TABLE B-I 1 I .  - Analyses of sediment samples 
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RAFT RI 
OR SAMPLE ZN 

NUMBER (PPMI 
154920 67 
154922 I 2 0  
154323 39 
154924 47 
154925 56 
154928 8 5 
1 54930  55 
156363 82 
156364 87 
156365 7 5 
156366 94 
156367 8 5 
156368 . 6 6  
156369 110 
156370 , I 1 0  
156,371 140 
156372 120 
156373 7 3 
156374 78 
156375 100 
156376 130 
156377 120 
156378 150 
156379 32 
156380 54 
156381 <2 
156382 75 
156383 52 
I 5 6 3 8 4  50 
156385 7 4  
156386 65 
156387 6 1 
156388 54 

156389 5 a 
156391 € 3  
156392 61 
1 563 93 4 0 
156394 56 
I 5 6 3 9 5  63 
156396 '72 
I 5 6 3 9 7  7 I 
156398 73 
156399 7 5 
156400 47 
156402 S 1- 
156403 58 
156404 63 
1 564 06 72 
I 5 6 4 1 0  ' 59 
156417 63 
15641 8 88 
I 5 6 4 1 9  65 
156421 1 L O  
156422 44 
156423 7 1 

IVER - SEDIMENT 
ZR K 

IPPMJ 1x1 
2 4 1.6 
3 6  1.7 
10 1.6 

7 2.0 
5 5 2 - 6  
.7 9 1.5 
3 4 1.6 
89  1.8 
7 8  1.7 
7 3 1 .8 
74 1.5 

L O O  1.6 
5 5 1.8 
64 1 .2 
8 0 1 .5 
7 3  1.6 
5 0 1.2 
76 1.7 

100 1.6 
5 7 I. 1 
8 5 1 .8 

120 2.0 
6 8 1 .O 
5 0 2.2 
4 6 2.0 
< 2 0.44 
7 I 1.6 
5 7 1.6 
72 2.1 
8 1 1.9 
9 6 1.7 
82  2.0 
8 8 1.7 
27 2.0 
95  1.6 
79  1.7 
2 1  2.0 
2 1 2.3 
3 0  2.0 
4 5 1.6 
3 2 1 .8 
3 0  1.6 
2 7 1.6 
I 8  1.7 
2 7 1.4 
24 I .S 
14 1.7 
8 7  l .5 
72 L.4 
66 1.9 
3 5  1.7 
6 4  1.7 
6 4 1 9 
I 4  I .4 
Be 1.8 

SEcr am 
TCAM , TOT EK C'PK EU cpu ETU CPTU 
ICPS) 1CPMJ 1 % )  (CPLI) (PPM) (CPYJ l P P * l  lCP*)  

TABLE B-I:I 1. Analyses of  sedi'ment samples 
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R 4 F T  RIVER - SEDIMENT 
.E 0. 0. E .  SACPLE NUMBER 
ST  L I T  LONG L TV  REP 
4C-42.023 -113.691 -3-15- 
40-42.063 -113.737 -3-12- 
4Ca-42.079 -113.767 -3-15- 
40-42.1 11 - 1  15.774 -3-12- 
60-42.121 - I I 3 . 7 7 0  -3-15- 
40-42.1 34' - 1  13.754 -3- 12- 
40-42.148 -113.165 -3-12- 
40-42.152 -113.782 -3-12- 
40-42.164 -1 13.785 -3-12- 
40-42.168 -113.772 -3-15- 
40-42.172 -113.766 -3-12- 
40-42.231 - l l 3 . 7 5 l  -3-12- 
40-42.064 -113.770 -3-15- 
40-42.056 -113.784 -3-12- 
40-42.065 - 1  13.802 -3-12- 
40-42.044 -113.811 -3-12- 
40-42.014 -113.777 -3-15- 
40-42.004 -113 -821  -3-15- 
40-42.061 - 113.849 - 3 1 %  
40-42.070 -113.852 -3-12- 
40-42.093 -113.871 -3-15- 
40-42.1 10 -113.877 -3-12-- 
40-42.1 16 -113.855 -3-15- 
40-42.104 -113.864 -3-12- 
40-42.109 - I 1  3 - 8 5 5  -3-1 2- 
40-42.195 -113.773 -3-15- 
40-42-184 -113.768 -3-15- 
40-42.184 -113.727 -3-15- 
40-42.205 -113.739 -3-15- 
40-42.204 -1  13.722 -3-12- 
40-42.214 -113.715 -3-12- 
40-42.222 -113.731 -3-15- 
40 -42 .227  - l l 3 . 7 4 l  -3-15- 
40-** . * **  -******* -3- - 
4 0 - * * * * * *  - * * * * *e *  -3- - 
40-41.872 -113.576 -3-12- 
40-41 - 8 7 9  -113-552 -3-12- 
40-41 -885 -113.537 -3-12- 
40-42.467 -113.636 -3 -15 -  
a0-42.411 -113.659 -3-15- 
40-42.397 -113.666 -3-12- 
40-42.379 -113.692 -3-15- 
40-42.377 -113-689 -3-15- 
40-42.361 -113.720 -3-15- 
ro-42.236 - I I J . S ~ I  -3- - 
40-42.067 -113.659 -3-15-  
40-42.061 - 1  13.661 -3-15-  
40-42.077 - I  13.644 -3-1 5- 
40-42.041 -113.660 -3-15- 
40-42.061 -113.737 -3-15- 
40-42.101 -113.632 - 3 - 1 s  
40-42.287 -113.666 -3- - 
40-42.2.81 -113.659 -3-12- 
40-42.291 -113.674 -3-12- 
40-42.305 - l l 3 r 6 6 9  - 3 - 1 5  

U-NT U / T U  
( P P M )  ( 

4. I 0.60 
5.0 0.54 
4 . 2  0.67 
7.4 0.41 
4 .0  0 .68 
4. 6 0.56 
3 .7  0.56 
6 - 3  0.44 
6 -  6 0.49 
4.0 0.78 
5 .2  0.59 
2.5 0 74 
7.8 0 .48  

10. 0 .30 
5.7 0.26 , 

8.  I 0. I 8  
8.4 0.36 ' 

5 .0  0.50 
7.5 0.77 
4 2 0.76 
5.2 0.97 
5.0 0.51 
5 .7  0.68 
4.3 0.27 
7.6 0.31 
3.2 0.87 
3.7 0 .73 
2.9 0.89 
8.0 0.88 
4. I 0.87 
4.0 0.86 
2.4 0.90 
2 .8  0.69 
4.2 0 .59 

BA 
( PPM 1 

70 0 
1100  

830  
64 0 
6 6 0  
620  
5 9  0 
400 
6 1 0  
770 
6 6 0  

1100  
850 .  

I 3 0 0  
1600  
1500 
1100 

710 
I 4 0 0  
1000 
8 0 0  

1 I 0 0  
8 7  0 

1400 
I 0 0 0  
8 2 0  
7 8 0  
6 2 0  
6 9 0  
9 0 0  
7 7 0  
6 9 0  
6 6 0  
6 9 0  

17  
6 3 0  
510 
570  
9 3  0 
2 1 0  
3 2 0  
I 8 0  
2 3 0  
830  
770 
80  0 
6 4  0 
9 4 0  
730  

1100 
9 2  0 
450 
58  0 
68  0 
7 0 0  

S E C T I W  I R 
CA C O  

1.) L P P M I  
3- 0 6 
I .3 <4 
2.0 7 
2.8 6 
1 -6  9 
2.2 9 
2.0 . I 1  
2 -5  <4 
2. I <4 
1.1 7 
1.5 6 

12. 6 
I -4  6 
1.7 < 4 
2.4 < 4 
1-8 <4 
1.6 4 
2.0 . 5 
1.5 7 
1. I 4 
0198 5 
3.9 <4 
0.93 10 
1.7 c 4  
2.0 4 
I r l  7 
1.0 7 
31 6 I 7  
1.8 9 
I .5 8 
1.8 8 
5.0 7 
3.8 8 
2 -3  9 

19. (2  
1.4 5 
0.47 6 
0 .42 9 

171 7 
6.9 4 
0.26 4 
0.14 < 4 
0.20 <4 
0.93 8 
0.- 8 
I .2 6 
Ir 1 7 
3.2 6 
4. I 6 
1.7 4 
1.7 5 
0.38 . 6 
0.51 10  
0 -53  12 
0.47 9 

TABLE B-111. Analyses o f  sediment samples 
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RAFT RIVER - SEOIMENT 
OR SAMPLE C U  FE L1 

NUMBER (PPMJ ( X I  (PPMJ 
156424 19 2.3 3 5  
156427 7 1.5 25 
15642 8 17 2.6 4 0 
156429 13 4.3 3 0  
156430 2 1 2.8 2 9 
156431 20 3.7 3 1 
156432 I 5  4.2 2 3 
156433 4 2.9 14 
156434 7 2.9 2 0 
156435 18 2.2 27 
156436 1 I 2.6 2 0 
I 5 6 4 3 7  8 2.5 I 9  
I 5 6 4 3 8  16 2.2 3 2 
156439 9 1 7 2 5 
155440 4 1.3 2 1 
156441 6 1.5 29 
156442 I 2  1.0 31 
156443 1 I 1.9 2 5 
156445 13 2.8 3 3 
156446 I I I. 7 2 9 
156447 19 2.5 33 
I 5 6 4 4 8  7 1.6 2 9  
I 56450 26 3.2 4 7 
156451 5 1.4 33 
156453 9 2. I 2 7 
156456 I 5  2.4 3 0 
156457 22 2.3 3 I 
156458 32 6.3 3 6 
156459 26 3.0 36 
156460 14 3.7 2 I 
I 5 5 4 6 2  I 4  3.4 22 
156464 21 2.5 32 
I 5 6 4 6 5  20 3.1 32 
I 5 6 4 6 6  9 4. I 15 
I 5 6 4 6 7  <2 (10 3 
156469 8 1.9 4 3 
156470 21 2 - 5  30 
156473 19 3 - 2  I 9  
156482 15 2.1 3 3  
156483 I 3  1.2 9 
156485 9 2.0 I 0  
156487 5 0- 70 7 
I 5648 8 9 1.4 I 1  
I 5 6 4 9 4  2 3 2.5 32  
156504 IB 2.3 2 7 
155517 22 2.3 3 5 
156518 3 4 2.5 44 
156519 I 4  2.2 3 9  
15b520 14 2.2 32  
156521 16 2.0 3 5 
155523 L O  2.3 2 8 
156524 10 2. I 21 
156525 15 3.7 3 I 
156526 34 4.0 33  
156527 2 4 4 - 2  3 7  

SECT 1 
T I  

(PP*) 
2700 
2200 
3000 

11000 
4600 
6100 
9100 

11000 
8800 
3100 
4400 
1300 
2900 
2900 
1700 
2100 
2700 
2500 
2100 
2100 
2700 
ZIOO. 
3200 
1500 
2900 
2900 
3000 
9800 
3300 
5700 
5200 
2400 
3600 
4500 

<2 
1900 
2100 
2900 
1400 
730  

3200 
730 

I 4 0 0  
2800 
2600 
2700 
3300 
2400 
290 0 
2300 
3800 
4500 
5800 
5500 
BIOO 

TABLE B-111 . Analyses o f  sedi'ment samples 



RhFT RIV.ER - SEDIMENT 
OR SAMPLE ZN ZR K 

NUMBER ( PPYI  (PPY I (XI 
l 56424 69 6 7 1.7 
156427 4 3 4 9 2.2 
1 56428 65 7 5  '1.9 
I 5 6 4 2 9  7 I 3 I 1.7 
156430 70 64 1.4 
156431 7 1 27 1.4 
156432 66 3 2  1.2 
I 5 6 4 3 3  48 25  . 0 . 8 9  
156134 45  . 25 1.6 
156435 59 6 6 1.7 
156436 44 26  1.7 
156437 150 2 2  0.68 
156438 74 8 1 l .5 
I 5 6 4 3 9  56 5 5 1.9 
15644 0 44 I 7  . 1.6 
156441 52 4 I I .9 
156442 6 3 6 6  1.8 
156443 65 9 1 I .3 
156445 80 . 6 8  I .4 
156446 54 5 5  1.6 
156447 94 1 3 0 .  1.4 
T56448 55 3 7 1.6 
156450 97 94  1.7 
156451 58 I 6 2.0 
156453 54' 2  1 1.5 
156456 67 9 0 1.4 
156457 77 80  1.4 
156458  130 3 3  I .2 
IS6459  76 6 8  1.2 
I 5 6 4 6 0  6 4 7 1.7 
156462 66 2 I 1.4 
156464 130 5 e  1.1 
156465 140 6 1 1.2 
I 5 6 4 6 6  42 I 0  2.3 
156467 4 < 2 2.3 
156469 52 I I 1.5 
I 5 6 4 7 0  57 2 3 1.7 
l 5 6 4 T 3  63 6 1.8 
156482 62 16 I .I 
156483 15 2 0 0.56 
156485 2 4 13 1 .2 
I 5 6 4 p 7  I 3  I 3  .0.61 
l 56488 2 7 I 3  0.87 
156494 85 6 2 2.1 
I 5 6 5 0 4  68 7 4 1.5 
156517 9 1 8 3 1.4 
156518 87 . 9 7  2.0 
15651 9 96 5 5 1.8 
I 5 6 5 2 0  72 8 6  1.6 
156521 94 5 6 1.9 
I 5 6 5 2 3  C 4  42 1. 8  
156524 43 53  1.2 
I 5 6 5 2 5  80 3 5 1.6 
156526 8 1 5 8  1.9 
156527 S 8 56 2.0 

Y C T t Q N  3 ff 3 
CE TGAM . . l o r  E K CPK EU CPU ETH CPlU 

(PPHI (CPSI (CPMI ( X I  (CPYI IPPY) I W Y J  1PPMJ (CPYJ 

e 2 
100 

9 8 
160 

8 7 

. 
7 4 

110 
160 

96 
I 2 0  

4 9 
1 L O  

92 
92 . . 
8 0 

120 
81  - - 

120 , . . . 
6 9 
7 2 
89 
7 2 
7 6 
98 
76 
87 
8 9 
72 

I 2 0  
I L O  

58 
7 8 

I I 0  
(30 

8 1 
S C  
87 
46 
2 7 
5 3 
2 5 
3 5 
93 
.88 
7 4 

100 
7 4 
7 5 

110 
I SO 

7 2 
6 4 
9C 
72 

TABLE B- 1'1 1'. Analyses o f  sediment samples 
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RAFT RIVER - SEDIMENT 
OR SAMPLE 0 .  0.  E. SAMPLE NUMBER 

NJMBER ST LA1 LONG L T I  REP ( 

156528 40-42.277 -113.659 -3-12- 
156529 40-42.290 -113.674 -3-12- 
156532 40-42.123 -113.729 -3-15- 
156535 40-42.155 -113.724 -3-12- 
156537 40-42.187 -813.694 -3-15- 
156538 40-42.172 -113.728 - 3 - 1 5  
I 5 6 5 3 9  40-42.167 -113.731 -3-15- 
155540 40-42.161 -113.731 -3-15- 
156541 40-42.135 -113.749 -3-12- 
156546 40-42.226 - 1  13.656 -3- 12- 
155549 40-42.235 -113.658 -3-15- 
156552 40-42.239 -113.670 -3-12- 
155554 40-42.239 -113.669 -3-12- 
I 5 6 5 5 6  40-42.252 -113.655 -3 -12-  
156557 40-42.250 -lLJ.668 -3-15- 
156562 40-42.275 -113.662 -3-15- 
156564 40-42.282 -113.632 -3-12- 
156568 40-42.290 -113.646 -3-12- ' 
I 5 6 5 6 9  40-42.262 - 1  13.630 -3-12- 
156573 40-42.101 -113.769 -3-15- 
156575 40-42.084 -113.754 -3-12- 
156576 40-42.049 - 1  13.755 -3-1 2- 
156578 40-42.029 -113.747 -3-15- 
156579 40-42.021 -113.754 -3-15- 
156580 40-41 -997  - l l3 .747  -3-15- 
156581 40-42.996 -113.725 -3-15- 
156583 40-41.998 -113.726 -3-15- 
I 5 6 5 8 4  40-42.008 -113.697 -3-15- 
I 5 6 5 8 6  40-41 -986  -113.730 - 3 - 1 5  
156587 40-41.982 -113.718 -3-15- 
156588 40-41.976 -113.744 -3-15- 
156589 40-41.956 -113.719 -3-15- 
I 5 5 5 0 0  40-41.944 -113.669 -3-15- 
156591 4 6 4 1 . 9 4 1  -115.677 -3-15- 
155592 40-41.941 -113.662 -3-15- 
I 5 5 5 9 3  40-41 -918 -113.654 -3-15- 
156598 40-41 .PI0 -113.636 - 3 - 1 5  
I 5 6 6 0 3  40-41.892 -113.654 -3-12- 
156605 40-41 .883 -I 13.662 -3-1 5- 
156609 40-41.861 -113.660 -3-12- 
156613 40-41.911 -113.561 -3-12- 
156614 40-41.906 -1lJ.562 -3-12- 
I 5 6 6 1 6  40-41.898 -113.548 -3-12- 
I56622  40-41.887 -113.524 -3-12- 
I 5 6 6 2 4  40-4 l .891  -113.524 -3-12- 
156628 40-41.895 -113.553 -3-12- 
I 5 6 6 3 0  40-41.909 -113.516 -3-12- 
156634 40-41 -931  -113.536 -3-12- 
156635 40-41.922 -113.467 -3- - 
156636 40-41.922 - I131467 -3-12- 
156637 40-41 -917 -113.466 -3-12- 
156640 40-41 -936 - l l 315L6  -3-12- 
156644 40-41.926 -113.671 -3-15- 
l 56645 40-41.924 -113.687 -3-15- 
156647 40-41 -915 -113.693 -3-15- 

u 
I PPM I 
3.3 
4.1 
9.6 
4.2 
2.0 
3.9 
3.2 
2.0 
5.0 
2.5 
4.7 
6.0 
5.4 
4.8 
4 - 2  
2.2 
5 -  6 
4.0 
2.1 
2.8 
2.0 
2- 8 
2.6 
3. I 
2.8 
2.8 
3.5 
2.9 
3. I 
2. I 
2.7 
2.0 
2.1 
2.1 
2.9 
2.8 
2.3 
3-6 
4.0 
2.9 
5.0 
2 6 
3.6 
9.2 
2.5 
3.0 
1.6 
2.3 
3.1 
9.2 
2.7 
2.4 
4.7 
3.6 
3.4 

V-NT 
(PPM) 
4.4 
4.9 

12. 
5.4 
3.7 
4.5 
4 2 
3.0 
6.5 
5.0 
5.9 
7 - 9  
7.6 
7.0 
5.7 
4.2 
6.6 
4.2 
3 8 
5.2 
5.3 
5.2 
4.1 
4- 6 
4.7 
3.8 
5.8 
3.7 
5.6 
3.2 

22. 
4.1 
3.3 
3 8 
5.9 
4.6 
3.8 
4.7 
4.7 
4. 8 
5.4 
2.2 
5.4 

15. 
7.6 
6.2 
3.7 
3.5 

TABLE B-I I I .  Analyses of sedi'ment . samples 

$I- 3 

8A 
( PP* I 

580 
700 
540- 
000 
700 
730 
750 
570 
680  
82 0 
800 
79 0 
860 
74 0 
770 
580 
71 0 
580  
4 8 0  
940  
9 8  0 
950  
780 
790 
7 7 0  
84 0 
730 
81  0 
83 0 
740 
700 
800  
730  
760 
710 
79 0 
6 0 0  
810 
760 
630 
620  
350 
760 
760 
760 
7 I 0  
670 
630  

. . 



R A F T  R I V E D  
OR 5AWLE C U  

NUMBER IPPMI 4 
156528 13 
156529 24 
156532 13 
I 5 6 5 3 5  18 
156537 36 
156538 39 
156539 2 3 
155540 22 
15654 1 3 7 
156546 6 
156549 27 
156552 9 
I 5 6 5 5 4  9 
156556 7 
156557 20 
156562 22 
156564 18 
156568 I 7  
156569 I 0  
156573 2 I 
156975 7 
156576 25 
155578 33 
156579 2 7 
156580 18 
153581 2 0 
156583 I 8  
155584 30 
156586 31 
I 5 6 5 8 7  24 
156588 20 
156589 17 
156590 23 
I 5 6 5 9 1  25 
156592 19 
156593 25 
156598 25 
156603 I 5  
156605 22 
156609 17 
156613 25 
156614 I 3  
156616 20 
156622 I 6 
I 5 6  624 2 7 
156628 25 
156630 24 
156634 I 4  
156635 
156636 4 
156637 16 
156640 19 
156644 I 9  
156645 21 
156647 24 

MN 
i PPM I 

850 
570 
64 0 

1200 
1300 
680  
79 0 
7eo 

LO00 
220 
7 7 0 
530 
400 
350 
560 
S9C 

1100 
550 
6 7 0 
470 
370 
460 
650 
650 
590 
400 
640 
680 
510 
580 
450  
550  
630 
6 tC  
t3C 
740 
700 
870 
520 
240 
4tC 
610 
830 

1900 
900 

1300 
670 
330 

3 80 
1400 

I 9 0  
7eo 
750 
700 

SECTION 2 C F  
r 1 v 

1PPMJ (PPY) 
5700 6 5 
3100 74 
2600 3 9 
7200 87  
8900 130 
5400 LOO 
5200 9 5  
6400 9 4 
5300 78  
2000 3 3 
2600 58  
2700 4 b 
2700 4 7 
2300 3 6  
2800 6 1 
2700 8 7  
2200 5 2 
2200 5 2  
3900 5 8  
3500 6 2  
2900 4 8 
2600 6 2  
2900 7 0  
3300  6 2  
3000 5 5 
3200 6 0 
3400 6 0 
3 100 6 6 
4200 74 
3000 7 3  
4700 8 1 
3000 5 8  
3600 7 I 
3800 7 6 
4300 7 0 
5500 8 2  
4800 88  
4000 52  
3300 57  
2400 4 8 
3200 7 5  
2300 4 6 
4800 94  
2600 5 3  
4100 8 3 
4700 9 6 
4100 LOO 
2100 5 6 

TABLE B-I I I. Analyses of yedi;ment samples 



RAFT QI\ 
OR SIMPLE ZN  
NUMBER (PPY) 
156528 81 ' 
156529 69 
156532 , 67 
156535 74 
156537 I20 
156538 100 
I56539 88 
I56540 8 7 
156541 8 1 
156546 27 
156549 76 
156552 40 

'1 56554 38 
156556 2 7 
I56557 69 
1565C2 130 
I55564 7 7 
155568 57 
156569 ' 5 7 
155573 79 
156575 4 5 
156576 77 
156578 8 4 
156579 80 
156580 6 4 
156581 7 5 
156583 68 
156584 110 
156586 88 
156587 82 
I56588 4 6 
156589 64 
156590 87 
156591 91 
156592 7 3 
156593 I LO 
156598 82 
156603 6 7 
156605 9 5 
156609 7 3 
156613 .5 5 
156614 4 8 
I56616 96 
156622 74 
I56624 110 
I56628 9 4 
15663 0 110 
156634 78 
156635 ' ' 

156636 65 
156637 S6 
156640 94 
156644 130 
156645 1 SO 
I56647 120 

rER - SEDIMENT 
ZR K SR C E 

(PP)o ( X )  (PPYI (PPlr) 
3 I 1.7 82 5.4 . 
6 2 2.0 94 6 7 
3 2 2 .3 150 120 
69 l .8 170 I 20 
3 2 1 .a l ec 100 
60 1.8 140 8 2 
7 I 1.6 1 SO 8 4  

2 3 1 .5 120 62 
52 1 .5 17C 8 8 
19 2.7 1 5 C .  55 
7 I 1.8 IEC 8 1 
35 2.6 , ItC 9 4 
3 0 2.8 180 8 1 
3 1 2.3 I 6C €3 
9 1 1.6 15C '95 
5 2 1 .2 zoo 
6 9 1.3 1st 

7 l  
8 2 

64 1.0 I20 56 . 

3 5 I .4 0 t 0 5  
6 5 2.7 23 0 120 
30 1.8 260 110 
8 4 1.9 , 220 ee 
LOO I r  8 I90 93 
110 1.9 190 83 
70 1.9 23 C 93 
8 2 2.0 260 LOO. 
8 1 1 .8 2 t C 9 2 
100 1.9 1SC 7 I 
2 8 I .9 300 180 
78 2.0 2CC 73 
4 0 1.2 2SC 330 
8 1 2.0 i 10 e7 
7 9 1.6' 200 74 
6 0 1.5, 170 99 
6 3 1.5 1 IC 98 
0 7  1.7 17C 120 
49 1.3 210 9 1 
65 I .6 17C 8 6 
65 1.6 160 
'6 8 1.2 17C 
3 6 1.5 2lC 79 
27 0.70 260 4 0 
16 2.0 . 14C 120 
3 6 1.9 I 40 9 1 
30 2.1 ISC 130 
3 5 1.9 17C 100 
4 2 1.7 2 10 87 
4 6 1.5 18C 6 1 

TGAM 
(CPS) 

TOT EK CPK EU 
(CPM) (I) (CPM) (PPY) 

SECTION 3 OF 3 
CPU ETH cPTn 
ICPU.1 (PPY) . ( W * )  

TABLE B-I IT. Analyses of  sediment samples 

Q- ,. 



OR SAYPL 
NUMSER 

I 5 6 6 5 0  
156651 
I 5 6 6 5 3  
155654 
156655  
156658  
156659 
156661 
156662 
I 5 6 6 6 3  
156665  
I 5 5 6 6 6  
156672 
156673 
I 5 6 6 7 6  
I 5 5 6 7 8  
I 5 6 6 7 9  
156681 
156682 
156683 
I 5 6 6 8 8  
I 5 6 6 8 9  
156691 
156693 
156694 
156697  
156701 
156702  
I 5 6 7 0 4  
I 5 6 7 0 5  
155706  
155708 
156712 
1 5 6 l l 4  
156715  
I 5 6 7 1 6  
156717  
156721 
156722  
I 5 6 7 2 6  
156727  
156729  
156734  
156735  
156743  
156 745 
156747  
156719 
I 5 6 7 5 0  
l 5 6 7 5 l  
156  752 
156754 
I 5 6 7 5 6  

I 156758  
N I 5 6 7 6 0  
Cn 
w 
I 

RAFT RIVER - SEOlYENT 
E 0 .  0 -  E SAMPLE NUMBER 
ST CAT L O N G  L T I  REP 
40-41.894 -113.702 -+IS- 
40-41 - 8 8 3  -113.693 -3-15- 
40-41.880 -113.693 - 3 - 1 5  
40-41.859 -113.688 -3- 15- 
40-41.851 -113.716 -3-15- 
40-41 a849 -113.573 -3-12- 
40-41.852 -1 I3 .590 -3-12- 
40-41.916 -113.585 -3-15-  
40-41.916 -113.595 -3-15- 
40-41.894 -113.586 -3-15- 
40-41 - 8 9 2  -113.604 -3-15- 
40-41.892 - l13.609 -3-12-  
40-41.908 - 1 1 3 . b l I  -3-12- 
40-41.944 -113.700 -3-15- 
40-41 -937  -113.694 - 3 - 1 s  
40-41.934 -113.553 -3-15-  
40-41.946 -113.540 -3-15- 
40-41.921 -113.544 -3-15- 
40 -41  -930  -1  13.540 -3-15- 
40-41.910 -113.547 -3-15-  
40 -41 -864  -115.799 -3-12- 
40-41.869 -113.792 -3-15- 
40-41 - 8 9 1  -I 13.809 -3-12- 
40-41 -882  -113.804 - 3 - 1 5  
40-41-886 -113.795 -3-12- 
40-41.996 - 1  13.727 -3-15- 
40-41 ,999 -1 l3 .521  -3-15- 
40-41.998 - l l 3 . 5 2 5  -3-15-  
40-41.987 -113.517 -3-15- 
40-41.978 -113.503 -3-15- 
40-41 ~ 9 7 0  - 1  13.735 -3-15- 
40-42-166 -113.706 -+I+ 
40-42.173 -113.647 -3-15- 
40-42.175 -113.636 -3- - 
40-42.204 -113.703 -3-15-  
40-42.204 -113.699 -3-15- 
40-42.203 -113.697 -3-15- 
40-42.199 -113.693 -3-15- 
40-42.196 -1  I 3  4 9 2  -3-12- 
40-42.333 - 1  13.641 -3-15- 
40-42.340 -113.639 -3-15- 
40-42.376 -113.637 -3-15- 
40-42.375 -113.637 -3-12- 
40-42.375 -113 -636  - 3 - 1 5 -  
40-42.078 -113.82l  -3-12- 
40-42.004 -113.769 -3-15- 
40-42.033 - l l 3 1 7 8 3  -3-15- 
40-42.032 -113.803 -3-12- 
40-42.046 -113.767 -3-15- 
40-42.072 -113.769 -3-15- 
40-42.109 -113.777 -3-12- 
40-42.139 -113.792 -3-12- 
40 -42 .150  -113.798 -3-12- 
40-42.162 -113.804 -3-12- 
40-42.174 -1 l3 .814 -3-15- 

TABLE B-111. 

U/TU A C 
( PPM ) 

0.64 C2 
0.56 C 2 
0.95 C2 
0.53 CZ 
0.72 < 2 
0.66 C 2 
0 .89 C2 
0.71 < 2 
0.67 C 2 
0.53 C2 
0.77 < 2 
0.55 C2 
0.46 C2 
0.66 C 2 
0 .51 <2 
0.65 CZ 
0.67 < 2 
0.84 < 2 
0.59 (2 
0.87 <2 
0.61 < 2 
0.78 < 2 
0.76 <2 
0.83 (2 
0.96 < 2 
0.54 CZ 
0.62 < 2 
0.99 <2 
0.78 < 2  
0 .25  < 2 
0.51 <2 
0.88 (2 
0.77 C 2 
0.87 ( 2  
0.65 <2 
0.59 <2 
0.81 C 2 
0 .69 < 2 
0.82 C 2 
0.63 C2 
0.92 C2 
0.93 <2  
0.70 C2 
0.64 (2 
0.73 C 2 
0.84 C2 
0.56 < 2 
0.27 C2 
0.50 <2 
0.79 < 2 
0. 5 1  C2 
0.77 C2 
0.68 < 2 
0.32 < 2 
0. 6 4  CZ 

8 
[ PP* 1 

2 I 
I 6  

. I 0  
1 4 
2 0 
10 
19 
I 4  
3 0 
15 
2 2 
I 9  

<LO 
1 8 

< I 0  
< I  0 

1. 
I I 
1 2  
3 3  

< I 0  
2 5  
2 2  
2 6  
1 0  

<I 0 
<I 0 

2 l 
c LO 
< I 0  
I I 
I I 

( 1 0  
< I  0 

2 0 
< I 0  

I 2  
I 3  

< I  0 
1 8 
1 4 
I 4  

<LO 
1 8 

<LO 
3 5 
2 0 

< I  0 
17  
I 9  

< I 0  
1 6  

<LO 
<LO 

1 6  

Analyses of sedi'ment samples 

8A 
( PPM 

91  0 
74 0 
730 
84 0 
73 0 
390 
68  0 
450 
63  0 
6 8  0 
68  0 
6 7 0  
6 6 0  
81  0 
720 
76 0 
7 4 0  
8 1 0  
7 3 0  
5 8 0  
6 2 0  

1100 
620  
7 4  0 
7 8 0  
9 5 0  
6 3 0  
7 2 0  
7 1 0  
710  
760  

1500  
9 6 0  

1 I 0 0  
790  
2 9 0  
6 1  0 
8 8 0  

1000 
6 8 0  
740  
6 6 0  
460 
91  0 
9 3 0  
79  0 
8 0 0  

1200  
880  
8 2 0  

1200 
76 0 
710 
790 
740 



RAFT RIVED - SEOIMENr 
OR S4MPLE CU FE L I 

NUMBER IPPYI ( X )  (PPM) 
156650 26 3.1 . ,  3 9 
15665 1 2 I 2.9 2 5 
I 56653 '  21 3. I 3 I 
156654 I 8  3.5 2 5 
156655 22 2.5 4 3 
156658 13 1-6 - 15 
1 55 659 15 21 4 39  
156661 12 1.7 2 7 
156662 I 7  2.5 . 3 I 
156663 15 2.2 39  
156665 2 I 2.4 32  
I 5 6 6 6 6  I 4  2 . 2 ,  . 2 7  
156672 I I 2.5 27 
156673 2 1 2.5 2 9 
156676 2 0 3.9 2 3 
156678 I 4  . 3-4  26  
I 5 6 6 7 9  15 30 1 23 
15668 I 2 1 3. 8 2 9 
156682 13 3.2 2 5 '  
156683 13 1. 6 2 3 
156688 19 3.4 2 3 
156689 29 3.6 . 54 
156691 18 2.0 3 0 
156693 28 2.7 3 4 
156694 2 4 3.7 4 4 
156697 24 3.9 3 6  
155701 16 3.2 2 5 
196702 20 2.6 3 4 
156704 17 2.6 3 1 
156705 13 3.1 22 
156706 16 2- 6 2 7 
156708 19 2.9 4 1 
156712 13 2.7 32 
156714 7 2.4 2 2  
156715 23 2.5 3 5 
156716 11 1.6 2 0 
15671 7 17 2.3 3 0 
156121 , , I I 2.8 3 3  
156722 9 2.7 ' 28 
156726 22 20 3 37  
15672 7 18 2-4 39  
156 729 I 9  2.2 3 4  
156734 6 2.1 I I 
156735 21 . 2.5 3 7  
156743 13 3.0 6 7  
156745 18 2.3 3 7 
156747 18 2.0 2 7 
156749 10 1.8 29 
156750 16 2. 3 3 6  
156751 17 2.3 3 4 
156752 8 1.6 2 5 
I 5 6 7 5 4  I 4  2.2 2 4 
156756 12 3.3 24 
156758  32 2.4 I 9  
155760 18 2.6 27 

N I 
PPM I 

28 
26 
18 
2 1 
27 
12 
26 
12 
16 
18 
20 
16 
13 
2 1 
2 2 

t 9  
24 
18 
13 
22 
30 
19 
18 
24 
23 
I 7  
20 
17 
I 5  
I 7  
16 
14 
I 1  
I 9  
12 
19 
12 
10 
17 
17 
15 
12 
19 
16 
18 
14 
-9 
I 7  
13 
12 
14 
21  
to 
19 

SECTION 2 ff 
r l V 

(PPYI (PPY) 
3000 6 6 
2800 5 6 
3700  5 8 
4800 74 
2800 70  
2700 4 0  
2200 5 9 
I 7 0 0  4 2  
2900 5 8  
2400 6 1 
2600 5 7 
2300 4 4 
4200 4 8 
2100 64 
6800 82  
5300 54 
4400 62  
5000 6 7  
5400 51 
2000 3 9  
6000 6 4 
3400 8 1 
2300 5 5  
2800 b 4  
4900 7 4 
4600 7 9 
6600 5 9  
2800 59  
3000 5 0 
4900 e 2  
2900 5 3 
3100 56  
2800 5 0  
P I 0 0  3 7 
2600 5 9  
1300 3 2 
2300 5 2  
3100 5 2  
3200 4 7  
2400 5 9  
2700 5 9  
2400 54 
2500 5 0 
2800 53  
4300 54 
2500 57  
2700 5 1 
2400 3 5  
2500 4 8 
3100 5 9 
2500 4 2  
3600 5 8 
6200 8 5 
5100 54 
3400 6 0  

TABLE 9-1 11'. Analyses o f  sediinent samples 

1 



OR SAMPLE 
YUYBER 
156650  
15665 1 
I 5 6 6 5 3  
156654 
156655  
156658  
156659  
I 5 6 6 6 1  
156662  
156663 
156665  
156666  
I 5 6 6 7 2  
156673 
156676 ' 

I 5 6 6 7 8  
I 5 6 6 7 9  
156631  

' I 5 6 6 8 2  
156693  
I 5 6 6 5 8  
1566.39 
156671 
156693 
156694 
I 5 6 6 9 7  
156701  
156702  
I 5 6 7 0 4  
156705 
156706  
156.108 
156712 
15671  4 
I S 6 7 1 5  
I 5 6 7 1 6  
156717  
15672 1 
156722  
I 5 6 1 2 6  
I 5 6 7 2 7  
I 5 6 7 2 9  
156734  
I 5 6 7 3 5  
156  743 
156745  
156747  
156749 
156750  
I 5 6 7 5  I 
156752  
156154 
I 5 6 7 5 6  
1 5 6 7 5 8  
I 5 6 7 6 0  

RAFT RIVEP - SEOlMENT 
ZN Z R K 

1PPM) IPPMJ 1x1 
9 5  . 71  2.2 
81 4 2  1.4 
9 0  4 9  1.7 
9 5 2 5 1.7 
89  . 5 5  ' 1.7 

34 2 5 .  0.88 
75. 3 0  1.6 
5 1 5 3 0 - 9 3  
72 8 4 1.3 
61 53  I - 4  
70 75 1.3 
56  5 7 I .2 
74 3 5 1.3 
68  5 3  1.6 
7 6 2 5  1 .S 

1 I 0  1.5 
58 4 I 1.9 

L 00 3 9  1.6 
78  ' 5 4  1.5  

62 e a  ' 1.1 
77 2 2  1.3 

110 8 0  2.1 
150 7 2 I .I 
120 L O O  1 .8 
I I 0  64 1.6 
I 0 0  5 7  I .9 

65 4 9  1.5 
7 I 8 3 1.7 
63 7 0 1.6 
55 5 I 1.5 
67  7 7 1 .5 
96 4 1  1.5 
66 3 6 I .9  
47 18  2.0 

I 1 0  5 4 1.3 
52 2 2  1 .O 
68  4 3 1. 5 
99 5 0 1.5 
66 3 0 1.9 

100 6 9  1. 2 
90 0 4  1.3 
80 5 5 1.2 
3 8 6 1.3 
70 5 6 2. I 
92 2 I 2.0 
75 100  1.8 
7 0 9 4 I .5 
66 5 5  1.8 

68 . 8 2 I .S 
77 LOO 1.5 
3 6  17  2.2 
57 7 0  I .4 
6 7 6 7 1. 3 
53 3 4 I .S 
64 6 5  1.7 

s R 
1 PPY 

LSC 
I 2 0  
I 6 0  
13C 
2 5 0  
110 
27C 
290 
1 SC 
2 5 0  
I O C  
180 
I 8 0  
15C 
130 
I 9 0  
i e c  
170  
16 C 
16C 
190 
17C 
130 
I ec 
t e c  
35C 
2 0  c 
2 6 0  
2 3  C 
2s C 
246  
40C 
I 7 0  
I eo 
1 SC 

7 t  
I O C  
I 6 0  
19C 
I 3 0  
140  
lac 

e 7 
2 1 0  
4 5 c  
2 7  0 
2 0 0  
2 5 0  
220  
2 1 0  
2 6 0  
22C 
24C 
2 0 0  
IFC  

CE 
( PPM I 

e 3 
86 

120 
160 
8 6 
65 
9 1 

40 . 
72 

100 
e3 
5 8 

110 
7 8 

I 4 0  
180 
130 
160 
I 6 0  
52  

150 
9 0  
6 0  
7 3 
9 8 

I 9 0  
I 1 0  

8 4 
110 
2 0 0  
110 
190 
130 
150 
6 5 
24 
5 8 

110  
21C 

5 7 
6 1 
5 1 
9 2 
6 9 

I 1 0  
6 5  
9 1 

I 2 0  
6 1 
82 
9 4 
75 
96 

160 
98 

Y C T l ( ; N  3 -  3 
TGA r( 10 T EK CPK E U CPU E T ~  CPTU 
1CPS) lCPM1 1 % )  ICPMI 1PPYJ ICPY)  IPeM)  lCP* )  

TABLE B-TI1 , analyses of  sediment samples  
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RAFT RIVER - SEDIMENT 
.E 0.  0 .  E. SAMPLE NUMBER 
5 1  LAT LONG L T Y  REP 
40-42.173 -113.790 -3-15- 
40-42.160 -113.759 -3-12- 
40-42.194. -113.754 -3-12- 
40-42.194 -113.743 -3-12- 
40-42.196 -113.735 -3-15- 
40-42.197 -113.803 -3 -15-  
40-42.323 -113.588 -3-12- 
40-42.324 -113.577 -3-15- 
40-42.324 -113.566 -3-15- 
40-42.327 -113.550 - 3 - 1 5  
40-42.326 -113.544 - 3 1 5 -  
40-42.326 -113.544 -3-15- 
40-42.314 -113.590 -3-12- 
40-42.315 .-113.634 -3-15- 
40-42.31 I -113.614 -3-15- 
40-42.309 -113.592 -3-15- 
40-41 -680  - lL3.739 -3-15- 
40-42.302 -413.634 - 3 - 1 5  
40-42.302 -113.634 -3-12- 
40-42.288 -113.628 -3-15- 
40-41 ~ 9 5 6  -113.309 -3-12- 
40-42.102 - I t 3 . 7 2 9  -3-15- 
40-42.086 -113.744 - 3 1 2 -  
40-42.014 -113.722 -3-15- 
40-42.015 -113.709 -3-91- 
40-42.002 -11 3.716 - 3 - 1 5 -  
40-42-006 - 1  13.727 - 3 - 1 5  
40-42.007 -113.739 - 3 - 1 s  
40-42.033 -L13.707 -3-15- 
40-41.627 -113.692 -3-12- 
40-42.335 -113.615 -3-15- 
00-42.354 -113.585 -3-15- 
40-42.359 -113.625 -3-12- 
40-42.363 -113.617 -3-12.- 
40-41 -045 -113.793 - 3 - 1 5  
40-41.839 -113.801 -3-12- 
40-41.827 -113.651 -3-12- 
40-41 -804 -113.805 -3-15- 
40-41.827 -113.766 -3-15- 
40-41.847 -113.769 -3-15- 
40-41 -857  -113.770 -3-15- 
40-41.861 -113.770 -3-12- 
40-41 -860 -113-774 - 3 - 1 5  
40-42.166 -113.715 -3-12-' 
40-42.095 -113.520 - 3 - 1 5  
40-42.080 -113.523 -3-15- 
40-42.073 -113.532 -3-15- 
40-42.312 -113.537 -3-15- 
40-42.312 -113.546 -3-15- 
40-42.305 -113.555 -3-15- 
40-42.106 - I l 3 . 7 1 6  - 3 - 1 5  
40-42.104 -113.707 - 3 - 1 5  
40-42.098 -113.702 -3-15- 
40-42.094 -113.691 -3-15- 
40-42.091 -113.681 -3-15- 

TABLE B-I'I'I . Analyses of sediment samples 
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RAFT RIVES 
OR SAMPLE CU 

NUMBER IPPMI I 
156761  16 
156763 19 
156765 8 
156767  36 
155768 18 
156769  I 9  
155771  10 
156772 18 
156773 29 
1 56774  2 0  
156775  2 4  
156777  30 
156778  5 
I 5 5 7 7 9  16 
156781 I 2  
156782 I 8  
156785 2 0  
I 5 6 7 8 7  20 
156789  I I 
I 5 6 7 9 0  2 6  
I 5 6 7 9 4  25 
I 5 6 7 9 6  24 
156798  9 
I 5 6 8 0  1 18 
156802  28 
156803 I 7  
156804 2 2  
156805  2 I 
156806  23 
15681 0 I 4  
I 5 6 8 1 8  I 8  
156819  I 9  
15682 1 20 
156825  I 2  
156827  28 
156828  24 
156830  20 
I 5 6 8 3 2  22 
156834 27 
I 5 6 8 3 5  32 
156836  36 
156837  2 5  
1 5 6 8 3 9  2 3  
1558.2 I I 
155843  24 
156844 2 0  
156845  21 
156846  2 1 
156847 43 
156848  45 
15685  1 7  
156852  L O  
156853  2 2  

I 156954  I 4  . 
IU I 5 6 8 5 6  I I 

52 
I 

- SEDIMENT 
F E L 1 

[ X I  (PPMI 
2 - 3  27 
1.5 13 
4.4 I 3  
3.6 27 
2.6 4  2  
2 - 4  2  8  
1 .9  2 2  
2 .5  45  
3 . 0  6  I 
2 6  52 
2.5 42 
2. 5  3  9  
0.91 12 
2. e 40 
2.9 25  
3.1 . 4 2  
2.1 3 3  
2  5  3 8  
2.9 2  1  
2.7 3 9  
3.1 3  7  
2- 6 4 0  
2.4 2  2  
3.1 3 9  
3.2 3  8  
2- 6  3 6  
3.2 3  0  
3.0 34 
3 .0  2 3  
1.4 2 7  
2.8 4  I 
2. 4  2  6  
2.6 2 9  
2.2 2  4  
3.2 3 3  
2.7 2 5  
3.9 3 1  
2.5 3  I 
2.8 45  
3 .0  37  
3.0 43 
2- 7  3 8  
5.0 33.  
3.4 29 
3.2 2 7  
2.8 3  1  
2.7 3  4  
2.6 3  8  
2.4 3 3  
5.9 3  7  
1.8 3  3  
1.4 4 2  
2.1 4  2  
1.1 2  3  
3.2 46 

MN 
I PPM I 

3F 0 
470  
820 
t e c  
9 5 0  
550  
500  
930  

1000 
1000 
1100 
9 8 0  
110 
52 0 
420 

I 0 0 0  
4 10 
8 5 0  
-530 
890  
8 1 0  
520  
6 9 0  
5 4 0  
6 6  0 
570  
560  
e l o  
530  
170 
780  
7 0 0  
720 
510  
510  
430 
810 
580 
760 
730 
730 
480 

1100 
3 8 0  
580  
6 2 0  
740 
720 
5 9 0  
920  
3 4 0  
420 
370  
290  
4 70 

NO 
( PPM I  

9 
17 
2 3  
20 
12 
P 1 
9 

< 4 
8 
9  
8  ' 

b 

< 4 
6 
7  
7  
4  
6  

15 
7  
6  
8  

L 3 
8  
9  

17 
8  

10 
7  
5  
8  
7  
7  
6  

12 
8  

I 5  
L O  
L 0  
13 
14 
13 
6  0  
13  

9  
n 
7 

.. 7 
b' 
4  
7 

10 
12 
17 
14 

TABLE B- 1.1 I .. Analyses o f  samples. 



RAFT RIVER - SEDIMENT 
0 3  SAMPLE ZN ZR K S E 

NUMBER (PPM) (PPMI ( X )  (PPM) 
156761 65 7 9  1.8 P I C  
I S 6 7 6 3  26 13  I .8 180 
I S 6 7 6 5  4  S  I 3  2.0 2 5 0  
156767  86 4  2  1.4 2 4 0  
156768  78 6 7  1.6 I 9 0  
156769 82 8 0  L - 7  2 4 0  
156771  SO 4  3  1.2 110 
153772  99 T O  1.8 t e c  
I 5 6 7 7 3  110 9  6  I 7  I 8 0  
I 5 6 7 7 4  7  L 70  1.9 I 9 0  
156775  95 78  2.0 190 
I S 6 7 7 7  110 8 0  I .7 2 0 0  
156778  40 2 3  0.98 4  7 
156779  82 4 8  1.8 2 5 0  
1 5 6 7 8 1  so a o t .7 170  
156782  5  1  7F 1.9 I 6 0  
156785  5  2 2 0  I .I 150 
156787  100 6  2  1.4 I C C 
I 5 6 7 8 9  47 24 2.4 I 6 0  
156790  '86 7  7  1.6 I 6 C  
156794 6 6  3  8  1  .7 15C 
1  56  796  84 5  8  2.1 2 3 0  
I 5 6 7 9 8  5  3  3  9  1. 8  27C 
156801  110 4 2  1  .a 180  
156802  98 72  I .8 LSC 
156803 81 I 9 0  2.1 180  
I S 6 8 0 4  67  2  9  1  .8  I 7 0  
I 5 6 8 0 5  79 22 1.9 I 7 C  
156806  52 I I 1.2 ISC 
156810  I 2  2 0  1  .7 ICC 
156818  73 77  1.9 16C 
I 5 6 8 1 9  6 0  6  I 1.4 160  
I 5 6 8 2  1  6  1  6 3  1.9 l e c  
l 5 6 8 2 S  4  0  4  2  1.8 ISC 
I 5 6 8 2 7  I 2 0  5 7  1.2 I S 0  
156828  92 8  I 1.4 ICC 
I 5 6 8 3 0  72 2  1  1.6 170 
I 5 6 8 3 2  83  110  1.6 23 C 
L 56834  120 110  I- 4  I 7 C  
156835  I 10 8 9  1.4 I ec 
I 5 6 8 3 6  130 6  3 1.6 1  7C 
I 5 6 8 3 7  82 4  8  1.4 I SO 
I 5 6 8 3 9  99 3 8  1.4 16C 
156842 8  1  16 1.6 15C 
I 5 6 8 4 3  68  7 2  2.3 170  
156844 76 7  7  2. I ICC 
156845  89  7  9  1.8 15C 
156846  92 8  1  1.8 140 
156847 130 7  2  1.4 I 6 0  
156848  I SO 3 0  I .8 I 2 0  
156851  t 3  I 4  I .5  3F C 
I 5 6 8 5 2  68 2 7  1.8 2 3 0  
L 56853  7  3  2 3  1.8 ZZC 
156854 35 I 2  1.6 12C 
I 5 6 8 5 6  94 3  3 1.7 2  10 

SECTIU4 3 OF 3  

CE T C A *  ~ O T  EIC CPK EU CFU ~ r n  c p r n  
( P P Y )  ICPS) (CPM) (XI (CPMI (PPY) ( W M )  (PPYI (CPY) 

7  4  
l I 0  
I 4 0  

8  6  
74 
7  6  
44 
26 
58  
t c 
7 0  
5  5  
2  7 
8  0  
t s  
7  0  
6 6  
7 I 
7  9  
7 2  
73 
7  9  

2 2 0  
120 

70 
9  5  

100 
I 2 0  

5  3  
3 8  
73 
77 
7C 
7  I 
6  8  
64 
8  8  
7 5  
9  1 
75 
e 2  
8  3  

1  L C  
7 I 
6 3  
6  7  
5 8  
t 3 
6  0  
4  4 
8  0  
3 6  

110 
7  a 

130 

TABLE B-I11 . Analyses of sedi.ment samples 
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R A F T  R l V E l  - S E D I M E N T  
. E  0. 0 .  E. S A M P L E  N U M e E R  
S T  L 4 T  L O N G  L T Y  REP 
40-42.175 -113.691 -3-15- 
40-42.165 -113.702 - 3 - 1 5  
40-41-681 -113.783 -3-15- 
40-41.676 -1 13.778 -3-12- 
40-41.671 -113.785 -3-12- 
40-41.671 -113.802 -3-15- 
40-41.952 -113.844 -3-12- 
40-41.952 -113.694 -3-15- 
40-41.950 -113.674 -3-15- 
40-41.966 -113.683 -3-15- 
40-41.985 -113.692 -3-15- 
40-41.788 -113.671 - 3 - 1 5  
40-41 -780 -113.671 -3-12- 
40-41.783 -113.684 -3-12- 
40-41.792 - 1  13.686 -3-15- 
40-41 -792 -113.706 -3-15- 
40-41.634 -113.754 -3-15- 
40-41-858 -113.509 -3-15- 
40-41.858 -113.511 -3-15- 
40-41.849 -113.514 -3 -15-  
40-41.055 -113.495 -3-12- 
40-41 -856  -113.494 -3-15- 
40-41.858 -113.447 -3-15- 
40-41.856 -113.456 -3-12- 
4 0 - 4 1  - 8 5 6  -113.461 -3-12- 
40-41.855 -113.468 -3-15- 
40-41 -864 -113.479 -3- 15- 
40-41.855 -113.394 -3-12- 
40-41.862 - 1  13.427 -3-12- 
40-41.847 -113.645 -3-12- 
40-41 -848 - 1  13.630 -3-15- 
40-4 1.839 - I 1  3-63 1 -3- 15-  
40-41.861 -113.621 -3-12- 
40-41 -752  -113.609 -3-15- 
40-41.742 -113.722 -3-12- 
40-41 -719  -113.772 -3-1 5- 
40-41.977 -113.825 -3-12- 
40-41.965 -113.817 -3-12- 
40-41 -772 -1 13.772 -3-12- 
40-41 -775 -113.782 -3-15-  
40-41.778 -113.786 -3-12- 
40-41 ~ 7 7 4  -113.751 -3-12- 
40-41.762 -113.755 -3-12- 
40-41.761 -113.754 -3--15- 
40-41.933 -113.766 -3-15- 
40-41.746 -113.697 -3-15- 
40-41.746 -113.700 -3-12- 
40-41 -742  -113.705 -3- 12- 
40-41.741 -113.705 -3-12- 
40-41.749 -113.683 -3-12- 
40-41 -733  -113.685 - 3 - 1 5  
40-41 -901  -113.621 -3-12- 
40-41.734 -113.703 -3-IS- 
40-41.882 -113.428 -3-15- 
40-41 -872 -113.438 -3-12- 

U-NT 
I PPM) 

4. 8 
4.8 

15- 
2 I. 
1'3. 
3.0 
3.9 
8. I 
4.5 

14. 
6 .9 
4.5 
4.5 
4.0 
3.8 
3.8 
5.3 

70. 
6.7 
9.2 

40. 
31. 
23. 
LO. 
22. 
54. 
71. 

7.9 
12. 

3.6 
3.6 
4.2 
7.2 
3.5 

39. 
14- 
13. 
36 

6. 8 
8.4 
8 . 6  
5.2 
7.5 
7.4 
4.7 
3.8 
3.8 

30. 
22. 

6.0 
20. 

4.1 
6.5 
6.2 
4.7 

A G 
1 P P Y  ) 

< 2 

(2 . 
< 2 
< 2 
<2 
< 2 
<2 
(2 
<2 
< 2 
< 2  
< 2 

(2 
< 2 
<2 
< 2 
< 2 
< 2 
< 2 

4 
<2 
< 2 
<2 
<2 
< 2 
< 2  
< 2  
<2 
< 2  
c 2 
< 2 
<2 
< 2 
<2 
< 2 
<2 
< 2 
(2  
<2 
<2 
< 2  
< 2  
< 2 
<2 

. <2 
<2 
<2 
c2 
< 2 
< 2 
< 2 
<2 
< 2 
< 2 
<2 . 

TABLE B - I  11. Analyses . o f  sediment samples. 
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rC 8s 
12 Z9 
It 9C ' 

R IS 
CZ 99 
SZ t 8 
62 tL 
sc 6 8 
R 28 
oz CS 
Ct t9 

01 cs 
21 I C 
0 1 1 z 
.I St 
6 1 6s 
C 1 ZC 
02 s 
*z s 1 
07 11 
62 051 
El OC 1 
dl 6 t 
u 69 
I Z 99 
02 0 L 
81 6 t 
S 1 c 9 
61 98 
I I 69 
.Z c 
C 1 6 C 
6 I S S 
*Z S 
cz 0 t 
B ZZ 
R St 
8 I t* 
8 1 1s 
ZZ Z 6 
1 Z Z8 

8 1 Zb 
CZ. 011 
12 00 1 
81 C 9 
sz 0s 
9 1 6 6 
I I 00 1 
61 Lt 
9z 6t 
I c . 
OZ t F 
12 6 C 
92 OC1 
sc OtI 
l*dd) (Mdd) 

A A 
c a z NOI 

OOCC 
OOZC 

. 0001 
OO6C 
OOOC 
001 t 
OOBC 
OOLt 
OOLZ 
OOSZ 
ooct 
OOLZ 
OOLI 
OOCl 
ootz 
0062 
0012 
0082 
ooec 
0062 
OOBL 
0069 
0061 
OOOC 
0062 
OOSC 
0052 
OOlC 
0051 
00,z 
OOSl 
0091 
OOZZ 
0002 
0081 
0001 
OOSC 
OOIZ 
OOLZ 
0062 
0092 
OOtC 
OOIC 
000, 
0062 
OOBC 
001t 
001 t 
0061 
OOOZ 
0061 
OOLI 
OOCZ 
0000 1 
0056 
(Udd 

11 
1235 

OOCI OC 11 
OOCl CZ 00 1 
OS9 11 6 
0011 12 s s 
09L BE 11 
0011 00 6 
099 CC 6 
0001 6C 11 
0021 6C S 
OZL OZ 6 
01 L IZ b 1 
021 I z 9 
08, 81 S 
09t 01 0 
OL9 S I L 
OB6 tz 6 
O*S 01 L 
OIL c 1 2 1 
ose I z c l 
OBL 22 11 
OCS ec 0> 
OOZl or 0 1 
Of8 1 Z 9 
OEL 8Z 6 
OL L tZ 8 
0s L CZ 0 1 
OLb 11 CC 
06 6 L 1 I C 
058 8, 0 
OOL tc 9 
0LL 61 S 
088 *I 5 
0001 LI L 
021 SI 6 
ObL s 1 11 
oss L L 
0081 I1 DL 
OC 6 11 CZ 
0001 t1 6 Z 
0091 9* L 
OOCI SF e 
001.1 LC 1 
0011 CS s 
0011 LC 1 
OOZI SZ L 
OOCl 1z L L 
OSL 6 S 0 > 
051 9s 01 
OOII 02 0 1 
0022 IZ L 
006 el PZ 
O*L Zl R 1 
OCS L 0 z 
0061 10 C 2 
0012 9* 0c 
(Udd) (Wdd) IYdd) 
d IN RN 

0 65 
0 1 L 
00s 
OLS 
019 
099 
OS9 
OLL 
009 

. OSS 
089 
0 bS 
OCC 
000 
03C 
0 19 
09'2 
069 
068 
OC9 
OOZI 
068 
000 
019 
02s 
OC* 
000 
09c 
095 
029 
0cc 
082 
089 
06C 
000 
ocz 
08, 
OCS 
029 
009 
00L 
00s 
089 
001 
059 
025 
OOL 
0 za 
012 
00s 
060 
038 
OE9 
OOCl 
OOCl 

1) (Wdd) 
NW 

0L.O 
0L.O 
0;-0 
18.0 
63.0 
55.0 
58. 0 

0- I, 
l a.0 
28' 0 
6L'O 
I a-o 
09.0 
CZ'O 
6S.0 
CL'O 
bb.0 . 
C3.O 
68.0 
ba-0 

1.1 
C' I 

95.0 
28.0 
1L.O 
0L.O 
29.0 
89.0 

c- 1 
L5 -0 
St.0 
Lt.0 
99.0 
09.0 

.C5-0 
9Z.0 
8t'O 
9;'O ' 

6S.0 
0.1 

la -0 
6a -0 

0'1 
86.0 
ca-0 
59'0 

t-l 
e-I 
5.1 

0a.0 
2.1 

tC.0 
. 9s- 0 

9'1 
8'1 

fro 
9W 



R I F T  R I  
OR SAMPLE ZN 

NUMBER (PPM) 
I 5 6 8 5 7  1 I 0  
I 5 6 9 6 0  150 
15851 3 8  3 
158514 63 
158516 I C O  
15851 8 I 10 
158523  I 3 0  
15852 5 88 
1 5 8 5 2 7  8 I 
158530  9 5 
1 5 8 5 3 2  L O O  
158534 100 
1 5 8 5 3 7  I L O  
I 5 8 5 3 9  90 
158541  130 
158543  I 2 0  
158549  88 
15855 1 300 
158552  % 
L 58555  2 50 
158557  62 
L 5 8 5 5 8  66 
158561  9 5  
158563  62  
158564 57  
158565  9 1  
158567  110 
1 5 8 5 6 8  64 
158576  7 5  
I 5 8 5 7 7  86 
15858  1 83  
158583  86 
1 5 8 5 8 6  78  
I 5 8 5 8 9  77 
158994  92 
1 5 8 6 0 0  86 
I 5 8 6 1 7  130  
158622  6 0  
I 5 8 6 3 3  75 
158635  76 
I 5 8 6 3 6  63 
I 5 8 6 4 1  57 
158646  77 
I 5 8 6 4 8  89 
I S 8 6 5 8  80 
I 5 8 6 5 9  81 
l 5 8 6 6 1  I I 0  
158663  110 
I 5 8 6 6 5  93 
I 5 8 6 6 7  94 
l 5.8668 L O O  
158670  99 
I 5 8 6 7 5  7 7  
158684  I 2 0  
1 5 8 6 8 5  56 

l VENT 
K 

( X I  
I .3 
1.8 
1.7 
1.7 
1.7 
I .3 
1.1 
I. 4 
1.4 
1.5 
1 .6 '  
1.5 
I .3  
I .5 
1.4 
1.5 
1.4 
1.4 
1.2 
1.1 
1.5 
I .8 
1.3 
1.1 
1  .O 
I. 4 
I .4 
1.3 
1.2 
1.6 
1.8 
1.4 
1.3 
1.0 
0.87 
1.5 
1.7 
I .7 
2. I 
1.8 
2. I 
1.8 
2.1 
2. I 
I .6 
l .9 
1.6 
1.8 
1.9 
1.6 
I .9 
1.6 
1.5 
1.6 
3.0 

5R CE 
(PPV)  (PPM) 

2 4 0  I 4 0  
I S C  9 e  
150 52 
130 7 5  
15C 7 7  
130 52 
12C C 5 
17C 4 6 
17C 42 
ISC I 2 0  
170 65 
I ~ C  7 e  
14C I 0 0  
140 83  
17C 7 7 
I t C  79 
14C 7 5  
I 2 C  7 7  
140  I I 0  

5  5 4 1 
12C 8 8  
110 a 2 
ICC 5 3  
14C 4 3  
14C 4 I 
I 3  C t 4 

100 4 9  
ISC C 9 

' I 4 0  78 
170 74 
17C 70 
I 4 0  8 6  
l 7 C  5 0  
l 8 C  7 0  
I 3 0  4  1 
140 70  
I SC 7 I 
I 9 0  8  4  
I SO 92 
I S 0  94 
I t 0  6 9  
20C 4 C 
160 7 2  
160 e 8  
ZOC I L O  
180 8 1 
I 4 0  70  
I 7 0  99 
I S C  e s 
I 6 C  85 
I 6 0  8 0  
L5C 110 
I f C  8 1 
l 4 C  I 6 0  
2SC 110 

SECTION 3 OF 3 
TGAM TOT EK CPK EU CPU ETH CPTH 
LCPS) ( C P U )  1x1 (CPM) (PPM) (CP*)  ( W M )  ICPM) 

TABLE B-111. Analyses of sediment samples 

11-c 



RAFT RIVER - SEDIMENT 
OR SAMPLE- 0 .  0. E. SAM%€ NUMBER 

NUMBER ST L I T  LONG L T I  REP 
I 5 8 6 8 6  40 -41 .873  -113.422 -3-12- 
158687 40-41 .880 -113.451 -3-15- 
158688 40-41.878 -LI3 .453 -3-15- 
I 5 8 6 9 2  40-41.687 -113.787 -3-15- 
I 5 8 6 9 3  40-41 ~ 6 8 ' 3  -1  13.787 -3-15- 
158694 40-41.688 -113.791 -3-12- 
158696 40-42.036 -113.637 -3- - 
1 5 8 6 9 7  40-42.012 -113.643 -3- - 
I 5 8 6 9 9  40-41.968 -113.644 -3- - 
158718 40-41.812 -113.587 -3-12- 
158720  40-41.839 -113.660 - 3 1 5 -  
I 5 8 7 3 2  40-41.896 -113.200 -3-12- 
158735  40-41 - 9 3 8  -113.267 -3-12- 
158737  40-41.952 -113.265 -3-12- 
I 5 8 7 3 9  40-41.937 -113.281 -3-15- 
158742  40-41.957 -113.269 - 3 - 1 5  

U 
( PPM) 

3.0 
22. 

too. 
15. 
14. 
13. 

2.8 
2.7 
8.1 
2.8 
2.7 
2.7 
2.8 
1.6 
2.4 
4.6 

TP,BLE B - I  I I. Analyses o f  sediment samples 
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OR SAMPLE 
NUY8ER 
L 5 9 6 8 6  
1 5 8 6 8 7  
1 5 8 6 8 8  
1 5 8 6 9 2  
1 5 8 6 9 3  
1  5 8 6 9 4  
1 5 8 6 9 6  
1 5 8 6 9 7  
1 5 8 6 9 9  
1 5 8 7 1 6  
1 5 8 7 2 0  
1 5 8 7 3 2  
I 5 8 7 3 5  
1C.3737 
I 5 8 7 3 9  
1 5 8 7 4 2  

RAFT GIVER - SEOIYENT 
Cu FE L I 

IPPM) 1 % )  (PPMI 
17 2 . 2  2  0  
2 5  3.1 3  8  
2E 2. I 4 5  
7  4 4.2 4  a 
9 2  5. C 43  
37 3. 6  3  5  
2  0  2 .9  3  8  
14 2- 2  2  7  
I 4  2 . 2  2 5  
2  5 2 . 4  2 6  
< Z  31 0  4  7 
13 21 6  3 0  
I F  2.2 2  5 
26 3 . 9  3 4  
19 4 .0  3 4  
3 6  4.2 3 3  

MN 
(PPM)  

I 0 0 0  
6 8 0  
6 7 0  
5 7 0  
7 0 0  

I 1 0 0  
SOC 
b e 0  
4 8 0  
3 7 0  

100G 
4  b  0  
2 9 0  
77C 
6 9 0  
9 1 0  

TABLE 0-1 I I . Analyses of sediment sampl es 
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RAFT RIVER - SEDIME.NT 
OR SAUDLE ZN ZR 1: 

NUMBER (PPM) (PPM) (I) 
158686 U6 7 7  1 5 
I 5 8 6 8 7  120 34 1.3 
158688 94 54 1.3 
158692 100 a4 1.3 
I 5 8 6 9 3  I 1 0  3 6  1.4 
158694 5 8 3 3 1.2 
IS8696  86 7 5 1.7 
I 5 8 6 9 7  6 3 6* 1.6 
158699 63 64 1.5 
I 5 8 7 1  8 62 3 3 I .5 
158720 100 3 I 2.1 
I 5 8 7 3 2  59 37  I .S 
158735 82 7 9  1.3 
158737  e 3 3 e I 7 
158739 54 3 5  3.4 
158742 83 33  1.4 

SECT I ON 

TGAM TDT EK CPK EU W U  E r n  cPTn 

(CPS) (CPM) 1x1 (CPY) (PPY) I C P A I  IPPY) 1CPYI 

TABLE B-111 . Analyses of sediment samples 

12-c 



SAMPLE 

m 
154424 
154425 
154426 
154427 

GEO. 

C 
X b N  
Po 

FL 
PGSS 
P6SS 
P6Y 
6MP 
6MP 
P6Y 
P6UN 
P6Y 
PCUN 
00 
P6E 
P6E 
P6E 
P6E 
P6E 
P6UN 
P6E 
P6E 
P6E 
P6E 
6W 
OP 
POLS 
OP 
PCTR 
P6TR 
P6TR 
ou 
XE 
XUN 
ZHS 
XUN 
XE 
WG 
XE 
XE 
XUN 
DO 
MM 
CD 
PRO 

!:A 
P6A 
P6A 
P6A 
P6A 

!:: 
P6E 
P6E 
XE 
XE 
XUN 
XE 
XE 
OU 
P6E 
00 
P6E 
0 AL 

%kS 
P6A 
PEA 
QAG 
0 AG 
P6A 
P6A 
P6UN 

%!E 
P6E 
P6A 
P6E 
P6A 
P6A 
P6A 
P6A 
P6A 
P6A 
PEA 
P6A 

X$ 

SAMPLE 
NUMBER m 
154594 
154598 
154603 
154605 
154606 
154608 
15461 1 
15461 3 
15461 5 
154618 
154619 
154620 
154622 
154624 
154626 
154628 
154631 
154632 
154633 
154634 
154636 
154637 
154638 
154639 
154640 
154641 
154642 
154643 
154644 
154645 
154646 
154647 
154648 
154649 
154650 
154651 
154652 
154653 
154654 
154655 
154656 
154657 
154658 
154659 
154660 
154661 
154662 
154663 
154664 
154665 
154666 
154667 
154668 
154669 
154670 
154671 
154674 
154675 
154676 
154677 
154670 
154679 
154680 
154692 
154694 
154697 
154699 
154701 
154703 
154705 
154707 
154709 
15471 1 
154714 
154716 
154730 
154731 
154732 
154735 
154736 
154738 
154740 
154742 
154744 
154747 
154750 
154751 
154753 
154754 
154755 

GEO. 
CODE 
B6F- 
P6E 

::; 
PAS 

!!,; 
XE 
XUN 
P6E 
P6E 
P6E 
00 

% 
P6A 
PGSS 
P6A 
P6A 
P6A 

!06TR 
.P6E 
PO 
00 
Po 
Qo 
QO 
90 
QO 
Po 
00 

$A 
P6A 

!06E 
P6E 
P6E 
P6E 

!!E 
P6E 

!!E 
P6E 
6CB 
OP 
OP 
PO 
PO 

!: 
QO 

!!E 
P6A 
P6E 
P6E 
P6A 
P6A 
P6E 
P6E 
OP 
P6A 
P6A 
P60S 
PGTR 
PGTR 
P6E 
OP 
P6E 
Po 
Po 
P6E 
P6E 
Po 
00 

2 E  
P6E 
P6E 
P6E 
P6E 
P6E 
P60S 
PCOS 
P60S 

I P6E 
PCE 
P6E 

SAMPLE 

%% 
154758 
154759 
154760 
154762 
154763 
154764 
154765 
154767 
154769 
154770 
154773 
154775 
154777 
154779 
154780 
154781 
154785 
154787 
154789 
154792 
154794 
154795 
154796 
154798 
154801 
154802 
154804 
154805 
154806 
154808 
15481 2 
15481 4 
15481 6 
15481 8 
154820 
154821 
154825 
154827 
154830 
154832 
154834 
154837 
154838 
154839 
154840 
154842 
154843 
154844 
154849 
154850 
154851 
154853 
154856 
154857 
154861 
154862 
154864 
154866 
154868 
154870 
154871 
154872 
154873 
154874 
154875 
154876 
154877 
154879 
154880 
154882 
154883 
154885 
154886 
154892 
154894 
154895 
154896 
154897 
154898 
154899 
154900 
154901 
154904 
154905 
154906 
154907 
154909 
15491 1 
154912 
154914 

GEO. 
CODE - 
P6E 
P6E 
P6E 
P6E 
P6E 
P6E 
P6E 
P6E 
P6E 
P60S 
P6MI 
PGMI 
P60S 
P60S 
P6A 
P6E 
P6Y 
P6E 

!!A 
ZHS 
ro 
DO 
ro 
011 
XUN 
XUN 
6C8 
6CB 
QU 
0 AL 

Px: 
PO 
OP 
6CB 
OP 
WG 
WG 
P6E 
P6E 
P6E 
XUN 
XUN 
XE 
XE 
XE 
XE 
WG 
XE 
XE 
ou 
ou 
P6A 
P6A 
WG 
P6E 
P6E 
P6E 
P6E 
XE 
WG 
XE 
P6E 
P6E 
WG 
WG 
WG 
P6A 
P6A 
P6 A 
WG 
P6E 
P6E 
P6E 
TAP 
P6E 
P6E 
P6E 

3: 
TAP 
WG 
OF 
OF 

9TSL 
TSL 
PGTR 
PCTR 
P6A 

SAMPLE 
NUMBER - 
154916 
154920 
154922 
1.54923 
154924 
154925 
154928 
154930 
156363 
156364 
156365 
156366 
156367 
156368 
156369 
156370 
156371 
156372 
156373 
156374 
156375 
156376 
156377 
156378 
156379 
156380 
156381 
156382 
156383 
156384 
156385 
156386 
156387 
156388 
156389 
156391 
156392 
156393 
156394 
156395 
156396 
156397 
156398 
156399 
156400 
156402 
156403 
156404 
156406 
156410 
156417 
156418 
15641 9 
156421 
156422 
156423 
156424 
156427 
156428 
156429 
156430 
156431 
156432 
156433 
156434 
156435 
156436 
156437 
156438 
156439 
156440 
156441 
156442 
156443 
156445 
156446 
156447 
156448 
156450 
156451 
156453 
156456 
156457 
156458 
156459 
156460 
156462 
156464 
156465 
156466 
156469 

GEO. 

P6A 
P6A 
P6A 
PAS 

9;; 
XE 
WG 
PO 
6NS 
P6E 
MM 
ml 
2; 
DO 
DO 
6MP 
OAL 
PAL 
OAL 
PAL 
0 AL 

ItL 
XE 
ou 
WG 
WG 
P6E 
P6E 

!:E 
P6E 
WG 

9:E 
P6E 
WG 
WG 
TAP 
TAP 
P6E 
P6E 
WG 
6NS 
WG 
WG 
6Y 

!:E 
TAP 
TAP 
TAP 
TAP 
TAP 
WG 
TV 

8;s 
OF 
65 
MM 
MM 
MM 
MM 
MH 
OF 
OF 
GN 
GN 
QF 
QF 
GN 
TVG 
MM 
TVG 
PAL 

!:G 
OF 
m 
Mn 
6CB 
6Y 
WG 
WG 
6NS 
6NS 
6MP 
6C8 

SAMPLE 
NUMBER 
156470 
156473 
156482 
156483 
156485 
156487 
156488 
156494 
156504 
15651 7 
156518 
15651 9 
156520 
156521 
156523 
156424 
156525 
156526 
156527 
156528 
156529 
156532 
156535 
156537 
156530 
156539 
156540 
156541 
156546 
156549 
156552 
156554 
156556 
156557 
156562 
156564 
156568 
156569 
156573 
156575 
156576 
156578 
156579 
156580 
156581 
156583 
156584 
156586 
156589 
156590 
156591 
156592 
156593 
156598 
156603 
156605 
156609 
15661 3 
156614 
15661 6 
156622 
156624 
156628 
156630 
156634 
156636 
156637 
156640 
156644 
156645 
156647 
156650 
156651 
156653 
156654 
156655 
156658 
156659 
156661 
156662 
156663 
156665 
156666 
156672 
156673 
156676 
156678 
156679 
156681 
156682 
16GG83 

GEO. 
CODE - 
P6Y 
P6Y 
DC 
OC 
DC 

OF 

8; 
OF 
ou 
ZHS 
ZHS 
ZHS 
OP 
ZHS 
MG 
WG 
6s 
65 
6NS 
6NS 
6s 
WG 
P6E 
WG 
WG 
TV 
P6E 
XUN 
XE 
XUN 
ou 
OF 
P6E 
P6E 
OF 
OF 
P6A 
P6A 
P6A 
WG 
P6A 
b6E. 

6UN 
P6UN 
PGUN 
PGUN 
P6UN 
90 
P6Y 

$8 
6C8 
6CB 
P6Y 
P6UN 
PGUN 
P6Y 
6C8 
P6E 
P6E 
PO 
PGUN 
PGUN 
PGUN 
P6UN 
P6CN 
PGUN 
PGSS 
TS 
PGSS 
6CB 
OP 
OP 
OP 
6C8 

9:ss 
P6UN 
PCUN 
PGUN 
PGUN 
PGUN 
PCUN 
P6UN 

TABLE B - I V .  Geologic u n i t  code index f o r  sediment samples 

GEO. 
CODE - 
TSL 
6CB 
ECB 
TSL 

PC A 
PEA 
P6E 
P6E 
P6E 
P6E 
WG 
WG 
WG 
WG 
WG 
WG 
WG 
OF 
ou 
!iN 
XE 
GN 
OF 
OF 
OF 
9F 
OF 
6NS 
MM 
m 
m 
TVG 
GN 
MM 
MM 
EY 
ECB 
GN 
XUN 
XE 
WG 
XUN 
XE 
XE 
XUN 
XUN 
XUN 
XUN 
P6A 
XE 
XE 
WG 
PCTR 
TAP 
PEE 
WG 
TAP 
WG 
WG 
WG 
QF 
PAS 
XUN 
XE 
XE 
XE 
TSL 
TSL 
TSL 
TSL 
P6E 
P6E 
PEE 
P6E 
6C8 
YG 
XUN 
XE 

SAHPLE 
N W E R  

GEO. 
CODE - 
P6E 
P6A 
P6A 
TSL 
TSL 

rw 
PGUN 
P6E 
P6A 
PSSS 
PCSS 
PCSS 
PCSS 
6C8 
P6E 
P6E 
P6E 
6C8 
P6E 
P6A 
P6A 
P6E 
P6E 
P6E 
90 
P6AD 

QAG 
P6A 
P6A 
P6A 
P6A 
PEA 
0 AG 
P6A 
P6A 
P6A 
P6A 
6CB 
6CB 
PSE 
PCE 
PEA 
P6A 
P6A 
w s 
ECB 
ECB 
PCSS 
P6SS 
P6A 
P6A 
P6E 
PEA 
P6A 
P6A 
P6A 
P6A 
P6A 
P6A 
P6A 
PEA 
PAL 
PAL 
PAL 
PAL 
OP 
P60S 
P60S 
PGTR 
P60S 
PAL 
F6E 
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Figure B-2a. Logprobabi 1 i t y  p lots  o f  urani urn (f luorirnetrid uranium ( neutron 
act ivat ion)  and U/U-NT values i n  sediment samples. 



Figure B-2b. Logfrequency l o t s  o f  uranium (fl uorimetric) urani un eeutron 
act ivat ion 7 and U/U-NT values i n  sediment samples 
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Figure B-3. Areal distribution of uranium (fl  uo~irnetric) 
concentrations i n  sediment samples 
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Fiqure B-4. Areal d is t r ibu t ion  o f  uranium,(neutron act ivat ion)  
concentrations i n  sediment samples 



Figure B-5. Areal d i s t r i b u t i o n  o f  potassi  urn c o n c e n t r a t i ~ n s  
in sedtment samples 
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Figure 8-6. Areal d i s t r i b u t i o n  of vanadium concentrations 
i n  sediment samples 



saldues auaupas ub 
suo I~PJ~U~~UO~ un ipos JO uokqnq pas kp LpaJv 'L-8 adnbkd 



I ' l- -, - T-; - - - -  -- 

I 

. I... , . a s . .  , 

u n  

. I.,. , . a * . .  , 

. . ~ m l u n  IPPMI 
t _I L.l I. - - SI W M W H  

PROJECT - PLOTS 

Figure B-8. Areal distribution of thori urn concentrations 
in sediment samples 



F i  rrure B-9. Areal di stri bution of beryl 1 i urn concentrations 
in sediment samples 



* & F T  R I V E R  - ROCK 

N P L - S 4 ~ ~ L X Z L P  
BELOW C G E F F l C l E b T  --------LN-X~W-QBW&IlL-N-- 

M E I S U S A B L E  D E T E C T I O N  DETECT I O N  M I N I M U M  MAXIMUM STANDARD CF ROBUST - 
ELEMENT VALUES LIMIT LIMIT VALUE V ~ L U E  MEAN MEDIAN MODE DEVIA~ IU~YARIAT ION MEAN S. 0. MEIY 5 . 0 .  

U  
u-NT 
U / T U  

AG 
4 L  

3 
6 4  
BE 
C 4  
cu 
CU 
C U  
F  E  
L I 
HG 
MN 
MO 
N 4  
N B  
N I 
P 

SC 
T n  
r I 

V 
r 

Z N  
ZR 

K  
SR 
C E 

TGAM 
TOT 

E K  
C  P K  

C U  
CPU 
E TH 

C P T M  
T W U  

Table C-I. Summary s t a t i s t i c s  fo r  a l l  rock samples 



R A F T  R I V E R  P R C J E C T  - ROCKS 

F O P  6 E O L 3 C I C  C 0 3 E S : C C 3 0  

- - -_---__ __---- ----- 

Table C-I I. Summary s t a t i s t i c s  for  Quartzi te  of Clarks Basin 



R I F T  U I V F R  P R O J C C T  - F C C T E  

FCI? G C 3 L 9 G I C  CLI~ES: P C Y C  P C Y S  P L L O  > C E U  X E G Z  C Y L U  P C I b  

Y Q ~ - S ! E E L E 5 a _ h . @ L l Z T Q  
B E L O W  

U E A S U R A B L F :  D E T E C T  I O N  C E T E C T  I U N  W I L I P U N  N A X I ' 4 V Y  
E L S ' 4 Z N T  V A L U E S  L I M I T  L I M I r  V I L U E  V A L U E  

----- ---- ----- ------- 
U  9 8  7 < 9 . 2 5  < C - 2 5  5 - 8 0  

U - N T  1 0 5  0 . 4 0  8 . 7 0  
U / T U  I 0 5  0. L O  1  . 6 7  

A  G 0  1 0 5  < 2 < i < 2  
4  L I 0 5  C. I 4  8 . 8 9  

8 I 4  9 1  < 1 ~3 < I C  L 9  
Ll A 1 0 5  1 4  1  S P G  

BE 2  0  85 <I  <I 7  
C 4  38  6 7 <.3.05 CC.05 1 - 5 9  
C O  7  F 8  < J < 4 2 1  
C 9 1 0 5  1 3 0 0  
C  u L O O  5 <2 ( 2  I 2 1  
F 5 I 0 5  C - 0 5  7 .28  
L I 9 7  8  <I <I 3 3 
)rG 4  8 5 7 ( 2 . 0 5  <0 .05  I .39 
M Y  I 0 5  4  9 7 4  
MO I 1 0 4  < 4 <4 4  
N  A  I 5  9 0  < O m 0 5  <0 .05  4 . 3 6  
N B  4  1 0 1  < 4  <4 2 0 1  
N  I 98 7 <2 < E 5 4  

P 1 0 5  I I 2 0 7 7  

SC 8 2  2  3 <I < 1 18 
T H  8 3 2 2  < 2  < i I 4 6  
T I  1 0 5  t l 6546 

V I 0 3  2 < 2 < i  1 8 2  
V 9 0  15 < I  <I 3 8  

Z N  1 0 3  2 < 2 < 2  l l M  
ZR 3 7 6 8  (2 < 2 1 2  

K 1 0 5  0.04 2.67 
Sr) 1 0 5  2 2 8 6  
C E  8 4  2 I < I 0  ( 1 0  2 9 3  

C O C F F  I C  IkNr 
S T 4 t ~ ~ A C c l l  OF 

M E 4 N  Y E 0 1 4 N  MUUC U E V I A T l O h  V A H I A T l C h  

Table C - I  11. Summary s t a t i s t i c s  f o r  ( ? )  q u a r t z i  tes ,  Yost and Elba 



LA 5 A " : L C . ;  A k - < i &  

C t L O .  c ~ t t  F I L  1Cv.l L ~ I ~ & ? L Y ~ A B U Q L - -  
* ? a = d - ; : 4 ~ f  3 = 1 E C T I C h  C E T E C T l J h  M l h l n u M  M A x I * u M  S I A N L ) A h l >  ~t ---iULdil- 

E i f ~ ? * r  v 4 i d T >  ~ 1 - 1 1  L I . t l T  V A L U E  V A L U L ;  :4C4rr A .  M a t > =  3 t V L A T L b N  V A n I A l  1i.l.  P c A h  >. J. h ~ ~ h  j. a. 

< L' 

(10 

i 1 
<O.Ori 
<. 

< 2 

CO. 0s 

<U 

<3.05 
< 4 

3. i u  
L. .I,) 

3 . 1 1  

1 . t.0 
1 3  

2 0 i  
I 
J. LC 

I J 

Y 

a. 33 
L 

0.10 
2 5  ' 

1 .  Y'I 

+ 
+ 

3 0 ~  
I 

0 4 
79s 

112 
4 '  

0 

G 
0.09 

1 0  
7 ' )  

1.3': 
1. 7'9 
0. GL, 

< 2 
1 - 2 3  

<I 0 
2 0 %  
<I 
<as05 
< 4 

r u e  
3 
0.54 .. 
0. 0 7  

1 I 
i 4 
<O.Of 
< 4 
4 

I 1  9 

2 
5 3 

f a 3  

2 3 
4 

4 

2 
1. 2 7  

13 
5 u  

O.SL 
C. $ 0  

J.lo 

0 . 0 5  
0.2'9 
0. or. 
0.J 
J.cC 

1 . 1 3  

0.47 
0.03 
O.ba 
0. * c 
0.GC 

0.0 
0. lr 
0.20 
0.95 
0.37 
1 .o/ 
0.44 
0.51 
0.70 
0.6'. 
0.74 
0.77 
0.c1 
0.59 

Table C-IF. Summary statistics for Elba conglomerates 
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MFASU'LAJLC o i r e c r  IJX U C T I C T I ~ ~  Y I ~ I U U M . M A ~ I . ~ U X  S ~ ~ N O A A U  u i  ,---- eukY aI---.- 
k t  4 5 - 4 1  ' W ~ L U E S  L I M I T  Li 4 1 1  V A L U E  VLLUC %CAN M I i 3 1 A . i  M O U E  3 i V l A T l u E ~  Y 4 , < L A 1  llih f i ~ A t .  >. 0 -  * ~ A l r  3. J. 

Table  C-V., Summary. s t a t i s t i c s  for Precambri-gn X ( ? )  s c h i s t s ,  
E lba ,  Upper Narrows, Stevens Spr ing  
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Table C-VL Summary s ta t i s t i c s  for Archean adamel 1 i t e  and adamel 1 i t e  gneiss 



F O R  G E O L O G I C  C O O E S : P C 0 5  P C J  l P C h 5  4 G S H  h G G S  

------------------------------------------------------------------ 
LJQz-taEhESICuLEC 

5 E L 0 1  . C.OEFF I L  l E N 1  - ~ ~ 5 t k & " 4 1 I ~ h  
Y E 4 S U f i 4 9 L E  O E l E C T l O h  Z C T C C l l a h  q l h l U L W  W P X I H U M  S I A I E U A R V  UF -----Wu:Ip 

E L E u E N T V 4 L U E S  . L l U l T  L 1 - I T  V P L U E  V A L U E  ME4;J N t O l A N  YIJ[>E D E V L A T I G N  V A i l A T I b h  W t A h  S. J .  - = A h  a. C.. 

u 
U-NT 

Ir/ru 
A; 

4 L  
7 

I3 A 

a €  
c 4 

C O  
CQ 
C  U 
F E 
L  I 
Y G  
M N 
M 3  
N A  

N 9 
N I 

P 

SC 
r ti 
T I  

v 
Y 

Z N 

ZR 
K 

SR 
C E  

Table C-VII .Summary s t a t i s t i c s  for  Archean a th i s t s  



1.00 
1 252) 

L U M  
0.89*** 
O.89*** 1.00 
( 250) 6 263) 

L-U 

LUHl 

L-TH 

L-CE 

LTG* 

L-C 4 

L-NA 

L-4L 

L-K 

L-84 

L-SR 

L? P 

L- v 

L-C1 

L-LN 

L-MN 

L-PE 

L-TI 

L-SC 

L-V 

L-*G 

L-CR 

L-NI 

L-CU 

LCPK 

LCPU 

LErH 

L-EU 

LTOT 

1.00 
( 235) 

L-CE 
0. 7 Y * *  
0.77*** 1.00 
1 2 1 8 )  ( 2 2 8 )  

L 
0.64*** 0.56*** 
0.68*** 0.67*** 
( 5 1 )  1 5 0 )  

Notes : 

( 1 )  Pearson cor re la t ion /Spearman c o r r e l a t i o n / s a m p l e  
s i z e .  I f  e i t h e r  element has c o n c e n t r a t i o n  l e v e l  
below t h e  d e t e c t i o n  l i m i t ,  i t  i s  o m i t t e d  f r om t h e  
p a i r w i z e  computat ion.  

1.00 
1 261) 

L-BA 
a e s r e *  
0.84*** 1 -00 .  
1 261) 1 263) 

L-LI  

L-FE 

L-TI  

L-SC 

L-CR 

L-NI 

L-CU 

1.00 
4 ablr  

-0.01 
0-05 
( 631 

0.03 
0.10 
( 631 

0.04 
0.14 
1 102) 

0.13 
0-17. 
( 1021 

-0.07 
0.06 
( 6 2 )  

LCPK 

LCPU 

LETH 

1.00 
1 112) 

L-EU 
0.66*** 
0.71*** ( 112) 

( 1.00 1121 
LTOT 

0 .41**. 0.39e.m 
0.16 0.47*** 1-00 
6 641 1 0 4 1  

I I 1. Co r re l  a t t o n  m a t r i  'x f o r  v a r t a b l e s  determined fn rock  samples 
,7287- 

TASLE C-V 
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RAFT RIVER ROCK 
OR 54MPLE ZN ZR 

NUMBER ( P P M l  ( P P Y J  
1 5 4 4 4 0  3 4  3  
1 5 4 4 5 5  3  < 2  
1 5 4 4 5 6  9 6  1 6  
I 5 4 4 5 7  1 8  8  
1 5 4 4 9 0  4  ( 2  
1 5 4 4 9 8  4  0  2  
1 5 4 5 1  1  1 3 0  ( 2  
1 5 4 5 1 2  I 6  3  
1 5 4 5 1 4  8  < 2  
I 5 4 5 1  7  6  ( 2  
1 5 4 5 2 3  LOO 4  
1 5 4 5 2 4  1 0  <Z 

, 1 5 4 5 2 5  4  4  ( 2  
1 5 4 5 2 6  1 3 0  . 2  
1 5 4 5 2 9  
I 5 4 5 3 2  2 9  < 2  
1 5 4 5 3 3  5 ( 2  
I 5 4 5 3 4  3  0  2  
1 5 4 5 3 5  2 8 0  < 2  
1 5 4 5 3 6  4  8  2  
1 5 4 5 3 7  < 2  < 2  
1 5 4 5 3 9  9  < 2  
1 5 4 5 4 2  8  < 2  
1 5 4 5 4 7  6  5  3  
I 5 4 5 5 0  7  6  2 8 0  
1 5 4 5 5 1  4  2  
1 5 4 5 5 2  2  3  2  
1 5 4 5 5 3  6  < 2  
1 5 4 5 5 4  I 2  2  
1 5 4 5 5 5  2 1  4  
1 5 4 5 6 1  I 3 0  3  
1 5 4 5 6 6  4  2  
1 5 4 5 6 8  3  2  
1 5 4 5 8 1  2 7  2  
1 5 4 5 8 7  1 0 0  2  0  
1 5 4 5 8 9  
I 5 4 5 9 6  2  0  < 2  
1 5 4 6 0 1  1 2  < 2  
1 5 4 6 0 7  2 4  2  
I 5 4 6 0 9  1 2  2  
1 5 4 6 1 2  1 5  < 2 
1 5 4 6 1 4  I I 3  
1 5 4 6 4 6  8  4  6 4  
1 5 4 6 5 5  8 5  84  
1 5 4 7 1  8  3  < 2  
I 5 4 7 1 9  3 5  2  
1 5 4 7 2 0  1 2  ( 2  
1 5 4 7 2 1  4  < 2  
1 5 4 7 2 2  3  2 2  
1 5 4  723  3  1  < 2  
1 5 4 7 2 4  5  2  
1 5 4 7 2 5  1 6  <2 
1 5 4  7 2 6  I t  < 2  
I 5 4 7 2 7  2  2  3  
1 5 4 7 2 8  4  < 2  

SW . CE TGAM 
(PPMI  1PPYI  ( C P S I  

1 7 0  1 7 0  
6 2  < 1 0  
6  5  3 2  

1 1 0  1 5 0  
4  ( 1 0  

1 1 0  8 9  
2  3 0  8  1  

5  3  6  6  
8  1 8  
5  1 9  

73 8 9  
14  < I 0  
3  1  3 0  
82 1 5 0  

CPK 
( C P Y I  

2 4  
8  
2  

2  2  

CPU 
(CPUJ 

3  
2 
6  

ETH 
(PPMI  

3 .9  
2.2 
0 .9  
6.3 

SECT ION 3 OF 3 
CPTH TH/U , 

( CPL I 
4  ' 4 . 0  
I 0  - 5 9  
I 17. 
7  2.0 

1.7 
4 6  I .6  

5  - 0  
1 5 -  

2 .2  
12 .  

4.1 
1.7 
6.5 

, 2.3 

TOT E K 
(CPMI  ( X I  

7 5 0  15 .  
6 5 0  5 - 0  
5 5 0  3  - 0  
8 1 0  17.  

TABLE C-IX. Analyses o f  r o c k  samples 



OR SAYPL 
NUMBER 

154729 
154734 
154739 
154743 
154745 
154748 
154752 
154823 
154828 
15483b 
154859 
154878 
154a84 
154887  
154888  
154889  
154890  
154919 
156401 
156405 
156407  
156408 
I 5 6 4 0 9  
156411 
156412 
156413 
156414 
156415 
156416 
156420  
156425 
156426 
156468  
156471 
156472 
156594 
156601 
156602 
156646 
156675  
156680  
156684 
156698 
156699 
156700  
156707  
156709  
I S 6 7 1 0  
156719 
156720 
156724 
156730 
156731 
156738 
156 739 

RAFT RIVER ROCK 
.E 0. 0. E. S4MFLE hUYBER 
51  LA1 L O N G  L T I  REP 
4O-***LL+ - * * * * b L *  -3- - 
40-41.889 - 1 1 3 . i l O  -2-92- 
40-41.883 -113. 213 -3-92- 
40-41.932 -113.253 -3-92- 
40-41 - 9 2 7  -113.207 -3-92- 
40-61.522 - 1  13. 207 -3-92- 
40-41.925 -1  13. 192 -3-92- 
40-42.177 -1 13.682 -3-92- 
40-42.172 -1  13. C78 -2-92- 
40-42.321 -1  13.503 -3-92- 
40-42.193 -1 13.671 -3-92- 
40 -+ lab84  -113.735 -3-92- 
40-42. 056 - 1  13. C71 -3-92- 
40-42.067 -113.669 -3-92- 
40-42.072 -1 13.672 -3-92- 
40-42. 198 - 1  13. C83 -3-92- 
40-42.206 -1 13.677 -3-92- 
40-41.660 -1 13.739 -3-92- 
40-42.112 -1  13. t 9 8  -2-92- 
40-42. 109 -113.718 -3-92- 
40-42.135 -I 13.724 -3-92- 
40-42.149 - 1  13. 716 -3-92- 
40-42.147 -1 13. 755 -3-92- 
40-42.339 -1 13.541 -3-92- 
40-42.336 -1  13.579 -3-92- 
40-42.320 -1 13. t 9 1  -3-92- 
40-42.314 -113.580 -3-92- 
40-42.31 6 -1 13.558 -3-92- 
40-42.322 -1  13. 538 -3-92- 
40-42.076 -1 13.704 -3-92-  
40-42.008 -1 13.692 -3-92- 
40-42.009 - 1  13. C92 -3-92- 
40-41 - 8 7 3  -1 13.582 -3-92- 
40-41.879 -1 13.552 -3-92- 
40-41.886 -1  13.537 -3-92- 
40-41.916 -1 13. tb0 -3-92- 
40-42.361 -1 13.596 -3-92- 
40-42.363 -113.590 -3-92- 
40-41.922 -113.C86 -3-92- 
40-41.939 -1 13.695 -3-92- 
40-41.951 -1  13.539 -2-92- 
40-41.875 -1 13. 782 -3-92- 
40-41 - 9 8 6  -1 13.730 -3-92- 
40-411S86 -113.730 -3-92- 
40-41.987 -1 13. 736 -3-92- 
40-42.172 -1 13.712 -3-92- 
40-42.164 -1 13.704 -3-92- 
40-42. 158 - I  13. C95 -3 -92 -  
40-42.198 -1 13.693 -3-92- 
40-42.197 -1 13 . t92  -2-92- 
40-42.196 - 1  13. t 9 2  -3-92- 
40-42. 376 -1  13. C30 -3-92- 
40-42.375 -1 13.C38 -3-92- 
40-42. 133 - 1  13. €64 -3-92- 
40-42.131 -I 13. e58 -3-92-  

u 
( PPY 

U-NT 
(PPY) 

WTU e A 
t PP* I 

TABLE C-IX. Analyses o f  rock 

7-a 



R A F T  R I  
-E CU 

1 P P Y  

2  
< 2  

5  
2  5  
12 
4  6  
I 5  

2  
7  
7  

I 2  
5  
8  
4  
3  
5  

1 I 
3  
3  
2  
2  

4  3  
7  
3  

1 2  
5  8  

8  
< 2  
<2  

2  
3  

15 
5  

I 2  
2  2  
< 2  

4  
9  

I  I  
< 2  

8  
2  
3  

19 
3  

1 8  
2  
2  
2  

<2  
3  

< 2  
3  
3  

VER F O C I  
F E 

1 X )  

0 .27  
0 . 4 0  
0 . 1 3  
6- 0  
0 . 4 3  
4 . 7  
4 . 5  
1 . 1  
3  .o 
1 3  
0 . 5 4  
0 . 6 3 '  

' 0 . 2 4  
0 . 7 2  
1 . 5  
0 . 2 4  
I . 4  
0 . 4 4  
2 .3  
0 . 1 7  
0 . 1 0  
7 .8  
0 . 3 8  
1 . I  
0 . 6 5  
3 . 5  
4 . 4  

18.  
0 . 4 0  
0 .  I C 
0 . 3 5  
0 . 6 6  
0 . 1 9  
3 . 9  
4.1 
2 .7  
0 . 1 7  
4 .4  
4.1 
o . o e  
4 .6  
0 . 0 8  
0 . 4 5  
2 . 5  
1.4 
3 . 7  
1 3  
0 . 1 7  
0 . 2 1  
1 .6  
o . l e  
3. I 
0. I e 
0 . 4 8  

M N  

( PPY J 

17 
8  

15 
540 

7 8  
550 
42 0  

84 
190 
180  

5 9  
3  1 
I 6  
50 

180 
10 
5  7  

270 
240  

5  3  
9  

1500 
6  4  

I50  
6 8  

I70  
9 4  

190 
140 

7  
1  4  
2  9  
10 

360 
710 

44 
12 

64 0  
550 

6  
810  

10 
5 9  

230 
8  6  

390 
130 

5  
12 

180 
1 3  
77 

7  
6  

TABLE C - I X .  Analyses o f  rock samples 

SECT 
1 I  

( P P U )  

6 2 0  
220  

8  1  
3800 

440 
3200 
6400  
1200  
5500  
1500 
2  eo 

1400 
4 20 

2 8 0 0  
1500 

6 5 0  
1400  

2 50 
2700 
6 1 0  
I  SO' 

9000  
I s o  
8  20 
8CO 

3200 
I500  

3  50 
240 

56 
570 
520  
160  

3600 
3 5 0 0  
2200  

320 
7500  
6000  

E 1  
6600  

I 2 0  
540  

3100 
1000  
3400 
1300 
b 70 
e EO 

1700  
200 

1600 
340  
6 2 0  



RAFT RIVER ROCK 
0 9  S4MPLE ZN ZR 

HJMBER (PPM 1 (PPM) 
154 729 
154734 6 < 2 
154739 3 < 2 
154743 5 < 2 
154745 5 4  2  
154748 5 < 2 
154752 100 < 2 
154823 9 5  8  
154828 34 2 
154836 2 6  <2  
154859 4 0  3 
154878  2 2  2  
154884 1 2  4 
154887  9 2  
154888 1 2  I 2  
154889 4 2  4  
154890  8 11 
154919 8 6  2 
156401 2 2  3  
156405 6 6  2  
156407 18 < 2 
156408 1 0  < 2 
156409 11 0 2  
15641 1 8  < 2 
15641 2 2  7  3  
156413 5 C 2  
156414 4 7  (2  
156415 16  < 2 
156416 3 0  < 2 
156420  2 0  2  
156425 4 < 2 
156426 7 2  
156468 7 <2  
156471 4 (2  
156472  3 9  2 
156594 7 9  4 
156601  1 8  3 
156602 2 2  
156646  110 2 
156675 130  2 
156680 3 < 2 
156684 150  5 
156698 6 2  
156699  7 < 2 
156700  3 6  6 
156707 3 5  3 
156709  1JO <2  
156710 3 0  3 
156719 5 4  
156720  5 11 
156724 4 5  3  
156730  3 <2  
156731 10  2 
156738 5 2  
156739 3 <2  

TOT EK CPK 
(CPYI ' 1 % )  ICPM) 

0.1 
0.2 
0.3 
0.1 
0.2 
0 .3  
0.3 

SECTION 3 , O F  3 
CPTH Tn/u 
(CPY I 

TABLE C-IX. Analyses of rock samples 

2-c 



OR 5AVDL 
NUMBER 

1 5 6 7 4 0  
1 5 6 7 4 1  
1 5 6 7 0 2  
1 5 6 7 9 1  
1 5 6  792  
t 5 6 8 0 0  
1 5 6 8 3 7  
1 5 6 8 0 8  
L 5 6 8 0 9  
1 5 6 8 1 2  
1 5 6 8 1 7  
1 5 6 8 5 0  
1 5 6 8 5 5  
1 5 6 8 5 9  
1 5 8 5 1 9  
1 5 9 5 2 0  
1 5 8 5 2 4  
15 8 5 2 6  
1 5 8 5 2 8  
1 5 9 5 2 9  
1 5 8 5 3 1  
1 5 8 5 3 5  
1 5 8 5 4 0  
1 5 8 5 4 7  
1 5 8 5 5 4  
1 5 8 5 7 J  
1 5 8 5  79 
1 5 8 5 8 0  
1 5 8 5 8 2  
1 5 8 5 8 7  
1 5 8 5 8 8  
1 5 8 5 9 0  
1 5 8 5 9 1  
1 5 8 5 9 2  
1 5 8 5 9 5  
1 5 8 5 9 6  
1 5 8 5 9 8  
1 5 8 6 0 1  
1 5 8 6 1 5  
1 5 8 6  1 8  
1 5 8 6 1 9  
1 5 8 6 2 1  
1 5 8 6 2 5  
1 5 8 6 3 2  
1 5 8 6 3 9  
1 5 8 6 4 3  
1 5 8 6 4 4  
1 5 8 6 4 5  
1 5 8 6 4 9  
1 5 8 6 5 0  
1 5 8 6 5 1  
1 5 8 6 5 2  
1 5 8 6 5 3  
1 5 8 6 5 4  
1 5 8 6 5 5  

RAFT R I  VER ROCK 
.E 0 .  0. E. SAWFLE hUM8ER 
ST LAT LONG L T I  REP 
40-42 .132  -I 1 3 . e 5 7  -3 -92-  
40-42 .  130 -1  1 3 . € 4 2  -3 -92-  
4 0 - 4 2 .  115  - 1  13. € 3 2  -3 -92-  
4 0 - * * * * * *  - * * e b b * *  -3 -92-  
o o - r r * * * *  - r * * z r * r  -3 -92-  
4 0 - 4 2 . 0 0 6  - 1  1 3 . 1 2 1  - 2 - 9 2 -  
40-42 .190  -1 1 3 . 6 5 7  - 3 - 9 2 -  
4 0 - 4 2 . 1 9 4  -1 1 3 . t 4 2  -3 -92-  
4 0 - 4 2 .  1 s t  - 1  13. C35 -3 -92-  
40-41 .665  -1 1 3 . 7 4 6  -3 -92-  
40-42 .347  -1  1 3 . t l 9  - 3 - 9 2 -  
4 0 - 4 2 .  106  - 1  13. 717 - 3 - 9 2 -  
4 0 - 4 2 . 0 9 1  -1  13. 682 -3 -92-  
4 0 - 4 2 . 1 6 7  -1 13 .700  -3 -92-  
4 0 - * 1 . 5 1 2  -113.EOO ---92- 
40-41.  9 7 7  -1  13. e4L - 3 - 9 2 -  
4 0 - 4 1  - 9 5 9  -1 13 .702  -3 -92-  
4 0 - 4 1  - 0 0 0  - 1  13- 000 - 3 - 9 2 -  
4 0 - 4 1 . 9 5 2  -1 1 3 . 6 7 0  - 3 - 9 2 -  
4 0 - 4 1 . 9 5 2  -1 13 .  t 7 0  -3-92- 
4 0 - 4 1 . 5 8 3  -1.13.708 -3-92- 
4 0 - 4 1 . 7 8 6  -1 1 3 . 5 7 7  - 3 - 9 2 -  
4 0 - 4 1 . 7 8 8  -1  1 3 . 6 8 5  -3 -92-  
4 0 - 4 1 . 7 8 7  - 1  1 3 . 7 2 2  -3 -92-  
4 0 - 4 1 . 8 5 6  -1  1 3 . 5 0 8  -3 -92-  
4 0 - 4 1 . 8 5 8  - 1 1 3 . 4 1 3  -2 -92-  
4 0 - 4 1 . 8 4 6  - 1  13.C34 -1 -92-  
4 0 - 4 1 . 8 4 6  - 1 1 3 . 6 3 4  -3 -92-  
4 0 - 4 1 . 8 4 4  -1 13 .627  -3 -92-  
4 0 - 4 1 . 7 8 3  - 1  1 3 . t 1 8  -3 -92-  
40-41 .  7 6 7  -1  13. t 1 9  -3 -92-  
4 0 - 4 1 . 8 3 9  - 1 1 3 . 5 3 3  -3 -92-  
4 0 - 4 1 . 8 5 8  -1 1 3 . 5 2 8  - 3 - 9 2 -  
4 0 - 4 1 . 7 6 7  -1 1 3 . 6 6 5  - 3 - 9 2 -  
4 0 - 4 1  a 7 3 5  -1 1 3 . 7 2 9  -3 -92-  
4 0 - 4 1  ~ 7 3 5  -1 1 3 . 7 2 9  - 3 - 9 2 -  
4 0 - 4 1 . 8 5 8  - 1 1 3 .  528  -3 -92-  
4 0 - 4 1  7 2 3  -1 1 3 . 7 6 7  -3 -92-  
4 0 - 4 1 . 7 6 5  -1  13 .  727 -3 -92-  
4 0 - 4 1 . 9 7 9  - 1  1 3 . 8 2 8  - 3 - 9 2 -  
40-41 .  9 7 7  -1  13 .825  -3 -92-  
4 0 - 4 1 . 9 6 9  -1 13 .822  -3 -92-  
4 0 - 4 1 . 9 5 7  - 1  13. € 0 6  -3 -92-  
4 0 - 4 1 . 7 7 3  - 1  13. 759  -3-92- 
40-41  7 7 6  -1 1 3 . 7 6 9  -3-92- 
4 0 - 4 1 . 7 8 3  - 1  13.141 -2 -92-  
4 0 - 4 1 . 7 7 6  - 1  1 3 . 7 3 8  -3 -92-  
40-4 1 . 7 6 3  -1 1 3 . 7 3 8  -3 -92-  
4 0 - 4 2 . 2 8 2  - 1 1 3 . 6 0 3  - 3 - 9 2 -  
4 0 - 4 2 .  2 8 2  - 1  13. C03 -3 -92-  
4 0 - 4 2 . 2 8 2  -1 1 3 . 6 0 3  -3-92- 
4 0 - 4 2 . 2 8 2  -1  1 3 . t 0 3  -3 -92-  
40-42 .  2 8 2  - 1  13. t o 3  -3 -92-  
4 0 - 4 2 . 2 8 2  - 1  13 .603  -3 -92-  
4 0 - 4 1 . 9 2 4  -1  13 .781  -3 -92-  

U-NT 
(PPMJ 

1.3 
0 . 9 0  
2.0 
0 .70  
0 . 7 0  
3 .3  
2.7 
3 .5  
7.6 
2.5 
3 . 8  
4.2 
2  - 6  
3 . 2  
0 . 7 0  
3 .1  
5.9 
2.8 
0 . 4 0  
7.1 
2.3 
3 . 3  
4. 1  
0 . 9 0  
6  - 2  
1.0 
1  .I 
1.3 
0.90 
0. 9 0  
0  - 4 0  
0 . 8 0  
2.3 
0  - 6 0  
0 . 1 0  
2. 4  
4.6 
0 . 4  
1.6 
2.2 
5  - 8  

0 . 9 0  
2 .3  
0 . 8 0  
1.6 
3 .9  
1.7 
1 .3  
0.90 
0 .60  
8.0 
3 . 5  
0 . 6 0  
0 . 7 0  

SECT 
C A 

( X I  
< 0 . 0 5  
<O.OC 
I. i 
0. Ob 

( 0  - 0 5  
0 . 5 7  
0 . 7 6  
0 . 7 1  
0 . 1 2  
0.E4 
0 . 3 1  
1 . 1  
1.2 
0 . 4 5  

<O.OC 
O i  14  
0 . 2 7  
0 . 2 4  
0 .10  
1.6 
O..E 
0 .21  
0 .24  

< 0 . 0 5  
0 . 6 5  

( 0 . 0 5  
0 .  17 
0. 0 8  

<o . 0 5  
o . z e  

( 0 . 0 5  
( 0 . 0 5  
I .2 

<0.05 
<o .05  

0 . 4 1  
0 . 2 7  
0 .26  
0 . t 3  

<3.OL 
0.45 
0 . 5 2  
0 .14  
0 . 5 0  

( 0 . 0 5  
< 3 . 0 5  

0 . 1 6  
0 . 5 6  
0 . 2 8  
0 .09  

( 0 . 0 5  
0  - 0 7  

<O.OE 
( 0 . 0 5  
<o . 0 5  

ION 1  O F  
C 0 

PPY I 
<a 
<4  
< 4  
<4  
< 4 
2  3  
< 4 
I 9  
<4  
<a  

7  
4  

< 4 
8  

<4  
< 4 

7  
4  

< 4 
2  0  
<4  
< 4  
10 
<4 
<4 
<a 
<4 
< 4 
< 4 
< 4 
<4 
< 4 
19 
<4  
<a 
< 4 
<a  
< 4 
2  2  
<4 
< 4 
< 4 
< 4 
< 4 
< 4 
< 4 
<4  
<4 
<4  
< 4 
<4  
<4 
<a 
<4  
<* 

TABLE C-IX. Analyses o f  r ock  samples 

3-a 



RAFT RIVER ROCK 
.E  C U  F  E 

I P P M I  1 x 1  
( 2  0 . 8 4  

2  0 . 4  1  
7 o . 9 e  
9  0 . 4 6  
5  0 . 3 3  

3  5  5.4 
< 2  1 .6  
< 2  7 .0  

6  0 . 3 1  
6  1.6 
4  3 . 8  

I 8  2 .3  
3  1 . 9  

2  0  3  .o 
2  0 . 3  1  
4  0 . 4 0  

10 2.9 
- 8  0 . 5 5  

4  0 . 1 5  
9 0  6 .4  
< 2 0 . 8 5  
20 2 . 0  
2 9  4 .4  

3  0 . 1 0  
3  1.6 
3  0 . 2 5  

< 2  0 . 3 6  
< 2  0 . 5 5  

3  0.1 t 
2  0 . 2 9  
3  0 . 0 5  
2  0 .1  b  

5 9  4 .2 
3  0 .1  1 

< 2  <O.Of 
3  0.1 e 
3  1 .7  
3  0 . 2 7  

2  2  0 . 8 t  
2  0 . 2 3  
5  0 . 2 3  
5 0 . 1 9  
2  0 . 6 5  
2  1 .3  
7 0 . 4 5  
3  0 . 1 0  

< 2  1 .9  
< 2  0 . 5 5  

6  0 . 8 2  
7  0 . 3 0  
9 0 . 2 2  
6  0 . 2 3  

1 2  0 . 3 5  
3  0 .1  7 
4  0 . 3 2  

L1 
I P P M  ) 

4  
2 5  
3 3  

2  
< 1  
35  
15 
4  2  

4  
4  7  
15 
2 5  
2 5  
12 

5  
10 
11 

7  
3  

25 
6  

18 
2 6  

1  
10 

1  
3  
4  
2 
2  
I  
I 

2  7 
2  
1  
5  

I I  
23 

7  
4  

I  I  
5  
9  

1  b 
2  

< 1  
15 

7  
2  
2  
1  
1 
2  
1  
1  

Y N  
( P P Y  1 

12 
2  6  

250  
73 
2  5  

330  
150 
50 0  

3  '3 
110 
100 
280 
I60  
520 

14 
180  
450 

6 4  
110 
890 

51 
21 0  
6 7 0  

8  
180  

19 
7 5 
2  1  
14 
16 

5 
4  

1000 
5  3 
<4  
5  3  

120 
300 

6  8  
10 

51 0  
5 8  

120 
100 

3  8  
7  

4  6  
7  3  
6 6  
2  9  
1 3  
20 
1 8  
15 

9  

P  SC 1 H 

( P F Y )  ( F P M I  I P P Y )  
110 3  7  
52 1 4 

240 2  5  
iC0 1 5  
ee  I 2  

220 17 7 
2 eo 3  5s 

1EOO 12 4 7  
530 2  8  1  
C E O  4  19 

1200 14 18 
680 4 29 
e 40 3  3  I 
460 8 16 

12  I 2 
9 6  2  4  

G O O  I e 9  
9EO 6 16 

23  I 6  
7 t o  i e 1 6  
4 5 0  3  2b 
i BO 11 9  
L E 0  11 1 3  
27 < I  <2  

3  40 3 5 7  
4 e I 2  

iEO 1 12 
120 2  15 
iS I 11 

1200 2  10 
4 s  1 5  
e3 1 8  

300 12 18 
7 0  I 4 
6 < 1 2  

150 < 1 <2  
5 7 0  3 6  1  
1  I 0  4 I  I  
zeo 6  4 3  
4  5  1 22  

320 < 1  5  
160 I 3  
5 8  1 3 

280 2  2 9  
es I . 2  
3 4  < 1 <2  

7  TO 2  3 1  
120 1 6  
520 3  13 
9 1 1 9  
6 0  1 5  

140 2 79 
99 1 3  4 
24 1  5  
56 1  6  

TABLE C-IX. Analyses of rock samples 

b 



RAFT FIVER KOC* 
O R  SAMPLE ZN Z R 

NUM8ER IPPMI IPPMI 
156740 10  <2 
156741 6 < 2 
156742 . 3 6  <2 
156791 4 < 2 
156792 2 (2  
156800 8 9  (2  
156807 4 I 4 
1  56808 9 9  3  
156809 10  7 
156812 5 4  2 
156817 2 0  2 
156850 6 1  2 
156855 5 1  2  
156859 5 3  <2 
15851 9 4  < 2 
158520 1 6  2  
15852 4 2  8  3  
158526 15 2 
15852 8 9  (2  
158529 120  4 
158531 1 I 2 
158535 9 9  3  
158540 100 3 
158547 4 < 2 
158554 3 6  6  
158570  7 < 2 
158579 7 2 
158580 5 2  
158582 3 2  
158587  2 <2  
158588 (2  < 2 
158590  3 < 2 
I 5 8 5 9 1  8 I 2 
158592 2 2  
158595 < 2 < 2 
158596 13  (2  
158598  4 5  6  
15860 1 I I 5 
158615 3 2  15 
158618 4 2  
158619 1 1  2 
158621 3 2 
158625 2 1  <2 
158632 6 5  3 
158639 8 <2 
158643 6 ( 2 .  
158644 18  3 
158645 I 6  < 2 
158649 8 2 
158650  8 2  
158651 1 8  <2  
158652 10  8 
158653 9 3  
158654 7 < 2 
158655  7 .2 

TABLE C-I>:. 

TOT E K  CPK 
(CPNI ( X I  ICPMI 

0.1 
0 .2  
0 .3  

10000 0 .4 4  0  
7800 0.5 32  

Analyses o f  r o c k  samples 

SECTION 3 OF 
CPTH Tn/u 
I CPV J 

5.4 
4.4 
2.5 

i 1 7.1 
14 2  - 9  

2.1 
20.. 
13. 
11. 

7  -6 
4 . 7  
6  -9  

12. 
5.0 
2.s 
1.3 
1.5 
5.7 

15. 
2.3 

€ 8  , LO. 
2.7 
3.2 ' 

1 .I 
S.2 
2.0 

11. 
12. 
12. 
11. 
13. 
10. 

7.8 
6  -7  

20. 
0 . I 2  

13. 
1.7 

27. 
10. 
0  .8b 



OR SAMPL 
NUMBER 

158656 
158671 
158672 
158673 
158674 
158676 
158677 
158681 
158689 
158690 
158691 
158700 
158701 
158702 
158703 
158704 
158705 
158706 
158709 
158710 
15871 1 
158713 
158714 
15871 5 
158716 
I 5 8 7 2 1  
158722 
158724 
158725 
158726 
158727 
158728 
158729 
158730 
158731 
158734 
158738  
158741 
158 743 
158744 
158745 
158746 
158747  
158748 
158749 
158750  
158751  
158915 
158916 
15891 7 
158918 
158919 

I 158920 
IV 158921 
w 
u 158922 

I 

RAFT RIVER ROCK 
E 0.  0. E. SAMPLE hUYBER 
sr LIT LONG L T Y R E P  
40-41.526 - 1  13.7e6 -3-92- 
40-41.719 -1 13.728 -3-92- 
40-41.720 - 1  13.724 -2-92- 
40-41. 723 -1 13. 71 7 -3-92- 
40-41.726 -1 13.715 -3-92- 
40-41.735 -113.699 -3-92- 
40-41. 744 -1 13. t 8 6  -3-92- 
40-41.712 -1 13.711 -3-92- 
40-41.689 -113.746 -3-92- 
40-41.691 - 1  13. 758 -3-92- 
40-41 - 6 9 2  -1 13.776 -3-92- 
40-41.883 -113.560 -+92-  
40-41.e83 -1  13.560 - f - 9 2 -  
40 -01  - 8 8 3  -1 13.560 -3-92-  
40-41.883 -1 13.560 -3-92- 
40-41. 894 -1  13.550 -3-92- 
40-41.907 -1 13.559 -3-92- 
40-41.520 -113.563 -3-92- 
40-42.080 - 1  13. t 6 9  -3-92- 
40-42.080 -1 13.669 -3-92- 
40-42.080 -1 13 . t69  -3-92- 
40-41.816 -1  13. t l 8  --l-92- 
40-41. 816 -1 13. C18 -3-92- 
40-41 - 9 1 6  -1 13. C18 -3-92- 
40-41.816 - 1  13.C18 - 1 9 2 -  
40-41.858 -1 13. 487 -3-92- 
40-41 - 9 5 2  -1 13. t44  -3-92- 
40-41.es9 -113. t 6 1  -3-92- 
40-41.854 -1  13.487 -3-92- 
40-41.954 -113.487 -3-92- 
40-41.854 - 1  13.487 -2-92- 
40-41. 854 -1 13. *87 -3-92- 
40-4 1.954 -1 13.487 -3-92- 
40-41.854 -113.487 -3-92- 
40-41. 854 - 1  13. 487 -3-92- 
40-41.936 -113.268 -3-92- 
40-41.952 -1 13.264 -3-92- 
4 0 - 4 1 . ~ 3 6  - 1 i 3 . 2 e o  -3-92-  
40-41.958 -113.270 -3-92- 
40-41.957 -1 13.356 -3-92- 
40-41.957 - 1  13. 354 -3-92- 
40-41.906 -1 13.355 -3-92- 
40-41 - 9 5 6  -1 13.357 -3-92- 
40-41.895 - 1  13. 201 -3-92- 
40-41. 895 .-I 13. 201 -3-92- 
40-41.895 -1 13- 201 -3-92- 
40-41.771 -113.700 -3-92- 
40-42.319 -1 13. t03  -3-92- 
40-42.302 -1 13.552 -3-92- 
40-42.302 - 1  13.552 -3-92- 
40-42.299 -1 13.554 -3-92- 
40-42.223 -113 . t02  -3-92-  
40-42.223 - 1  13.C01 -2-92- 
40-42.111 -113.508 -3-92- 
40-42. i 2 8  -1 14.250 -3-92- 

U 
( PP* ) 

1 .8 
1 .o 
2.8 
1.2 
1.3 
2.9 
0.71 
1.6 
2.9 

13. 

U-NT 
(PPW) 

6.5 
2.4 
3.3 
2 -4 
2.8 
5 .5  
0 -90 
2 . 6  
3 .6  

14. 
9.2 
1.0 
1.3 
L .o 
2.0 
3.4 
1.5 
2.2 
3.8 
1.7 
1.2 
2.9 
2.5 
7.1 
0.70 
5.4 
0.50 
0.90 
I. 3 
0.60 
0.80 
0 -70 
1 .O 
1.0 
1.7 
4.8 
3 .8  
2.2 
0.70 
3.9 
0.80 
2 - 6  
2.4 
b.2 
1.4 
2.6 

SECTION 1 OF 
C A C 0 

1 % )  IPP*)  
1.0 6 
O.ES <4 
0 . 5 5 '  < 4 
0.50 18  
1.1 <4 
0 .30  7 

<0.05 <4 
0.e3 (4 
1.2 < 4 
0.22 <4 

86 
9 e 
75 

250 
60 0 
430 
220 

.?? 
3. 
6 6  

950 
e s o  
780 

37 
610 
150 
ii0 
140 
3e 
52  
5 1 
7 5 

110 
7 1 

er o 
290  
400 

5 E  
170 

9 5 
I 2 0  
55 0 

1100 
110 - 
43 0 

TABLE C - I X .  Analyses of rock sa'mples 

4- a 



R A F T  RIVER 
OR S A M P L E  C U  

NUMSCR . I  P P M  I 
158656 17 
158671 4 
158672 9 
158673 4 
158674 9 
1586T6 5 
158677 3 
158681 . 1 5  
158689 3 0  
158690 12  
158691 
158700 4 

' 158701 4 
158702 3 
158703 4 
158704 2 8  
158705 5 
158706 . 17  
158709 3 
158710 4 
15871 1 3  
158713 2 
15871 4 4  
159715 6 
158716 3 
158721 5 
158722 7 
158724 1 0  
158725 4 
I 5 8 7 2 6  4 
158727 4 
158728 3 
158729 4 
158730 2 
158731 8 
158734 I I 
158738  2 9  
158741 9 
158743 10  
158744 7 
158745 5 
158746 6 
I 5 8 7 4 7  I I 
I 5 8 7 4 8  6 4  
158749 3 
158750 6 7  
158751 
158915 2 
158916 15 
158917 3 
158918 5 2  
I 5 8 9 i 9  10  

I 
N 158920 2 3  

Ul 158921 < 2 

7 I 5 8 9 2 2  6 

I ROCK 
F E  

I % )  

5. 4' 
1.3 
0.9 1  
5.6 
1.4 
3 .3  
0 .60  
0 .86 
1.3 
0.45 

L I 
I PPM I 

4 2  
14 

5  
4  2  
10 
2  6  

3  
10 
4  5  
17  

S E C T I O N  2  O F  3  
1 1  v ? 

IPPUI  IPP*) IPPU) 

7600 73 2 0  
I lOO I 1  5  

s t 0  5 5 
3400  100 9 
1100  I I 8 
2100 39 3 4  

770  15 2 
6  20 8 .  9  
aeo , 12 3 
170 3 1 0  

TABLE C - I X .  Analyses of  rock 



R A F T  6 I V E R  SOCK 
W ZR 

( P P * )  ( P F * )  
170 C 2 
31 - (2 
25 : .  3 
130 ' <2 
4 1 4 
3 7 5 
4 c2 
28 3 
5 7 2 
2 I 3 

Y 
( X I  
2.3 
2 -6 
2.3 
2.5 
1.3 
3.8 
0.95 
i. 8 
1.7 
3.0 

TGAM 
( W S )  

0 
2400 
6300 ' 

4500 
5300 
6900. 

450 

S E C T I O N  3 O F  3 

TOT E K C PK E U CPU E T H  C P T b  l H / U  
( C P M )  ( % I  1 C P M I  ( F F M )  (CPYB ( P P M I  I C P L I  

2.6 
8 -8 
9.7 
7.1 
1Q. 
P.3 
2.2 
14. 
4 .b 
0.01 

TABLE C- I .X ,  Analyses of r o c k  sampl'es 

4-c 



R A F T  R I V E R  R O C K  
-E D. G. E. S A M F L E  hUMBER 

S T  L I T  L O h G  L T V R E  
40-42.250 -1 13. C89 -3-92- 
40-42.222 -1 13.676 -3-92- 
40-42.124 -1 13.483 -3-92- 
40-42.122 -1 13.483 -3-92- 
40-42.175 -1  13. 730 -2-92- 
40-42.182 - 1  13. 705 -3-92- 
40-42.049 -1 13.745 -3-92- 
~o-~z.OI& - 1  12. 456 -3-92- 
40-42.032 -1 13.735 -3-92- 
40-a1.992 -I 13.716 -3-92- 
40-42.021 -1 13.684 -3-92- 
40-42.03s -1 13.t7l -3-92- 
40-42.101 -1 13.629 -3-92- 
40-42.107 -1 13.t23 -3-92- 
40-41.521 -112.440 -3-92- 
'40-41 -921 -1 13.419 -3-92- 
40-41.935 -1 13.403 -3-92- 
40-41.954 -1 13.275 -2-92- 
40-41.901 -1 13. 442 -3-92- 
40-41 -000 -1 13-000 -3-92- 
40-41.585 -1 13. t64 -3-92- 
40-41.904 -113.Cl6 -3-92- 
40-41.903 -1 13.615 -3-92- 
40-41.980 -113. 224 -2-52- 
60-42.245 -1 13- 711 -3-92- 
40-41.951 -1 13.325 -3-92- 
40-41.901 -1 13.250 -3-92- 
40-41.954 - 1  13. 249 -3-92- 
40-41 -951 -1 13.349 -3-92- 
40-b1.951 -113.175 -3-92- 
40-41.567 -113. 202 -3-92- 
40-61.983 -1 13.304 -3-92- 
40-41.969 -1  13.220 -2-52- 
40-41.991 -113.254 -3-92- 
40-42.292 -1 13.529 -3-92- 
40-42.209 -1 13.557 -2-92- 
40-42. 178 -1 13. el2 -3-92- 
40-42. 243 -1 13. t66 -3-92- 
40-*44**L - L * * b * l *  -3-92- 
40-b2.026 -1  13.745 -3-92- 
40-41.960 -113.281 -3-92- 
40-41.960 -1 13.279 -3-92- 
40-41.919 -1  13. 481 -3-52- 
40-41.921 -113.483 -3-92- 
40-42.111 -113.068 -2-92- 
40-42.107 -1 12. 476 -*92- 
40-02.088 - 1  13.455 -3-92- 
40-42.226 -1 13.e99 -3-92- 

U-NT 
1 P P M I  
1.7 
8. 7 
1.0 
3.6 
0.40 
3.a 
0.60 
5.0 
1.4 
2.3 
0.70 
0.80 
1.2 
4.3 
5.4 
1.2 
5.3 
1.1 
0 .50 
0.70 
0.80 
1.2 
1.4 
4.3 
3.2 
4.6 
0.70 
5.1 
IS. 
3.0 
6.3 
1.4 

13. 
7.2 
0.70 
0.70 
0.70 
0.40 
1.6 
0.60 
2.5 
0.60 
3.0 
5.4 
6.3 
3.0 
0 -60 
0.60 

B  8 A  BE 
( P F M J  ( P P M  1  ( P P M J  

I0 260 1 
< 10 520 I 
< 10 7 7 < 1 
i 5 520 3 

(10 5 1 < 1 
< 10 580 3 
< 10 540 . <I 
20 990 4 

< I C  l e o  < I  
(10 380 3 
(10 85 < 1 
< 10 180 < 1 
10 390 1 
10 790 5 

< 10 720 2 
< 10 670 1 
< 10 960 3 
< L O  180 < 1 
( 1 0  5 a <I 
< 10 72 < 1 
< 10 4e < I 
< 10 6 4 < 1 

1 1  160 < 1 
< 10 670 1 
i E 42G 2 

a LO €2 0 3 
< 10 4 2 < 1 
< 10 e I o 3 
<I0 20 0 I 
< 10 5e 0 2 
i 2 €10 1 

< 10 230 1 
12 160 < 1 
3 6 520 4 
(10 6 E < 1 
< 10 130 < 1 
< 10 4' < 1 
< 10 4 0 < 1 
<I0 830 1 
< 10 20 < 1 
< 10 CSO 2 
10 25 < 1 

(10 210 1 
i C 550 3 
1 b 720 5 

(10 6 4 <I 
< 10 4 4 < 1 
< 10 4 0 < 1 

TABLE C-IX. Analyses o f  rock samples 

5-a 



R4FT RIVER ROCK 
OR 5AMPl.E CU FE 

NUMBER (PPMI ( X I  
158923 3 0 .55  
158924 3 1.3 
158925.  8 0 . 3 1  
158926 1 8  1 3 
158927 3 0.1 4 
158928 3 5  4.1 
158929 2 0.OC 
158930 7 4.6 
158931  4 0 . 1 6  
158932 5 4  5.1 
158933 7 0 . 2 8  
158934 4 0 . 2 1  
158935 17  1.5 
1.58936 2 3  6.0 
158937 15 5.6 

1 5 8 9 3 e  . 4 1. 8 
158939 5 4.7 
158940 13  0.47 
158941 4 0 .12 
158959  . 4 .  0 .14  
1 58960 3 0 . 1 9  
158961 4 0 .17 
158962 10  0 . 5 0  
158986 8 1.8 
158987  4 2.8 
158988  2 1 .2 
158989  5 0 .16 
I S 8 9 9 0  4 1.4 
158991 7 0 .20 
158992 7 7 6.6 
158955 4 2.1 
158996 8 0 . 3 9  
158397 7 0 .27 
1 58998  4 3.3 
158999  5 0 .33 
159000  3 0.42 
159001 9 0.35 
159002  4 0 .14  
159003 2 1 5.5 
159004 I 3  0 .11 
159005 1 4  6.5 
159006  4 0 - 1 4  
159007 7 0 .42 
159008 ' 1 2  2.8 
159009  4 4 -0  
159010  5 0.3E 
15901 1 . 3  0 .20 
159012 6 0 .30 

L I 
( PPM 1 

3 
2 
5 

25  
1 

16 
6 

I 4  
7 

I 6  
I 
2 

1 I 
22 
18  
P 6 
21 

1 
I 
2 

< I  
3 
5 
9 

26  
14 

1 
13 
I 

3 2 
7 
3 
2 

2 0 
1 
1 
1 
1 

5 5 
2 

2 4 
1 
4 

13  
2 1 

7 
3 
I 

SECT ION 2 OF 
1 I V 

IPPU)  . l P P M )  
810  l b .  

2 5 0 0  2 8 
430 9 

3600  84 
2 2 0  7 

5900  92  
e r! 3 

4 4 0 0  72 
300  7 

3 5 0 0  110 
,150 . 5 
450 6 

1 200  3 0  
7300 100 
2600  54 
I S 0 0  24 
2900  55 

320  13  
3 0 0  4 
I 2 0  . 5 
110 5 
~ i o  5 
6 9 0  20 

2400  2 8  
4000  130 
1200 I I 

4 40 7 
1100  11 
1 6 0 0 .  23 
3900  1 SO 
4300  63 

5 9 0  2 0 
1200  29 
3700  72 

180 10 
150 8 
1 i 0  3 

7 8 5 
4800  104 

75  3 
3 9 0 0  I 5 0  

9 1 6 
740  23 

3 7 0 0  63  . 
5 0 0 0  77 

8 7 0  11 
3 1 0  6 
170 7 

TABLE C-IX. Analyses of rock  samples 

5-b 



R A F T  PIVER COCK 
OR S4WPLE ZN ZR 

M J M B E R  IPPIO IPPLO 
158923 6 3  
159924 9 5  
158925 5 < 2 
158926 12 3 
158927 2 <2 
a58928 7 6  < 2 
158929 < 2 2 
I 5 9 9 3 0  2 5  < 2 
158931 2 3  
158932 8 1  < 2 
153933 6 < 2 
159934 4 2  
159935 16 3 
159936 150 9 
153937 3 9  2  
158938 3 9 < 2 
158939 . 5 3  < 2 
158940 3 2  
158941 2 < 2 
158959 4 . 2  
158960 4 < 2 
15896 1 3  <2  
158962 4 . <2 
1 58986  1 1  2 
158987 18  2 
158988 3 3  5 
158989 2 <2 
158250  3 0  6  
158991  20 20 
158952 140 < 2 
1589 95 14 3 
1589 96 5 < 2 
158957 4 11 
158998 20 2 
158999 2 < 2 
159000 4 (2  
159001  5 2  
159002  5 <2  
159003 12 0 <2 
159004 5 < 2 
159005 9 2  < 2 
159006 3 (2 
159007 6 2 
159808 2 5 3  
159509 2 8  . 3 
159010 3 
15901 1 4  < 2 
159012  8 <2 

TGAM T O T  
1CPS) (CPM) 

7500 
9600  
9800 

10000 
9000 
9200 
8600 
8700 
6900 
7300 

EK CPK 
1x1 ICPM) 

1.1 5  6 
2.3 120 
0.5 3 8  
5 .1  210  
1 .o 4 4  

1.6 9 5 
2 .3  L O O  
5.0 2 2 0  
0.7 -a= -- 
2.2 5 5 

TABLE C - I X .  Analyses of rock samples 

5-c 



SAMPLE .GEO. :SAMPLE. GEO. SAMPLE GEO, 
NUMBER CODE N U M B E R = . - -  - NUMBER -. CODE 

UKQO 
PEEP 
PGM 1 
PETR 
XEQZ 
XUNS 
PCSS 
PGEC 
PGEQ 
PCEQ 
PGYU 
PCUN 
PGUN 
PGSS 
PESS 
PEYQ 
PEYQ 
PEA0 
PESS 
sceo 
6CB9 
ECBQ 
ccew 
PEA0 
QAGT 
PEEQ 
PCAD 
PCUN 
PGYQ 
PEES 
PEUN 
PEEP 
PEEP 
PEAG 
EC8Q 
PO 
EC8Q 
EceQ 
XUNS 
XUNS 
XUNS 
XUNS 
PEEP 
PEOS 
PEEP 
PEEP 
PEOS 
PEOS 
PGEQ 
OP 
OP 
PEES 
PEE0 
P s t y  
PCEQ 
PC EQ 
PEES 
PEOS 
WGGN 
WGAD 
XUNS 
WGAO 
PCAG 
PEEP 
PEEQ 
PEEP 
WGAD 
PEEP 
PEAG 
TAP 
WGSH 
PEEQ 
PEEQ 
ENS 
XEQZ 
WGAO 
ZHSQ 
XUNS 
XEQZ 
XUNS 
TAP 
PEEQ 
PEEC 
EC8Q 
PEYQ 
PESS 

PEUN 
XUNS 
XEQZ 
PEUN 
PEUN 
PCYQ 
PESS 
PEEP 
PEES 
PGES 
UGAD 
WGAD 
UGAD 
PGEC 
PEEC 
UGAO 
ZHSQ 
XUNS 
PEEQ 
PEEQ 
PCEQ 
PGEQ 
PEEP 
PCEQ 
PCEQ 
WGSH 
UGGN 
WCCS 
PEEC 
PEA0 
PEUN 
WGGN 
WGAD 
PEES 
GCBQ 
sceg 
PEUN 
PEEP 
PGYQ 
PEYS 
PEA0 
PESS 
PESS 
PEEQ 
PCAD 
PEAD 
PGEQ 
PGAO 
PGEC 
PEEP 
PEEQ 
PGEQ. 
PGEQ 
PEOS 
PEEC 
6C8Q 
PEA0 
PEOS 
PEA0 
PGAD 
sceg 
PCAD 
ECBQ 
sceq 
PESS 
PEEQ 
PCEQ 
PESS 
PEA0 
XEQZ 
XEQZ 
XEQZ 
XEQZ 
XEQZ 
XEQZ 
PEYQ 
PGSS 
PEAG 
PEAG 
PEAS 
PEAG 
PESS 
PESS 
PCAG 
ECBQ 
PEAD 

PETR 
PEYQ 
PEYQ 
PCYQ 
PEYQ 
PESS 
EC8Q 
PCSS 
PEEC 
PEEC 
PEE9 
PCAD 
PEOS 
PEOS 
PEE0 
PEA0 
PEYQ 
PEYQ 
PCEQ 
PEE0 
PEEP 
PEEP 
PEEP 
PEE0 
PEEQ 
PEOS 
P60T 
P BOT 
PGEQ 
PEEC 
PCEQ 
PEAD 
P60S 
PEEP 
PEEP 
PEOS 
XEQZ 
WGGN 
XEPC 
WGSH 
WGGN 
WGSH 
PEEP 
PCEQ 
PEEQ 
PEEQ 
PGEQ 
PGES 
EYQ 
WGSH 
P6EQ 
WGSH. 
PEE9 
PEOS 
P.EEQ 
PEEQ 
PEEQ 
'PGES 
PEES 

SAMPLE GEO. 
NUMBER CODE - 
1 5 9 0 0 7  P6EQ 

. 1 5 9 0 0 8  PEES 
1 5 9 0 0 9  WGSH 
1 5 9 0 1 0  PEEQ 
1 5 9 0 1 1  PEEP 
1 5 9 0 1 2  PGEQ 

PETR 
PGEQ 
PEAD 
PCCC 
PEOS 
P ~ E S  
PEEQ 
PGEC 
PGES 
XEQZ 
PEEQ 
PEE0 
PCEQ 
WGGN 
PCEQ 
PEOS 
PCEQ 

TABLE C - X .  Geologic un i ' t  code index f o r  rock samples 



Figure C-1 .  Cluster analysis (dendrogram) of correlation 
matri x for rock. sarn~l es 



PCEC PCB XUNS PCAD WCAD POOS YCSH KEY 
CCBP R% k% XEPC PCSS CNS WAC porn w c c 3  

PCUN WCCN PCAS 2% typo 

F i  gure C-2. Logprobabi 1 i ty  , logfrequency , and p e r c e n t i  l e  p l o t s  o f  
u r a n i  urn ( f l u o r i r n e t r i i )  i n  r o c k  sarnpi es. '. 



Figure C-3. Logprobabi l i t y ,  1 ogfrequency and percenti l e  p lo t s  of 
urani urn (neutron act ivat ion)  i n rdck samples 



Figure C-4. Areal d i s t r i b u t i o n  o f  urani  urn ( f l  uorrimetri C ) 
concentrat ions i n  rock samples 
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Figure C-5. Areal d i s t r i b u t i o n  o f  uranium, (neutron ac t iva t ion)  

D concentrat ions i n  rock samples 
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Figure C-6, Logprobabi 1 i ty  , 1 ogfrequency and percenti l e  
plots  of thorium i n  Pock samples 
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Fi gure C-7. Areal distribution of thori um concentrations 
in rock samples 
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Figure C-8. iogprobabi l i t y ,  logfrequency and percentile o l o t s  of radiometric 
equivalent uranium i n  rock samples 
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Figure C - 9 .  Logprobabi 1 i t y ,  logfrequency and percentile plots of radiometric 
equivalent thori urn in rock samples 
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Figure C-10. Logprobabi l i  ty and logfrequency' percentile plots of radiometric 
equivalent potassium in rock samples 
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Figure C-11, Logprobabi 1 i ty, logfrequency, and percent i  l e  
p lo t s  o f  potassium i n  rock samples 
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Figure  C-12. Logprobabi 1 i t y ,  logfrequency, and p e r c e n t i l e  p l c t s  of spec t rometer  
r a d i a t i o n  da t a  f o r  potassium i n  rack samples 
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Figure C-13. Logprobabi 1 i ty  , 1 ogfrequency, and percenti 1 e plots of spectrometer 
radiation data for uranium i n  rock sam~les 

J - 
la, / 

1 
1 

v * 

B ,  

s. 
1' 

I 

. 
* 



Ccolg ic 
Cad- ALL PCY X Z PCES XUNSPCADWCADPCOS WCSH 

PCY! PC% PCSS CNS PCAC PCOT WCCS 
p c q  PCUN WCCN PCAS PCEb CYQV 

Sample 
S l n  

1.- 
KEY 

Figure C-14, Logprobabi 1 i ty, logfrequency, and percenti;e p-ots of spectrometer 
radi at - on data for thori um in r e  samples 
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