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AN EXPERIMENT IN GEOBOTANICAL PROSPECTING FOR URANIUM, 

BOKAN MOUNTAIN AREA, SOUTHEASTERN ALASKA 

BY 

Gilbert R. Eakins 

A B S T R A C T  

A project was conducted at the Ross-Adams uranium mine to determine the usefulness of 
various sample types in uranium exploration in Alaska, where conditions present unusual 
difficulties. A total of 421 samples were collected, including several varieties of 
plants, mulch, algae, and stream sediments. The Ross-Adams ore deposit is a uranium- 
thorium concentration in a small stock of peralkaline granite. The area was selected 
for testing various types of sampling because the mine has produced high-grade ore and 
the geology is known. 

Highly anomalous uranium values were obtained from the ashed plants and other materials. 
The highest value of 2396 parts per million uranium was obtained from lodgepole pine. 
Eleven assay maps illustrate the results of sampling different plants, mulch, and 
stream sediments. Other maps show a fracture pattern, mine workings, and radiometric 
surveys. The analyses indicate that the lodgepole pine is the most suitable plant for 
geobotanical prospecting in the area, Some evidence suggest that mulch and stream sedi- 
ments may be useful for uranium prospecting. 

I N T R O D U C T I O N  

OBJECTIVES 

This report is the second by the Division of Mines and Geology directed toward assisting 
those prospecting for uranium in Alaska (Eakins, 1969). Difficulties in radiometric 
prospecting for uranium over large parts of Alaska, besides the usual ones of remoteness 
and rugged terrain, are: the presence of tundra cover, dense vegetation, humid climatic 
conditions, permafrost, complex geologic structure, and widespread metamorphism of both 
igneous and sedimentary rocks. These conditions prompted the writer to undertake a bio- 
geochemical prospecting project in an effort to learn if the method would be useful 
within this atate. 



The area selected for sampling was the Bokan Mountain uranium-thorium district near the 
southern end of Prince of Wales Island. High-grade uranium ore has been produced from 
an alkali granite stock at the Ross-Adams mine, and radioactivity has been found at 
numerous sites within the surrounding area, The writer spent the month of August, 1969, 
collecting samples and examining the geology of the mine and nearby prospects. 

Evaluation of the properties and general exploration programs by private companies are 
currently in progress. Competition is very keen, and therefore it would not be appro- 
priate for the writer to attempt a discussion of ore reserves or the economic possibili- 
ties of mining properties at this time. 

LOCATION AND ACCESS 

The Bokan Mountain uranium-thorium area, as defined by MacKevett (1963), includes a 
northwest trending tract of roughly 70 square miles located on the east side of the 
southern part of Prince of Wales Island (fig I ) ,  Except for a small strip along the 
eastern shoreline of the island which falls in the Prince Rupert D-6 quadrangle, the 
area is in the Dixon Entrance D-1 quadrangle. The most important deposit of uranium 
found so far is at the Ross-Adams mine on the southeast side of Bokan Mountain at an 
elevation of 950 feet (fig 2 & 3). It is about one and three-fourths miles by road 
from the head of the West Arm of Kendrick Bay, where Newmont Exploration Limited has a 
camp and dock. The camp is approximately 40 miles southwest of Ketchikan. It is served 
by chartered boats and float planes, both of which are available in Ketchikan. 

Except for the short road between the bay and the Ross-Adams mine, land travel is by 
foot and generally very difficult. A few trails leading to some claims are not main- 
tained and not easily followed. Helicopters being used by exploration groups can be 
landed at rather widely-spaced clearings at the higher elevations. 

CLIMATE AND VEGETATION 

The climate of southern Prince of Wales Island is not severe, but precipitation is heavy, 
especially during the spring and summer, Strong wind storms are always a possibility. 
The U. S. Department of Commerce (1968, p 10) recorded an average annual precipitation 
of 118 inches during the last 10 years at the Annette Island airport, twenty miles 
northeast of Kendrick Bay. Temperature extremes at the same location were a low of lo F 
and a high of 90' F. 

Vegetation varies from very dense in rain forests at the lower elevations to nearly 
absent along rocky slopes, which range up to 2500 feet at Bokan Mountain. Many of the 
middle and higher areas where soil is thin support only stunted trees and scrub brush. 
Swamps and muskeg exist where drainage is poor, Forests contain large spruce, cedar, 
and hemlock, which often have trunks up to four or five feet in diameter. Fallen trees 
and dense brush consisting of berry bushes, devils club, and other low-growing varieties 
make some places nearly impenetrable. Thick mosses cover everything in the well-shaded 
forests (fig 4). 
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Figure 3- -  Bokan Mountain from Kendrick Bay, facing west. 
Arrow marks the location of the Ross- Adams mine 

PREVIOUS WORK 

E a r l y  r e g i o n a l  g e o l o g i c a l  r e c o n n a i s s a n c e  was done by Wright and Wright (1908) and 
Buddington and Chapin (1929) .  Other  p u b l i c a t i o n s  c o n t a i n i n g  h i s t o r i c a l  i n f o r m a t i o n  on 
mining and t h e  g e o l o g i c a l  s e t t i n g  a r e  l i s t e d  under  REFERENCES. 

The most complete  p u b l i s h e d  r e p o r t  on t h e  Bokan Mountain uranium-thorium a r e a  i s  by 
MacKevett (1963) .  It is  accompanied by a  g e o l o g i c a l  map w i t h  a  s c a l e  of 1 :24,000.  Much 
of t h e  f o l l o w i n g  d e s c r i p t i o n  of geology and minera logy  of t h e  Bokan Mountain a r e a  have 
been drawn from t h i s  r e p o r t .  F i e l d  work by MacKevett was done d u r i n g  t h e  summers of 
1956, 1957, and 1958. Mining a t  t h e  Ross-Adams mine up th rough  t h a t  t ime  had been l i m -  
i t e d  t o  t h e  s h i p p i n g  of 15 ,000  t o n s  of o r e  produced from a  t r e n c h  approx imate ly  400 f e e t  
l o n g ,  30 t o  70 f e e t  wide,  and 30 f e e t  deep.  L a t e r  a 500-foot t u n n e l  was d r i v e n  a t  t h e  
700-foot l e v e l  toward t h e  o r e  body, and a  r a i s e  connected t h e  t u n n e l  w i t h  t h e  open p i t  
a t  t h e  925-foot e l e v a t i o n  (figs 5 & 6 ) .  

Biogeochemical methods used f o r  uranium p r o s p e c t i n g  i n  t h e  w e s t e r n  s t a t e s  have been 
deve loped  by t h e  U.  S. G e o l o g i c a l  Survey (Cannon, H. L , ,  1956,  1957, 1960, 1964, and 
o t h e r s ) .  While t h e  w r i t e r  is  n o t  aware of any p r e v i o u s  p l a n t  a n a l y s e s  f o r  uranium i n  
Alaska ,  a  r e p o r t  on l e a d  and z i n c  i n  p l a n t s  i n  S o u t h e a s t e r n  Alaska  ( S h a c k l e t t e ,  1960) 
compares m e t a l  c o n t e n t s  of seven  s p e c i e s .  Another paper  (Chapman and S h a c k l e t t e ,  1960) 
summarizes t h e  a v e r a g e  l e a d ,  z i n c ,  copper ,  n i c k e l ,  i r o n ,  and molybdenum c o n t e n t  of 
s e v e r a l  Alaskan p l a n t s .  S h a c k l e t t e  (1965) h a s  d i s c u s s e d  t h e  a s s o c i a t i o n  o f  b ryophy tes  
w i t h  m i n e r a l  d e p o s i t s  i n  Alaska.  O u t s i d e  of Alaska ,  p r i v a t e  companies have done ex ten-  
s i v e  work i n  t h i s  f i e l d  and a  number r o u t i n e l y  make b o t a n i c a l  a n a l y s e s  f o r  uranium i n  
t h e i r  own l a b o r a t o r i e s ,  
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A C K N O W L E D G E M E N T S  

The w r i t e r  wishes  t o  e x p r e s s  h i s  g r a t i t u d e  t o  Newmont E x p l o r a t i o n  Limited f o r  p e r m i s s i o n  
t o  conduct  t h e  biogeochemical  t e s t  p r o j e c t  on t h e i r  p r o p e r t y .  He i s  i n d e b t e d  t o  Mr, B i l l  
Mounts and M r .  V iv ian  V e l l e t  of Newrnont f o r  t h e i r  generous  a s s i s t a n c e  and h o s p i t a l i t y  a t  
t h e  Kendrick Bay camp. A p p r e c i a t i o n  i s  due M r .  R, L .  Dotson, who h o l d s  c l a i m s  i n  t h e  
a r e a ,  f o r  h i s  c o o p e r a t i o n  d u r i n g  t h e  s t u d y .  

Samples were ana lyzed  by Union Carb ide  C o r p o r a t i o n  a t  t h e i r  Grand J u n c t i o n ,  Colorado 
l a b o r a t o r y .  T h i s  s e r v i c e  was a  g r e a t  c o n t r i b u t i o n  t o  t h e  p r o j e c t ,  Thanks a r e  extended 
t o  M r .  P .  E. G a l l i ,  Union Carb ide  g e o l o g i s t ,  f o r  h i s  a s s i s t a n c e  i n  h a n d l i n g  samples  and 
a r r a n g i n g  f o r  a n a l y s e s .  

G E N E R A L  G E O L O G I C  S E T T I N G  

S o u t h e a s t e r n  Alaska i s  a  subprov ince  of t h e  Western  C o r d i l l e r a  t e c t o n i c  b e l t .  The p r i n -  
c i p a l  f e a t u r e s  of t h e  p r o v i n c e  a r e  t h e  Coast  Kange B a t h o l i t h  and t h e  o u t l y i n g  s u b s i d i a r y  
i n t r u s i v e s .  The b a t h o l i t e  i s  complex, c o n s i s t i n g  of a v a r i e t y  of igneous  r o c k s  of 
v a r i o u s  a g e s .  

Marine sed iments  and v o l c a n i c s  d e p o s i t e d  i n  P a l e o z o i c  and Mesozoic euogeosync l ines  on 
t h e  w e s t e r n  s i d e  of t h e  o r o g e n i c  b e l t  formed t h i c k  sequences ,  t o t a l i n g  p o s s i b l y  50,000 
f e e t .  The o l d e s t  d a t e d  r o c k s  a r e  Ordov ic ian  and E a r l y  S i l u r i a n  (Brew, Loney, and 
M u f f l e r ,  1966) .  

Deformat ion and p l u t o n i c  a c t i v i t y  d u r i n g  t h e  Nevadian orogeny have r e g i o n a l l y  metamor- 
phosed t h e  r o c k s  and c r e a t e d  many l a r g e - s c a l e  f a u l t s  w i t h  l a t e r a l  movements t o  more t h a n  
50 m i l e s .  A  consp icuous  n o r t h - t r e n d i n g  l i n e a r  f a u l t  p a t t e r n  can  b e  s e e n  i n  many f i o r d s  
and s t r a i t s .  A number of f a u l t  zones c o n t a i n  m i n e r a l  d e p o s i t s  (Twenhoffel  and S a i n s b u r y ,  
1958) .  A l a r g e  v e r t i c a l  f a u l t  a p p a r e n t l y  h a s  c o n t r o l l e d  t h e  development of t h e  South  
Arm of Kendr ick Bay. Both pr imary and secondary  j o i n t s  a r e  common. Pr imary j o i n t s ,  
i n t e r p r e t e d  a s  b e i n g  t h e  r e s u l t  of r a p i d  c o o l i n g ,  have l o c a l i z e d  many of t h e  p e g m a t i t e  
d i k e s  i n  g r a n i t e .  

Metamorphism on t h e  west  s i d e  of t h e  Coast  Range B a t h o l i t h  h a s  c r e a t e d  g n e i s s e s  which 
g r a d e  westward i n t o  t h e  s c h i s t s ,  p h y l l i t e s ,  and l e s s  metamorphosed r o c k s  on t h e  i s l a n d s  
of S o u t h e a s t e r n  Alaska .  The s t r i k e  of most of t h e  bedded r o c k s  and t h e  g e n e r a l  g r a i n  of 
t h e  major s t r u c t u r e s  i s  n o r t h e a s t w a r d .  



Figure 6-- Core dr i  i l ing a t  the Ross - Adams 
mine. View southwest o f  mine. 



M I N I N G  O F  N O N l i A D I O A C T I V E  M A T E R I A 1 ; S  

The history of mining in Southeastern Alaska goes back to 1867 when a Russian first 
mined copper on Prince of Wales Island near new Kasaan. The region contains many old 
mines and prospects and a wide variety of minerals. The most important deposits are 
closely related to plutons and structural features of early Mesozoic and early Tertiary 
age. So far, very few large mineral deposits have been found in the main Coast Range 
intrusions. 

Southeastern ~laska's lode mining has yielded 6.2 million ounces of gold, 3.3 million 
ounces of silver, 37 million pounds of copper, 48.3 million pounds of lead, 111 thousand 
pounds of zinc, and 14 thousand pounds of platinum group metals, mainly palladium 
(Kaufman, Alvin, 1961). Other ores and potential ores are antimony, barite, garnet, iron, 
molybdenum, titanium, nickel, and tungsten. 

In the Bokan Mountain area, copper and gold deposits were staked during the early 1900's 
at several localities between McLean Arm and Mallard Bay. The Polson and Ichis copper 
and gold prospects are just south of FIcLean Arm, nine miles southeast of the Ross-Adams 
mine. Ores there are localized in quartz-calcite-barite veins in a series of fault 
zones. Pyrite, chalcopyrite, hematite, chrysocolla, and traces of bornite and gold have 
been found. Gold was once produced from auriferous pyrite at the Nelson and Tift mine, 
a mile west of the mouth of McLean Arm. The ore formed a small lens in calcareous rock 
that has since been mined out. 

Iron claims have been staked in the southern part of Prince of Wales Island where magnet- 
ite occurs with hornblende concentrations in diorite and pyroxenite. 

G E O L O G Y  O F  T H E  B O I Z A N  M O U N T A 1 : N  

U R A N I U b I - T H O R I U M  A R E A  

BEDROCK 

Kadioactive minerals of the Uokan Mountain district are associated with a small peralka- 
line granite stock of Mesozoic age which has intruded an older monzonite pluton. Accord- 
ing to the Shand classification, peralkaline granite is an igneous rock division in which 
the molecular proportion of alumina is less than that of soda and potash combined. 
Potassium-argon and lead-alpha measurements indicate the Bokan Mountain granite to be 
late Jurassic or early Tertiary in age and the older pluton to be early Paleozoic, prob- 
ably Ordovician (Lanphere, M. A., MacKevett, E. M., and Stern, I. W., 1964). The peral- 
kaline granite stock is roughly circular and about two miles in diameter, This rock is 
well exposed on the steep slopes of Bokan Mountain. 



Slate of Devonian age extends around three sides of the central stock and along the 
contact between granite and monzonite, At other places the slate is separated from the 
granite by a strip of monzonite. Paleozoic gneiss, schist, amphibolite, marble, and 
calcic hornfels lie north and west of the slate. South and east of Bokan Mountain the 
rocks are predominantly quartz monzonite and quartz diorite, but other plutonic rocks 
in the area are pyroxenite, gabbro, and syenite. A variety of dikes, largely aplite, 
pegmatite, and andesite, are widespread. Radioactivity is frequently encountered in 
the aplite and pegmatite dikes. 

Peralkaline Bokan Mountain granite is the rock of primary interest. It is the host for 
most of the uranium-thorium deposits, and underlies most of the material sampled for 
this project . 
This granite is unusual and has not been reported from any other locality in Southeastern 
Alaska. It is characteristically high in quartz and sodium-bearing mafic minerals. Many 
different textures have been noted and grain size varies from fine to coarse. It is 
generally light gray to white and speckled with about 10 percent dark minerals. Acmite 
and riebeckite are characteristic, and each is present in amounts from one to twelve 
percent. Accessory minerals are chiefly zircon, uranothorite, pyrite, xenotime, fluorite, 
cordierite, and magnetite. Unusual amounts of the minor elements, uranium, thorium, 
yttrium, lanthanum, niobium, cerium, and other rare earths are present. 

Some of the dikes within the area, especially aplite and pegmatite, genetically related 
to the Bokan Mountain granite are interesting because they contain uranium, thorium, 
zirconium, and niobium. These dikes are believed to have crystallized from a volatile- 
rich fluid during a late intrusive stage. Quartz-rich aplite dikes are up to 1000 feet 
long and 10 feet wide. Pegmatites are less than 4 feet thick, but are traceable for as 
much as 3000 feet. They are poorly zoned and contain scattered dark uranium or thorium 
minerals. Other dikes in the area range in composition from diabase to rhyolite and 
form a complex assemblage. 

URANIUM-'TI-IORIUM DEPOSITS 

Most of the uranium and thorium minerals in the Bokan Mountain district are primary types 
and are believed to have formed by hydrothermal solutions during Tertiary time. The 
principal radioactive minerals there are uranothorite, uranoan thorianite, and uraninite. 
Phosphates, niobates, and complex silicates are present in minor amounts and carry some 
uranium or thorium. 

Four types of deposits in the Bokan Mountain area have been described by MacKevett! 

1. Primary segregation of uranium-thorium minerals in a late stage of the 
peralkaline granite magma and subsequent hydrothermal deposition. This 
type occurs at the Ross-Adams mine, 

2. Syngenetic deposits in pegmatite and aplite dikes, 

3 .  Epigenetic hydrothermal deposits, chiefly open-space filling, but 
iilcludes some replacement. 

4. A deposit formed in clastic sedimentary rock by filling of the inter- 
stices at the Cheri No. 1 prospect, 



ROSS-ADAMS M I N K  

The i n i t i a l  uranium d i s c o v e r y  i n  t h e  Bokan Mountain a r e a  was made i n  1955 by Don Ross and 
K e l l y  Adams u s i n g  a n  a i r b o r n e  g e i g e r  c o u n t e r .  A  t o t a l  of  60 ,000 t o n s  of o r e  a v e r a g i n g  
a l m o s t  one -pe rcen t  of  b o t h  U308 and t l lorium 11as been produced by v a r i o u s  o p e r a t o r s .  The 
11iine was c l o s e d  i n  1964 a f t e r  f u l f i l l i n g  a  c o n t r a c t  w i t h  t l ie  Atomic Energy Commission. 
An e f f o r t  t o  r eopen  i t  i s  pend ing  r e s u l t s  o f  c o r e  d r i l l i n g  and ownersl l ip n e g o t i a t i o n s .  
Newrnont E x p l o r a t i o n ,  unde r  a n  agreement  w i t h  S t a n d a r d  M e t a l s ,  i s  c u r r e n t l y  e v a l u a t i n g  
t h e  p r o p e r t y ,  which c o v e r s  approx in ia t e ly  500 a c r e s .  D r i l l i n g  h a s  p roven  t h e  e x t e n s i o n  
of o r e  beyond p r e v i o u s l y  known l i m i t s .  The i n t e r n a l  s t r u c t u r e  of g r a n i t e  a t  t h e  mine h a s  
been found t o  be much more c o m p l i c a t e d  t h a n  was s u s p e c t e d  b e f o r e  ~ e m n o n t ' s  work.  

The o r e  body i s  i r r e g u l a r ,  b u t  p l u n g e s  g e n e r a l l y  sou thward .  'I'lie p e r c e n t a g e  of uranium 
m i n e r a l s  d e c r e a s e s  g r a d u a l l y  outward  from a  h igh -g rade  zone ,  and o r e  l i m i t s  a r e  i n d e f i -  
n i t e .  Two s t e e p  i n t e r s e c t i n g  f a u l t s  s t r i k i n g  N70W and N80E a r e  exposed a t  t h e  s o u t h  end 
of t h e  open p i t .  These  f a u l t s  c u t  t h e  o r e  and d i s p l a c e  i t  t o  t h e  s o u t h .  On t h e  l a r g e s t  
f a u l t ,  t h e  w r i t e r  obse rved  s l i c k e n s i d e s ,  wllich i n d i c a t e  a  few f e e t  of  r e c e n t  l a t e r a l  
movement. I n  a d d i t i o n ,  many s m a l l e r  f a u l t s  and j o i n t s  a r e  p r e s e n t  t h r o u g h o u t  t h e  mine ,  

F i g u r e  7 stiows l i r i e a t i o l l s  e v i d e n t  on a e r i a l  p h o t o s  i n  t l ie  Ross-Adams mine a r e a .  These  
p r o b a b l y  r e p r e s e n t  h i g h - a n g l e  j o i n t s  and f a u l t s ,  I n t e r s e c t i o n s  o c c u r  t h a t  migh t  b e  l o c i  
of  c r u s h e d  zones  f a v o r a b l e  f o r  n l i n e r a l  d e p o s i t s .  Under t h e  mic roscope  i r o n - s t a i n e d  
f r a c t u r e s  c a n  be s e e n  r a d i a t i n g  fro111 t h e  o r e  m i n e r a l s  and from r e t i c u l a t i n g  v e i n l e t s  a l o n g  
c l -eavage  p l a n e s  i n  t l ie  f e l d s p a r s ,  

The o r e  body nlilled i n  t h e  open p i t  o r i g i n d l l y  c o n t a i n e d  a  "co re"  of h igh -g rade  o r e  which  
a v e r a g e d  o v e r  0 .5% U3O8. A l a r g e  p o r t i o n  c o n t a i n e d  o r e  r u n n i n g  1% U 3 O 8 ,  and pods c o n t a i n -  
ed up t o  3% U3O8. Twelve samples  a n a l y z e d  by t h e  U.S.G.S. y i e l d e d  from 0 . 1 8  t o  3 . 2 %  
cl iemical  uranium.  High-grade o r e  can  be  d i s t i n g u i s h e d  by i t s  d a r k  c o l o r  due  t o  t h e  
p r e s e n c e  o f  a s s o c i a t e d  h e m a t i t e  i n  t h e  g r a n i t e .  The "co re"  was enve loped  by a  zone  o f  
l ower -g rade  o r e  be tween 2 and 20 f e e t  t h i c k  t h a t  a v e r a g e d  l e s s  t h a n  0 .5% U308. I n f o r -  
m a t i o n  i s  n o t  a v a i l a b l e  on  t h e  o r e  mined l a t e r  by underground methods .  

Two r a d i o m e t r i c  s u r v e y s  by t h e  w r i t e r  shown i n  f i g u r e s  8  6 9 g i v e  r e a d i n g s  i n  m i l l i r o e n t -  
gens  p e r  hour  o b t a i n e d  w i t h  a  s c i n t i l l o m e t e r  i n  t h e  main open p i t  and i n  t h e  s h o r t  t u n n e l  
a t  t h e  upper  l e v e l  of t l ie  mine .  F i g u r e  8  sllows r e a d i n g s  r e c o r d e d  w i t h  a  g e i g e r  c o u n t e r ,  
b o t h  i n  t h e  main open p i t  and i n  t h e  lower  t u n n e l ,  The g e i g e r  c o u n t e r  r e a d i n g s  a r e  
c o n s i d e r a b l y  lower  o v e r a l l  t h a n  t h e  s c i n t i l l o n l e t e r  r e a d i n g s ,  due  t o  d i f f e r e n c e s  i n  i n s t r u -  
ment s e n s i t i v i t i e s .  The background i n  b o t h  c a s e s  ave raged  a b o u t  0 .02  m i l l i r o e n t g e n s  p e r  
hour  a t  t h e  s u r f a c e .  The h i g h e s t  r a d i o a c t i v i t y  i n  t h e  e n t i r e  a r e a ,  based  on g e i g e r  
c o u n t e r  r e a d i n g s ,  was a t  t h e  w i d e s t  p a r t  of  t h e  lower  t u n n e l  where t h e  s h o r t  c r o s s c u t s  
c o n n e c t ,  T h i s  zone  i s  h i g h l y  b roken  and s h e a r e d ,  

X i n e r a l o g y  

The o r e  m i n e r a l s  a r e  d i f f i c u l t  t o  i d e n t i f y  b u t  a l m o s t  a l l  a r e  p r i m a r y ,  They o c c u r  b o t h  
a s  s c a t t e r e d  g r a i n s  t h r o u g h o u t  t h e  p e r a l k a l i n e  g r a n i t e  and i n  numerous t h i n  (0 .1  t o  0 . 8  
nrm) v e i n l e t s ,  Anhedra l  t o  eukiedral  g r a i n s  up t o  2 mm wide  a r e  t y p i c a l ,  The dominant  o r e  
m i n e r a l s  a r e  u r a n o t h o r i t e  (uranium-bear ing  t h o r i t e )  and u ranoan  t h o r i a n i t e  (uranium- 
b e a r i n g  t h o r i a n i t e ) .  C o f f i n i t e  (U(Si04)(0M)4)  i s  found i n  minor  amoun t s ,  O the r  v e i n  
m i n e r a l s  accompanying t h e  o r e  m i n e r a l s  a r e  abundan t  h e m a t i t e  and c a l c i t e ,  and l e s s e r  
amounts o f  f l u o r i t e ,  p y r i t e ,  hydrous  i r o n  s e s q u i d o x i d e s ,  g a l e n a ,  q u a r t z ,  c l a y  m i n e r a l s ,  
and c h l o r i t e .  
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While  t h e r e  i s  no s h a r p  boundary between t h e  o r e  and t h e  h o s t  g r a n i t e ,  t h e  o r e  c o n t a i n s  
s l i g h t l y  Illore i r o n ,  l e a d ,  aluminum, z i r c o n i u m ,  t i t a n i u m ,  magnesium, c a l c i u m ,  manganese,  
and a r s e n i c ,  b u t  l e s s  q u a r t z  and p o t a s s i u m ,  t h a n  t h e  s u r r o u n d i n g  r o c k .  Most of  t h e  o r e  
i s  o u t  of  r a d i o a c t i v e  e q u i l i b r i u m ,  b u t  t h e  tho r ium combines w i t h  t h e  uranium i n  s u c h  a  
way t o  g i v e  t h e  e f f e c t  o f  a p p a r e n t  e q u i l i b r i u m .  

Othe r  uranium-thor ium m i n e r a l s  have  been found i n  s m a l l  amounts a t  some o t h e r  p r o s p e c t s  
i n  t h e  a r e a .  These  i n c l u d e  u r a n i n i t e ,  u ranophane ,  a l l a n i t e ,  p o s s i b l y  d a v i d i t e  o r  
b r a n n e r i t e ,  and e l l s w o r t h i t e .  Only minor  amounts of  s econdary  uranium m i n e r a l s  have  
been r e p o r t e d  from t h e  Koss-Aclams p r o p e r t y .  These  a r e  gummite, s k l o d o w s k i t e ,  b e t a -  
u ranophane ,  b a s s e t i t e ,  and n o v a c e k i t e  The s c a r c i t y  of s e c o n d a r y  uranium m i n e r a l s  i s  
undoub ted ly  due  t o  t h e i r  s o l u b i l i t y  and t h e  heavy r a i n f a l l  i n  t h e  a r e a .  

Ore G e n e s i s  

Uranium-thorium m i n e r a l i z a t i o n  a t  t h e  Ross-Adams mine i s  b e l i e v e d  t o  b e  h y d r o t h e r m a l  i n  
o r i g i n .  I t  a p p a r e n t l y  o c c u r r e d  s u b s e q u e n t  t o  t h e  c r y s t a l l i z a t i o n  of t h e  p e r a l k a l i n e  
g r a n i t e ,  and p r o b a b l y  was f a c i l i t a t e d  by a  complex f r a c t u r e  sys t em.  T u t t l e  and Bowen 
(1958) t h e o r i z e d  t h a t  v a p o r  p r e s s u r e  i n  c r y s t a l l i z i n g  g r a n i t e  c o u l d  exceed  t h e  ove r -  
bu rden  l i m i t  c a u s i n g  f r a c t u r i n g  of t h e  r o o f  w i t h  a  r e s u l t i n g  sudden d r o p  i n  p r e s s u r e  and 
r a p i d  c r y s t a l l i z a t i o n .  Sucn a  p r o c e s s  migh t  have  a i d e d  i n  c r e a t i n g  a  s y s t e m  of micro-  
f r a c t u r e s  i n t o  which t h e  l a t e  s t a g e  o r e  a t  t h e  Ross-Adams mine was emplaced.  L a t e r  
movements o f f  set t h e  o r e  body s l i g t i t l y .  

OTHEK CLAIMS AND PROSPECTS 

Cla ims and p r o s p e c t s  i n  t l le  a r e a  a r e  numerous n e a r  a l t e r e d  d a c i t e  d i k e s  i n  a l b i t i z e d  
zones  a l o n g  t h e  marg in  o f  t h e  p e r a l k a l i n e  g r a n i t e .  O t h e r s  a r e  on s m a l l  p e g m a t i t e  d i k e s  
w i t h i n  t h e  g r a n i t e .  Most c l a i m s  a r e  o n l y  s l i g h t l y  e x p l o r e d ,  One p r o s p e c t  was l o c a t e d  
w i t h  t h e  i n t e n t  o f  mining f l u o r i t e ,  

The Atom-Mariet ta c l a i m s  a r e  a b o u t  1600 f e e t  e a s t  o f  t h e  Ross-Adams mine (fig 1 0 ) .  
Sha l low p i t s  t h e r e  have  exposed r a d i o a c t i v e  m a t e r i a l  i n  s h e a r  zones  i n  t h e  o l d e r  s e d i -  
men ta ry  and metaniorphic r o c k s  n e a r  t h e  c o n t a c t  w i t h  t h e  Bokan Mounta in  G r a n i t e .  Sample 
l o c a t i o n s  27-30, 59 ,  60 ,  61 ,  65 ,  and 66 a r e  on  t h e  Atom-Mariet ta c l a i m s .  

O t h e r  c l a i m s  c o v e r  weakly r a d i o a c t i v e  zones  s c a t t e r e d  i n  t h e  Bokan Mountain G r a n i t e .  
The "I and L" g roup  of c l a i m s  a d j o i n  t h e  Ross-Adams mine p r o p e r t y .  These  c l a i m s  a r e  
a b o u t  1000 f e e t  n o r t h  of t h e  Ross-Adams mine a t  a  s l i g h t l y  h i g h e r  e l e v a t i o n  (fig 10). 
Most of t h e  s o i l  and v e g e t a t i o n  t h e r e  h a s  been s t r i p p e d  by b u l l d o z e r  work and n a t u r a l  
e r o s i o n .  Here r a d i o a c t i v e  m i n e r a l s  o c c u r  i n  p e g m a t i t e s  and a l o n g  t h e  n o r t h w e s t  t r e n d i n g  
Ho l l enbeak  v e i n .  

O u t s i d e  t h e  p e r a l k a l i n e  g r a n i t e  s t o c k ,  weak anomal i e s  o c c u r  on p r o s p e c t s  n e a r  Gardner  Bay 
a b o u t  e i g h t  m i l e s  s o u t h e a s t  of  Bokan Mounta in .  The a n o m a l i e s  a r e  i n  p e g m a t i t e s ,  R a t h e r  
weak a n o m a l i e s  have  been found i n  a l t e r e d  a n d e s i t e  d i k e s  c u t t i n g  s y e n i t e  n e a r  S t o n e  Rock 
Bay a b o u t  t h r e e  m i l e s  f a r t h e r  s o u t h  f rom Gardner  Ray. 
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B I O G E O C H E I I I C A L  P R O S P E C T I N G  I I E T H O D S  

Two d i f f e r e n t  b o t a n i c a l  p r o s p e c t i n g  methods have  p roven  e f f e c t i v e  i n  l o c a t i n g  uranium 
o r e s  i n  cove red  a r e a s  where r a d i o m e t r i c  i n s t r u m e n t s  have  f a i l e d ,  

The i n d i c a t o r - p l a n t  method of b o t a n i c a l  p r o s p e c t i n g  i s  based on t h e  p r i n c i p l e  t h a t  
c e r t a i n  p l a n t  s p e c i e s  i n d i c a t e  t h e  p r e s e n c e  of abnormal  amounts o f  r a d i o a c t i v e  e l e m e n t s  
i n  s o i l  o r  ground w a t e r  a s s o c i a t e d  w i t h  w e a t h e r i n g  m i n e r a l  d e p o s i t s .  Fo r  example ,  t h e  
s e l e n i u m  i n d i c a t o r  p l a n t s  of t h e  A s t r a g a l a s  genus  have  been used s u c c e s s f u l l y  t o  l o c a t e  
uranium i n  t h e  Colorado P l a t e a u  (Cannon, H. L . ,  1 9 6 0 ) ,  R .  L .  Uotson,  who h a s  been 
p r o s p e c t i n g  on Bokan Mounta in ,  h a s  p o i n t e d  o u t  t h a t  t h e  b l u e  f l o w e r ,  l u p i n e ,  a p p e a r s  t o  
f a v o r  t h e  u ran ium-r i ch  s o i l  i n  t h i s  a r e a ,  P l a n t  a s s e m b l a g e s ,  o r  somet imes  t h e  l a c k  o f  
them, o v e r  known o r e  d e p o s i t s  compared w i t h  a s semblages  o v e r  n o n m i n e r a l i z e d  a r e a s  i s  
r e q u i r e d  f o r  t h e  s y s t e m a t i c  u s e  of t h e  method.  

The b iogeochemica l  method of b o t a n i c a l  p r o s p e c t i n g  i n v o l v e s  t h e  chemica l  a n a l y s i s  o f  
a shed  p l a n t  m a t e r i a l ,  D e p o s i t s  of uranium,  z i n c ,  t u n g s t e n ,  t i n ,  a r s e n i c ,  c o p p e r ,  and 
vanadium have  been d i s c o v e r e d  i n  t h i s  manner.  P r e l i m i n a r y  p l a n t  i n v e n t o r i e s  and a n a l -  
y s e s  a r e  needed t o  d e t e r m i n e  which s p e c i e s  w i l l  b e s t  s e r v e  t o  l o c a t e  p a r t i c u l a r  e l e m e n t s  
and t o  e s t a b l i s h  t h e i r  normal  o r  background v a l u e s .  The u s e f u l n e s s  of p l a n t  a n a l y s e s  
depends  upon f i n d i n g  c e r t a i n  p l a n t s  of  wide d i s t r i b u t i o n  which d u r i n g  g rowth  a c c u m u l a t e  
anomalous amourlts of  i n d i c a t o r  m e t a l s .  P l a n t  a n a l y s e s  i n  Grand County ,  Utah ,  showed t h a t  
s u l f u r ,  s e l e n i u m ,  a r s e n i c ,  and molybdenun~ a r e  c o n c e n t r a t e d  w i t h  uranium i n  t h a t  a r e a  
(Cannon, H. L . ,  1 9 6 4 ) .  A v a r i e t y  of p l a n t s ,  r a n g i n g  from s m a l l  bushes  and f l o w e r s  t o  
t r e e s  of b o t h  c o n i f e r  and b r o a d l e a f  t y p e s ,  may be  used w i t h  v a r y i n g  d e g r e e s  of s u c c e s s  
(Cannon, 1 9 6 0 ) .  L ichen  and a l g a e  a l s o  have  been found t o  accumula t e  uranium i n  anomalous 
amounts .  A uranium c o n t e n t  of  1 p a r t  p e r  m i l l i o n  o r  more i s  f r e q u e n t l y  c o n s i d e r e d  t o  b e  
anomalous i n  t h e  Co lo rado  P l a t e a u  r e g i o n  ( F r o e l i c h ,  A l b e r t  J .  and Kle inhampl ,  1960 ,  p  59)  

R e l i e a b l e  compar ison of a b s o l u t e  a i l a l y t i c a l  v a l u e s  call b e  made o n l y  i f  t h e  samples  a r e  
c o l l e c t e d  i n  a  c o n s i s t e n t  manner and a r e  c o l l e c t e d  from i d e n t i c a l  p a r t s  of  t h e  s a m e  
p l a n t  s p e c i e s .  I n  g e n e r a l ,  p l a n t s  w i t h  deep r o o t s  w i l l  s e r v e  b e t t e r  t h a n  t h o s e  w i t h  
s h a l l o w  r o o t s .  Leaves  may show g r e a t e r  m e t a l  c o n c e n t r a t i o n s  t h a n  t h e  t w i g s ,  b u t  b o t h  
p a r t s  c a n  be  u s e d .  Dead b r a n c h e s  of t r e e s  i n  t h e  La Ventana Mesa uranium a r e a ,  New 
Mexico,  y i e l d  more uranium i n  a s h  t h a n  do l i v e  b r a n c h e s  (Cannon, H .  L .  and S t a r r e t t ,  W .  H .  
1 9 5 6 ) .  Depth of r o o t  p e n e t r a t i o n ,  amount of  m o i s t u r e  i n  t h e  s o i l ,  and d e p t h  of t h e  
m i n e r a l  d e p o s i t  a r e  v a r i a b l e s  which  i n f l u e n c e  t h e  e f f e c t i v e n e s s  of t h e  method,  F r a c t u r e  
p a t t e r n s ,  ground w a t e r  movement, and topography  s h o u l d  a l s o  b e  c o n s i d e r e d  when i n t e r p r e t -  
i n g  t h e  r e s u l t s  o f  a  b o t a n i c a l  s ampl ing  program. 

Geochenlical  p r o s p e c t i n g  f o r  uranium by s t r e a m  sed imen t  a n a l y s e s  h a s  n o t  been c o n s i d e r e d  
v e r y  u s e f u l  b e c a u s e  o f  t h e  h i g h  m o b i l i t y  of t h e  U6 i o n  (Cohen, Brooks ,  and Reeves ,  1 9 6 9 ) .  
However, l i m i t e d  s t r e a m  sed imen t  s ampl ing  by t h i s  w r i t e r  a t  Bokan Mountain a p p e a r e d  t o  
be  e f f e c t i v e .  

I 



S A M P L I N G  P R O C E D U R E  

P l a n t s  s e l e c t e d  f o r  sampl ing depended l a r g e l y  on t h e i r  a v a i l a b i l i t y .  The c h o i c e  o v e r  
much of t h e  a r e a  was l i m i t e d  t o  s m a l l ,  s t u n t e d  e v e r g r e e n s .  The s p e c i e s  most p r e v a l e n t  
were l o d g e p o l e  p i n e ,  w e s t e r n  c e d a r ,  w e s t e r n  hemlock, and common j u n i p e r .  T r e e s  a r e  
l a r g e r  and d e n s e r  away from t h e  mine.  

Sampling was conducted p r i n c i p a l l y  o v e r  t h e  Ross-Adams mine p r o p e r t y ,  where t h e  p r e s e n c e  
of uranium o r e  i s  known. Samples were t a k e n  main ly  on a  g r i d  w i t h  s p a c i n g s  of 100 o r  
200 f e e t  (figs 10  & 2 2 ) .  Samples of t h e  v a r i o u s  p l a n t s  s e l e c t e d  were  c o l l e c t e d  w i t h i n  a  
r a d i u s  of 30 f e e t  of t h e  sample s t a t i o n .  Spot  sampl ing was done a t  some of t h e  o u t l y i n g  
p r o s p e c t s .  

The p r i n c i p a l  sample  a r e a  and g r i d  sys tem ex tend  approx imate ly  2500 f e e t  from n o r t h  t o  
s o u t h  and 1600 f e e t  from e a s t  t o  wes t .  Bare  bedrock i s  exposed over  much of t h e  a r e a  and 
s o i l  is  g e n e r a l l y  o n l y  a  few i n c h e s  t h i c k .  I n  t h e  more h e a v i l y  wooded p a r t s  around t h e  
margins  of t h e  sampl ing a r e a ,  t h e  s o i l  was a s  much a s  two t o  f o u r  f e e t  t h i c k .  The 
s u r f a c e  around t h e  mine i s  hummocky and t h e  s l o p e s  f a i r l y  g e n t l e .  S lopes  s t e e p e n  t o  20' 
i n  m a r g i n a l  a r e a s .  Runoff i s  r a p i d  d u r i n g  p e r i o d s  of r a i n ,  and s m a l l  temporary  s t r e a m s  
abound (fig 2 2 ) .  

C o n d i t i o n s  which make t h e  a r e a  l e s s  t h a n  i d e a l  f o r  t e s t  sampl ing a r e  v a r i a b l e  b u t  a r e  
g e n e r a l l y  (1 )  s m a l l  t h i c k n e s s  of t h e  s o i l ,  (2)  t h e  s h a l l o w  r o o t  sys tems  of t h e  p l a n t s  
r e s u l t i n g  from t h i n  s o i l  and heavy r a i n f a l l ,  (3 )  t h e  h i g h l y  v a r i a b l e  d i s t r i b u t i o n  of t h e  
p l a n t s ,  and ( 4 )  t h e  p o s s i b i l i t y  of con tamina t ion  from s u r f a c e  mining o p e r a t i o n s .  However, 
t h e  c h o i c e  of a r e a s  c o n t a i n i n g  a  uranium d e p o s i t  and known geology w a s  v e r y  l i m i t e d .  

The numbers of samples  of a l l  t y p e s  were  a s  f o l l o w s ;  

Algae 
Blueber ry  
J u n i p e r  
L iv ing  l o d g e p o l e  p i n e  
Dead l o d g e p o l e  p i n e  and b u r l s  
Misce l l aneous  p l a n t s  
Mulch and s o i l  
Spruce 
Stream sed iment  
Western c e d a r  
Western  hemlock 

TOTAL SAMPLES 

P l a n t  samples  were  t a k e n  by c u t t i n g  6  t o  1 0  i n c h e s  of t h e  branch t i p s ,  i n c l u d i n g  l e a v e s ,  
n e e d l e s  and cones ,  and p l a c i n g  t h e  m a t e r i a l  i n  No, 8 paper  g r o c e r y  b a g s ,  Because o f  
a lmos t  c o n s t a n t  r a i n  d u r i n g  t h e  sampl ing ,  t e a r i n g  of bags was a  major  problem,  However, 
porous  bags  a r e  r e q u i r e d  s o  t h a t  samples  e v e n t u a l l y  can  d r y ,  P l a s t i c  bags  a r e  n o t  
recommended because  p l a n t  m a t e r i a l  w i l l  r o t  i f  s t o r e d  i n  a i r - t i g h t  c o n t a i n e r s ,  The 
weight  of t h e  samples  ranged from f o u r  t o  e i g h t  ounces .  E i g h t  ounces  o r  more a r e  
p r e f e r r e d  i n  o r d e r  t o  have  p l e n t y  of a s h  f o r  a n a l y s e s ,  

Mulch o r  humus, which i n c l u d e s  accumulated p l a n t  m a t e r i a l  on t h e  ground i n  v a r i o u s  
s t a g e s  of decompos i t ion ,  h a s  been known t o  show anomalous m e t a l  c o n t e n t  over  m i n e r a l i z e d  
a r e a s  (Ginzburg,  1960,  p  233).  T h e r e f o r e ,  mulch was i n c l u d e d  i n  t h e  sampl ing program. 
M a t e r i a l  was t a k e n  from n e a r  t h e  s u r f a c e ,  j u s t  benea th  t h e  moss c o v e r ,  These samples  
unavoidably  c o n t a i n e d  l i v e  moss, g r a s s  r o o t s ,  and s o i l ,  
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Common blue-green a l g a e  can  accumulate  uranium i n  f lowing  s t r e a m s ,  S e v e r a l  samples of 
a l g a e  of u n i d e n t i f i e d  types  were c o l l e c t e d  a t  Bokan Mountain. Th i s  p l a n t  i s  d i f f i c u l t  
t o  sample,  because  i t  i s  seldom abundant enough t o  p r o v i d e  a n  a d e q u a t e - s i z e  sample.  I t  
i s  a lmos t  imposs ib le  t o  c o l l e c t  a l g a e  w i t h o u t  i n c l u d i n g  a  c e r t a i n  amount of sediment .  

A  few moss samples were inc luded  t o  de te rmine  t o  what e x t e n t  they  accumulate  m e t a l s .  
While having v e r y  sha l low r o o t s ,  mosses a r e  widespread throughout  Alaska ,  Huck leber ry ,  
one of t h e  most common bushes i n  t h e  wooded a r e a s  on Bokan Mountain, a l s o  was sampled 
wherever i t  occur red  a t  a  sample s t a t i o n .  

A  s t ream c r o s s i n g  t h e  Ross-Adams mine p r o p e r t y  and f lowing t o  Kendrick Bay was sampled.  
a t  s e v e r a l  p o i n t s  between i t s  mouth and t h e  mine t o  s e e  how w e l l  s t r e a m  sediment  f i n e s  
would s e r v e  f o r  geochemical  p r o s p e c t i n g  f o r  uranium. Stream sediment  a n a l y s i s  i s  n o t  a  
biogeochemical  method. 

A N A L Y T I C A L  M E T H O D S  

Analyses  of  a l l  t h e  samples  c o l l e c t e d  f o r  t h i s  p r o j e c t  were made by Union Carbide 
E x p l o r a t i o n  Corpora t ion  a t  t h e i r  l a b o r a t o r y  i n  Grand J u n c t i o n ,  Colorado. A summary of 
t h e  methods used f o l l o w s :  

Uranium : 

Vanadium : 

Molybdenum: 

Arsen ic :  

a s sayed  by t h e  f l u o r i m e t r i c  p rocedure  u s i n g  a  f l u x  of 
sodium and l i t h i u m  f l u o r i d e .  Accuracy t o  1 ppm* 
uranium, 

assayed  by t h e  hydrogen-peroxide c o l o r i m e t r i c  p rocedure .  
S e n s i t i v i t y  t o  1 ppm vanadium, 

assayed  by a tomic a b s o r p t i o n .  S e n s i t i v i t y  t o  2 ppm 
molybdenum. 

assayed  by t h e  s i l v e r  d i e t h y l d i t h i o c a r b o n a t e  c o l o r i -  
m e t r i c  p rocedure .  S e n s i t i v i t y  t o  1 ppm a r s e n i c ,  

Copper : assayed  by a tomic a b s o r p t i o n ,  S e n s i t i v i t y  t o  2 ppm, 

Manganese and z i n c :  a ssayed  by a tomic a b s o r p t i o n .  Because of t h e  h igh  
c o n c e n t r a t i o n s  b o t h  were r e p o r t e d  i n  p e r c e n t a g e s ,  

* ppm means p a r t s  pe r  m i l l i o n  



S A M P L I N G  R E S U L T S  

Analyses  of t h e  v a r i o u s  p l a n t s  mulch,  and s t r e a m  sediment  samples  a r e  l i s t e d  i n  t a b l e s  
1 through 1 2 .  Maps showing t h e  sample l o c a t i o n s  and a n a l y s e s  f o r  each t y p e  of p l a n t  and 
m a t e r i a l  a r e  i n c l u d e d .  Extremely h i g h  uranium v a l u e s  were o b t a i n e d  from many of t h e  
samples  c o l l e c t e d  n e a r  t h e  o r e  body. Average background v a l u e s  canno t  be c a l c u l a t e d  
because  t h e  l a b o r a t o r y  r e p o r t e d  t h a t  t h e  sample s i z e  i n  many c a s e s  was t o o  s m a l l  f o r  
e x a c t  d e t e r m i n a t i o n  of uranium below a  c e r t a i n  l e v e l ,  g e n e r a l l y  3  t o  20 ppm. The r a n g e  
of uranium a s s a y s ,  i n c l u d i n g  a l l  s amples ,  i s  f rom l e s s  t h a n  1 t o  2396 ppm, The h i g h e r  
v a l u e s  co r respond  w e l l  w i t h  t h e  known n e a r - s u r f a c e  d i s t r i b u t i o n  of  uranium m i n e r a l i z a t i o n .  
The few s c a t t e r e d  samples  c o l l e c t e d  from t h e  Atom-Marietta c l a i m s  gave  r a t h e r  poor  and 
i n c o n s i s t e n t  r e s u l t s .  

Background o r  normal uranium c o n t e n t  f o r  most of t h e  m a t e r i a l s  and p l a n t s  sampled,  based 
on t h e  lower  v a l u e s  r e p o r t e d ,  a p p a r e n t l y  i s  l e s s  t h a n  3 ppm. The s m a l l  number of s t r e a m  
sediment  samples  p r e v e n t s  e s t i m a t i n g  a  background v a l u e  f o r  t h i s  m a t e r i a l ,  b u t  t h e  Lowest 
was 7 ppm. 

There i s  l i t t l e  o r  no c o r r e l a t i o n  between uranium c o n t e n t  and vanadium, molybdenum, 
a r s e n i c ,  copper ,  manganese, and z i n c  c o n t e n t .  These a c c e s s o r y  m e t a l s  a r e  more c h a r a c t e r -  
i s t i c  of sed imenta ry - type  uranium d e p o s i t s  r a t h e r  t h a n  ve in - type  o r  t h o s e  a s s o c i a t e d  
w i t h  g r a n i t i c  r o c k s .  

It was n o t  p o s s i b l e  t o  s t a n d a r d i z e  t h e  sampl ing ,  because  of t h e  v a r i a b l e  s u r f a c e  
c o n d i t i o n s  and unequal  d i s t r i b u t i o n  of p l a n t  t y p e s .  T h e r e f o r e ,  i t  i s  d i f f i c u l t  t o  
a c c u r a t e l y  compare t h e  r e l a t i v e  m e r i t s  of u s i n g  one o r  a n o t h e r  p l a n t  f o r  g e o b o t a n i c a l  
p r o s p e c t i n g  i n  t h e  a r e a .  However, l o d g e p o l e  p i n e  i s  t h e  most u s e f u l  of t h e  p l a n t s  
sampled i n  t h e  a r e a .  

A 1 1  t h e  p l a n t  t y p e s  sampled, w i t h  t h e  p o s s i b l e  e x c e p t i o n  of b l u e b e r r y  and a l d e r ,  
e v i d e n t l y  can  accumula te  anomalous amounts of uranium. Also ,  uranium i n  t h e  t e s t  a r e a  
i s  c o n c e n t r a t e d  i n  humus. Rad iomet r i c  measurements showed t h a t  mulch o r  humus g e n e - a l l y  
c o n t a i n s  more r a d i o a c t i v e  m a t t e r  t h a n  u n d e r l y i n g  g r a n i t e .  

Comments on each of t h e  t y p e s  of m a t e r i a l s  sampled f o l l o w :  

L iv ing  l o d g e p o l e  p i n e  ( tab le  1 and fig 13) Lodgepole p i n e  was sampled a t  88 l o c a t i o n s  
and produced uranium a s s a y s  r a n g i n g  from l e s s  t h a n  1 t o  2396 ppm. T h i s  p l a n t  i s  one of 
t h e  most abundant  and wide ly  d i s t r i b u t e d  i n  t h e  a r e a ,  and a p p e a r s  t o  be  t h e  most u s e f u l  
i n  g e o b o t a n i c a l  p r o s p e c t i n g  f o r  uranium t h e r e .  The b e t t e r  r o o t  system no doubt  h e l p s  
accoun t  f o r  i t s  r e l a t i v e l y  h i g h  s e n s i t i v i t y  t o  uranium i n  s o i l .  The p a t t e r n  of a n a l y s e s  
r e f l e c t s  t h e  n e a r - s u r f a c e  m i n e r a l i z a t i o n  v e r y  w e l l .  

Dead l o d g e p o l e  p i n e  ( tab le  2 and fig 14) The 22 samples  of twigs  and b u r l s  from dead 
l o d g e p o l e  p i n e  had a s s a y s  r a n g i n g  from 7 t o  1230 ppm uranium. The a v e r a g e  uranium con- 
c e n t r a t i o n  a p p e a r s  t o  be h i g h e r  i n  t h e  dead m a t e r i a l  t h a n  i n  t h e  l i v i n g  p l a n t s ,  espe-  
c i a l l y  t h o s e  from l o c a t i o n s  n o r t h  and up s l o p e  from t h e  Ross-Adams mine.  

Spruce ( tab le  3 and fig 2 5 )  Spruce t r e e s  were sampled a t  4 1  l o c a t i o n s ,  and y i e l d e d  
v a l u e s  from l e s s  t h a n  2  t o  315 ppm. Spruce i s  l e s s  abundant  t h a n  l o d g e p o l e  p i n e  and 
c e d a r ,  and d o e s  n o t  appear  t o  accumula te  uranium as w e l l .  However, r e l a t i v e l y  h i g h  
v a l u e s  were o b t a i n e d  from t h e  v i c i n i t y  of t h e  o l d  mine workings .  

Western c e d a r  ( tab le  4 and fig 16) Western c e d a r  grows abundan t ly  i n  the  a r e a  and was 
sampled a t  108 l o c a t i o n s ,  Uranium a s s a y s  ranged from l e s s  t h a n  1 t o  2127 ppm, Back- 
ground a p p e a r s  t o  be  l e s s  t h a n  3 ppm. Cedar a s s a y s  g e n e r a l l y  a r e  lower  t h a n  f o r  lodge-  
p o l e  p i n e  a t  t h e  same l o c a t i o n s  and do n o t  d e f i n e  t h e  m i n e r a l i z e d  a r e a s  a s  w e l l  a s  t h e  
p i n e  a s s a y s .  



Western  hemlock ( t a b l e  5 and f i g  27) Western  hemlock i s  n o t  a s  abundan t  i n  t h e  a r e a  a s  
c e d a r  and l o d g e p o l e  p i n e  and was found a t  o n l y  48 o f  t h e  sample  s i t e s ,  Tlie a s s a y s  
r anged  f rom less t h a n  2 t o  901 ppm. The d i s t r i b u t i o n  of s i g n i f i c a n t l y  h i g h  a s s a y s  
c o r r e s p o n d s  w e l l  w i t h  tile known m i n e r a l i z a t i o n ,  b u t  t h e  number of a s s a y s  i s  t o o  s m a l l  t o  
compare t h e  merits of he~~ l loc l c  w i t h  o t h e r  p l a n t s ,  

J u n i p e r  ( t a b l e  6 and f i g  2 8 )  N i n e t e e n  samples  of j u n i p e r  had uranium v a l u e s  r a n g i n g  
f rom l e s s  t h a n  2 t o  159 ppni. Wliile t l ie  h i g h e r  a s s a y s  f rom o v e r  t h e  o r e  zone s e e m  t o  
i n d i c a t e  t h a t  j u n i p e r  can  s e r v e  a s  a n  a c c u m u l a t o r  p l a n t ,  i t s  s h a l l o w e r  r o o t  s y s t e m  
p r o b a b l y  makes i t  l e s s  e f f i c i e n t  t h a n  l a r g e r  t r e e s ,  

B l u e b e r r y  ( t a b l e  7 and fig 2 9 )  Nine teen  samples  of b l u e b e r r y  bushes  had uranium v a l u e s  
r a n g i n g  from l e s s  t h a n  20 t o  30 ppm. Compared w i t h  o t h e r  p l a n t s ,  b l u e b e r r y  showed o n l y  
low uranium v a l u e s .  Though t h e  samples  c o l l e c t e d  were  t h e  same s i z e  a s  t h o s e  of o t h e r  
p l a n t s ,  t h e y  proved t o  be  i n s u f f i c i e n t  f o r  a c c u r a t e  a s h  a n a l y s e s .  A l l  b u t  two samples  
were  s i ~ n p l y  r e p o r t e d  a s  l e s s  t h a n  20 ppni o r  l e s s  t h a n  30 ppm. 

Algae  ( t a b l e  8  and J ' ig  20) T h i r t e e n  a l g a e  samples  have  uranium v a l u e s  r a n g i n g  f rom 2  t o  
1833 ppm, The h i g h e s t  v a l u e s  were  from s m a l l  s t r e a m s  and p o o l s  a  few hundred f e e t  n o r t h  
of t h e  open  c u t ,  s u g g e s t i n g  t h a t  t h i s  m a t e r i a l  can  accumula t e  l a r g e  amounts o f  uranium 
even  i n  a r e a s  w i t h  r e l a t i v e l y  low u r a ~ l i u m  i n  t h e  bed rock .  I t  a p p e a r s  t h a t  t h e  a l g a e  
n o r t h  of t h e  nline a r e  a c c u m u l a t i n g  urani.um d e r i v e d  f rom t h e  g r a n i t e  u p s l o p e  r a t h e r  t h a n  
a n  o r e  body. However, sarripling of a l g a e  i n  r o u t i n e  p r o s p e c t i n g  i s  n o t  p r a c t i c a l  b e c a u s e  
t h e y  u s u a l l y  a r e  n o t  a v a i l a b l e  i n  a d e q u a t e  q u a n t i t i e s  and ca rbonaceous  o r  s i l t y  m a t e r i a l  
c a n n o t  b e  s e p a r a t e d  c o m p l e t e l y  from such  s a m p l e s ,  

M i s c e l l a n e o u s  p l a n t s  ( t a b l e  3 and J i g  2 2 )  T h i s  group of samples  i n c l u d e s  t h e  f o l l o w i n g :  
5 a l d e r ,  2 c l u b  moss,  1 l u k e t k e a  p e c t i n a t a ,  3 c r o w b e r r y ,  and 2 u n i d e n t i f i e d  s h r u b s .  The 
r a n g e  i n  uranium a s s a y s  was from l e s s  t h a n  3 t o  923 ppm, These  p l a n t s  were  t o o  s p a r s e l y  
d i s t r i b u t e d  t o  b e  u s e f u l .  Tlie uraniuru c o n t e n t  of sucli low-growing,  s h a l l o w - r o o t  p l a n t s  
seems u n u s u a l l y  h i g h ,  bu t  t h e  h i g h  v a l u e s  were  from imniedia te ly  o v e r  m i n e r a l i z e d  g round .  

Mulch and s o i l  ( t a b l e  20 and l i g  2 2 )  The 4 1  mulch and s o i l  sarnples y i e l d e d  uranium 
a s s a y s  f rom 1 t o  441 ppm and show t h a t  uranium i s  c o n c e n t r a t e d  i n  t h e  llumus h e r e .  The 
m a t e r i a l  sampled was t h e  hurnic l a y e r  j u s t  below t h e  moss c o v e r .  Whi le  i t  i s  c a l l e d  mulch,  
t h e  m a t e r i a l  u n a v o i d a b l y  c o n t a i ~ l e d  some s i l t  and l i v e  moss r o o t s .  The e a s e  and conven- 
i e n c e  of s ampl ing  ~nulc i l  r a t h e r  t h a n  p l a n t s  seems t o  rnalte i t  p r e f e r a b l e  where c o n d i t i o n s  
a r e  s i m i l a r  t o  t h o s e  a t  Bolcan Ffountain.  Mulcli sample  c o v e r a g e  of t h e  t e s t  a r e a  i s  p o o r ,  
p a r t l y  b e c a u s e  of tbLe l a c k  oL s u f f i c i e n t  mulch around t h e  mine.  However, a n a l y s e s  show 
h i g h  v a l u e s  which  i n d i c a t e  t h a t  t h e r e  h a s  been a  b u i l d u p  of u r a n i u ~ n  a t  t h e  s u r f a c e  by 
t h e  a c c u m u l a t i o n  of decomposed p l a n t  m a t e r i a l .  

S t r e a ~ n  s e d i m e n t s  (LabZe 1 2  anif fig 2 3 )  Nine s t r e a m  sed imen t  s amples  were  c o l l e c t e d  f rom 
a  s t r e a m  b e g i n n i n g  above t h e  Ross-Adams open c u t  t o  a  p o i n t  n e a r  i t s  e n t r a n c e  i n t o  
Kendr i ck  Bay, a  d i s t a n c e  of s l i g h t l y  more t h a n  one  mile. Uranium v a l u e s  r anged  between 
7 and 554 ppm and p roduce  a  n e a r l y  i d e a l  a s s a y  p r o f i l e .  Three  samples  n e a r  t h e  uppe r  
end of t h e  open  c u t  had v a l u e s  of 7 ,  8 ,  and 33  ppm, S t a r t i n g  a t  a  p o i n t  j u s t  below t h e  
lower  t u n n e l  t h e  v a l u e s  i n  sequence  downstream were  554, 253,  291,  1 9 8 ,  and 77 ppm. 
S u r f a c e  mining and t h e  mine dump have  p r o b a b l y  caused  a  c o n s i d e r a b l e  i n c r e a s e  i n  t h e  
uranium i n  t h e  s e d i m e n t s  above what i t  would be  i f  t h e  a r e a  had n o t  been d i s t u r b e d .  
Many more s t r e a m  s a ~ ~ i p l e s  s l iould  b e  c o l l e c t e t l  and a n a l y z e d  f o r  uranium t o  d e t e r m i n e  t h e i r  
v a l u e  f o r  uranium p r o s p e c t i n g  i n  t h e  r e g i o n ,  While s t r e a m  sed imen t  s ampl ing  h a s  
g e n e r a l l y  been c o n s i d e r e d  u n s u i t a b l e  f o r  uranium p r o s p e c t i n g  b e c a u s e  of i t s  s o l u b i l i t y ,  
i t  i s  mucli morc c o n v e n i e n t  and r a p i d  t h a n  g e o b o t a ~ l i c a l  p r o s p e c t i n g .  



Lichen On the west side of the saddle on the south side of Bokan "Iountain at an elevation 
of about 1600 feet, the writer noted a bright orange lichen growing on granite outcrops. 
Tnis lichen evidently has acted as a uranium accumulator. Repeated checking with a scin- 
tillometer showed the lichen-coated portions of the granite to have two to four times as 
much radioactivity as the other nearby rock. 

The lichen, identified by Dr. Leslie A. Viereck, U. S. Forest Service, as a species of 
Lecidea (possibly Lecidea ~a~icida) may serve as a good indicator plant for uranium. This 
lichen is known to have the ability to extract iron from rock, and the concentration of 
uranium by it at Bokan Mountain may illustrate an ability to extract certain ions. The 
single area where this plant was noted was perhaps 100 feet wide. This limited observa- 
tion does not permit one to say whether lichen grows preferentially upon high uranium- 
bearing rock or not, but only that it at least has a tolerance for uranium and can con- 
centrate the metal under proper conditions. 

C O N C L U S I O N S  

Sampling at the Ross-Adams mine shows that a variety of plants and materials may produce 
highly anomalous uranium in a uranium mining district, but in varying degrees, Of the 
plants sampled, the lodgepole pine proved the most useful because of its wide distribu- 
tion, the relative ease of obtaining an adequate sample, and the plant's sensitivity to 
uranium in the soil. Mulcll overlying the Bokan Mountain granite showed definite uranium 
concentrations. Measurements with a scintillometer frequently failed to indicate radio- 
activity. Geobotanical sampling may be especially helpful in defining the outlines and 
limits of uranium deposits once they have been detected. 

While stream sediment sampling produced an almost ideal assay pattern along a stream 
draining from the mineralized area, the number of samples collected and the area sampled 
were too limited to determine their value for prospecting. The effects that mining has 
nad on the sample results are not known. The Division plans to continue testing stream 
sediment sampling and other prospecting techniques to aid in locating the most favorable 
geologic settings for possible vein-type and sedimentary-type uranium deposits in Alaska. 



Sample Locat ions 
L I V I N G  LOD6EPOLE P I N E  

LEGEND 

/27 . Living Lodgepole Pine sample location and number 

(7 )  Uranium assay, p a r t s  per mi l l ion 

@ Uranium content over 5 0  p a r t s  per mi l l ion 

c Signif ies less than 
. . . . . . . . Open cut I 
0 Approximate out l ine o f  near -su r face  ore body 

Number o f  samples: 88 

Range o f  uranium values: < 1 - 2 3 9 6  p a r t s  per mi l l ion (Table 3) 
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Scale in feet 
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Figure 13 



I LEGEND I 
/27 Dead Lodgepole Pine sample locat lon and number 

/278. B u r l  sample location and number 

1 (7) Uranium assay, p o r t s  per mi l l ion I 
Uranium content over 5 0  p a r t s  per mi l l ion 

< Signifies less than  . . . . . . 
, . . . O ~ e n  cut  

I Approximate out l ine o f  near-  sur face ore body I 
Number o f  samples: 22 

Range of uranium values: 7- 1230 p a r t s  per mi l l ion (Table I )  
0 
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LEGEND 

/27 Spruce sample location and number 

( 7 )  Uranium assay, parts  per mi l l ion 

@ Uranium content over 50 parts  per million 

c . . Signifies less than 
. . . . . . . . Open cut  
0 Approximate outline of  near-surface ore body 

Number of samples: 4 1 

Range o f  uranium values: <2-315 parts  per million (Table 3) 
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Sample Locations 
SPRUCE Figure 15 



LEGEND I 
/27 l Live  Western Cedar sample locat ion and number 

1270. Dead Western Cedar sample loca t ion  and number 

( 7 )  Uronium assay, p a r t s  per milmlion 

@ Uranium content over 50 p a r t s  per mil l ion 

< Signi f ies less than . . . . . . . . . . Open c u t  

0 Approximate out l ine o f  near-sur face ore body 

Number o f  samples: 108 I 
Range o f  uranium values: <I -2127 p a r t s  per mi l l ion(Table 4 )  
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Sample Locat ions 
WESTERN CEDAR Figure 16 



T O N .  

LEGEND 

/27. Western Hemlock sample location and number 

(7)  Uranium assay, par ts  per million 

@ Uranium content over 5 0  parts  per milllon 

< Signifies less than . . . . . . . . 
: Open cut  

0 Approximate outline o f  near-surface ore body 

Number o f  samples: 48 

Ronge o f  uranium values: ( 2 - 9 0 1  par ts  per mil l lon(Table 5 )  

Scale in fee t  

Sample Locations 
WESTERN HEMLOCK Figure 17 



LEGEND 

/27 Juniper sample location and number 

( 7 )  Uranium ossoy, p a r t s  per mi l l ion  

@ Uranium content over 50 par ts  per million 

< Signif ies less than . . . . 
. . Open cu t  

0 Approximate outl lne of neor-surface ore body 

1 Number o f  samples: 19 I I Range of uranium values: <2-  159 por ts  per million (Table 6) ( 

Scale in f e e t  
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JUNIPER Figure 18 
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LEGEND 

127. Blueberry sample locat ion and number 

( 7 )  Uranium assay, p a r t s  per m i l l i on  

@ Uranium content over 50 par ts  per mil l ion 

< . . . . S igni f ies less than 
. . . . . . Open cut  

0 Approximate outline o f  near -su r face  ore body 

Number of samples: 19 

Range o f  uranium values: (20 -30 p a r t s  per mil l ion(Table 7) 
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Scale i n  fee t  

Sample Locat ions 
BLUEBERRY Figure 19 
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I LEGEND I 
/27. Algae sample location and number 

(7) Uranium assay, p a r t s  per m i l l i on  

@ Uranium content  over 5 0  par ts  per mi l l ion 

< . . Signif ies less than 
0 .  . . . . Open c u t  

0 Approximate out l ine o f  near-surface ore body 

Number o f  samples: 13 

Range o f  uranium values: 2-1883 p a r t s  per mi l l ion (Table 8 )  

Scale in  feet  

T O N .  

NOTE: Algae samples f r o m  locations o f f  map: 

I. Near camp on Kendrick Bay (5) 

2. West end of Kendrick Bay a t  shoreline(<20) 

Sample Locat ions 
A L G A E  Figure 20 



LEGEND 

32A Alder  sample locat ion and number 

32T Club Moss(Lycopodium c lovtum L . )  somple location and number 

32M . Luketkea pect incta sample location and number 

32~2 .  Crowberry (Empetrum nigr lm L.) sample location ond number 

32U . Unidenti f ied shrub sample location and number 

(7) Uranium assay, p a r t s  per m i l l i o n  

@ Uran ium content over 5 0  p a r t s  per m i l l i on  

< Signi f ies less than 
. . . . . . 

Open c u t  

0 Approx imate out l ine o f  near-surface ore body 

Number o f  samples: 13 

Range o f  uranium values: ( 3 - 9 2 3  p a r t s  per mi l l lon (Table 9 )  
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Scale in f e e t  

Sample Locations 
MISCELLANEOUS PLANTS Figure 21 



LEGEND 

/27Mm Mulch sample location and number 

127s l Soil  sample location and number 

(7) Uranium assay, pa r t s  per m i l l i on  

@ Uranium content over 5 0  par ts  per m i l l i on  

< Signif ies less than . . . . . . . . . . Open cut 

0 Approximate outl ine o f  new-sur face ore body 

Number o f  samples: 4 1 

Range o f  uranium values: 1-441 pa r t s  per mil l lon(Tablel0) 
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Sample Locat ions 
MULCH AND SOIL 

NOTE: Mulch samples f r o m  locations o f f  map: 

1. ( 1 )  

2. (8) 

3. ((3) 

Figure 22 





EXPLANATION OF THE TABLES 

- indicates "less than1' P . S ,  indicates insufficient sample for analysis 

U = Uranium 
V = Vanadium Cu = Copper 
Mo = Molybdenum Mn - Manganese 
As = Arsenic Zn = Zinc 

Table 1 

Living Lodgepole Pine 

Ash Analyses 

Cu 
ppm 

Map Field Analytical U V Mo 
No. No. Code No. ppm ppm p pm 



T a b l e  1 (Con td )  

Map 
No. 

F i e l d  A n a l y t i c a l  U 
No. Code No, ppln 

v 
ppm 

A s  Cu Mn 
ppm ppm % 

U700E-300N 43375 -6 
900E-300N 43358 -3 
AT- 9 43396 -6 
AT-10 43395 - 6 
150W-250N 43380 64 



Table 1 (Contd) 

Map Field Analytical U V Mo A s  Cu Mn Zn 
No. No. Code No. ppm ppm p pm p pm ppm % % 

121 OE-500s 43399 290 - 75 -10 2 30 4.00 -26 
122 50E-500s 43327 16 - 75 -10 4 -10 2.65 . 15  
122 ID50-500s 43328 I N S U F F I C I E N T  S A M P L E  
124 OE-600s 43391 6 0 -150 -10 5 4 0 2,60 .23 
126 OE-700s 43367 9 -150 20 6 10 1.80 .21 



Table 2 

Dead Lodgepole Pine and Burls 

Ash Analyses 

Map Field Analytical U V Mo A s  Cu Mn Zn 
No. No, Code No, ppm p pm p pm p pm ppm % % 

5 100W-1100N 43421 86 I.S. -20 2 -20 -.20 .04 
9 900E-1100N 43427 - 6 1.S. -20 2 -20 .20 .07 
16 300E-IUOON 43420 -60 I.S. -50 5 -50 -.50 .16 
39 100W-700N 43412 338 1,s. -50 7 -50 -. 30 .10 
51 100W-500N 43416 246 -150 -10 6 -10 .10 .04 

55 100E-500N 43413 367 I.S. -20 9 -20 .40 .07 
63 500E-450N 43426 41 1,s. -10 2 80 .60 .10 
74 100W-300N 43408 271 I.S, -50 4 30 ,40 .17 
76 25E-3OON 43418 1230 -150 -10 2 -10 --. 10 .02 
82 AT10 43423 -40 1,s. -30 3 -30 .30 .11 

134 100E-1000s 43425 7 -100 -10 1 -10 -.lo ,03 
138 OE-1100s 43417 7 I.S. -20 11 -20 ,266 .07 



Table 3 

Spruce 

Ash Analyses 

Ma P 
No. 

Field Analytical U 
No. Code No. p pm 

AT- 9 43541 -3 
AT-10 43571 - 6 
150W-250N 43543 208 
100W-200N 43567 65 
700E-200N 43534 7 



Table 4 

West ern Cedar 

Ash Analyses 

Map 
No. 

Field Analytical U 
No. Code No. p pm 

V Mo 
ppm p pm 

As C u Mn Zn 
ppm ppm % % 

AT- 7 43520 - 6 
AT- 6 43499 - 6 
AT- 6 43526 - 6 
OW-800N 43500 - 6 
U300E-800N 43528 - 6 

- 75 5 
-150 - 5 
- 75 20 
I . S .  -10 
- 75 5 



Table 4 (Contd) 

Map 
No. 

Field Analytical U 
No. Code No. ppm 

v 
ppm 

Mo 
ppm 

As Cu Mn 
ppm ppm % 

900E-500N 43469 -3 
AT-4 43515 - 6 
AT- 5 43521 7 
AT- 2 43435 - 3 
200E-450N 43519 17 



Table  4 (Contd) 

Map 
No. 

F i e l d  A n a l y t i c a l  U 

- No. Code No. ppm 

v 
ppm 

1,s. 
- 75 
- 75 
- 50 
- 75 

- 50 
- 50 
- 75 
- 37 
- 30 

- 75 
-150 
- 75 
- 75 
- 75 

- 50 
- 50 
- 50 
- 50 
- 50 
- 75 
Ins, 
I. s ,  
- 75 
- 75 

- 75 
IOS, 
- 50 
- 50 - 75 
- 50 
- 50 
- 75 
- 37 
I , S ,  

- 75 
-150 
- 75 

Mo 
ppm 

45 
40 
5 

- 3 
40 

4 
10 

- 5 
- 3 
6 

10 
20 
20 

- 5 
1 0  

1 0  
7 
3 
7 
7 

15 
40 
95 
5 

- 5 
10 
-20 
13 
10 
5 

10 
7 
5 
5 

- 5 

35 
-10 
10 



Table 5 

Western Hemlock 

Ash Analyses 

Map 
No, 

Field Analytical U 
No, Code No. ppm 

v 
ppm 

Mo 
ppm 

AT- 6 43601 - 6 
AT- 6 43621 -20 
U500E-800N 43600 -6 
500W-600N 43577 -6 
U300E-600N 43615 -6 

500W-500N 43616 - 6 
400W-500N 43592 - 3 
500E-600N 43607 -6 
AT-4 43597 -6 
AT- 5 43589 -6 

AT- 2 43590 -6 
At-1 43599 -6 
AT-3 43611 -6 
500W-400N 43613 - 3 
200E-400N 43594 48 

- 75 
-150 
I.S. 
-150 
-150 



Table  5 (Contd) 

Map 
No. 

F i e l d  A n a l y t i c a l  U 
No. Code No. p pm 

Mo 

ppm 

Table  6 

J u n i p e r  

Ash Ana lyses  

Map F i e l d  A n a l y t i c a l  U 
No. No. Code No, p pm 



Table 7 

Blueberry 

Ash Analyses 

Map Field Analytical U V Mo As Cu Mn Zn 
No. No. Code No, p p m  p p m  p p m  p p m  p p m  % % 

27 AT8 43655 -20 I.S. -20 4 60 8.20 .05 
28 AT7 43657 -30 I.S. -20 13 20 6.75 .06 
29 AT6 43656 -20 1,s. 80 6 40 5.00 .03 
30 AT6-B2 43659 -20 I.S. -20 6 4 0 2.40 .05 
50 U300W-500N 43647 -20 I.S. 14 3 40 4.14 .05 

55 100E-500N 43658 -20 I.S. 2 5 3 -15 9.00 .04 
59 AT4 43649 -20 1,s. -20 2 8 0 3.60 .06 
60 AT5 43645 -20 -150 -10 6 140 5.89 .06 
61 AT2 43648 -20 -150 24 2 125 5.78 .05 
65 AT-1 43642 -20 I.S. 3 3 6 80 1.13 .04 

66 AT3 43652 -20 1,s. 3 5 8 55 7.50 .04 
69 200E-400N 43651 -20 I.S. -20 21 6 0 6.17 .04 
70 U300E-400N 43654 -30 I.S. 98 19 -25 7.25 .05 
73 U300W-300N 43646 -20 -150 5 5 5 35 5.44 -04 
77 U100E-300N 43644 -20 I.S. -12 4 12 5.38 .04 

Table 8 

Algae 

Ash Analyses 

Map Field Analytical U V Mo As Cu Mn Zn 
No, No. Code No. p p m  p p m  p p m  p p m  p p m  % % 



Table 8 (Contd) 

Map Field Analytical U V Mo As Cu Mn Zn 
No. No. Code No. p pm p pIn ppm p pm ppm % % 

135 A1 43740 14 I.S. -20 37 -20 -.2 ,006 
139 A1E-11s 43750 28 -150 -10 1 -10 0.50 .009 

A2 43741 5 - 50 - 3 24 - 3 -. 1 .01 
.1. J. ,.,, AKU-2 43749 -20 1,s. -15 1 -15 -. 2 ,007 

Sample location -- near Kendrick Bay Camp -- not shown on map 
+ " 
, x  Sample location -- west end of Kendrick Bay -- not shown on map 

Table 9 

Miscellaneous Plants 

Ash Analyses 

Map Field Analytical U V Mo As Cu Mn Zn 
No. No. Code No. p pln ppm p pm ppm p pm % % 

57 700E-500N A 43662 - 6 -150 130 5 9 0 0,80 .09 
76 25E-300N 2 43679 374 -150 80 5 10 0.80 .04 
81 AT9 - M2 43676 -20 I.S. -15 5 65 2.01 .04 
81 AT9 T 43680 -20 I. S .  -20 2 5 13 1,67 .05 
87 35E-200N 43675 923 -150 7 0 19 60 1,60 .08 

A = Alder = Unidentified Shrub = Club Moss M2 = Crowberry M = Luketkea Pectinata - 



Table 10 

Mulch and Soil Analyses 

Map Field Analytical U V Mo As C u 
No, No. Code No. ppm p pm ppm p pm p pm 

1 M1W-13N M 43693 109 I.S. 23 2 7 3 5 
2 MlW-12N .1 43694 7 - 37 20 5 15 
6 COE-11N M 43716 - 1  - 3 0  10 4 - 2  
14 MlE-1ON M 43692 229 - 75 4 0 11 2 0 
19 M2W-9N - M 43695 30 - 30 60 6 160 

65 AT-1M - M 43697 19 - 50 - 3 11 15 
66 AT-3M - M 43698 -20 I.S. -15 15 25 
67 S5W-4N - M 43706 93 -150 -10 323 4 0 
72 S5W-3N - S 43737 2 - 30 - 3 2 - 3  
77 M1E-3N - M 43691 110 - 30 12 4 4 

M = Mulch - - S = Soil 



Table 11 

Stream Sediment Analyses  

lvIa p Field Analytical U V Mo A s  Cu Mn Zn 
No. No. CodeNo. ppm A- p pm ppm ppm % % 



Table 12 

Semi-Quantitative Spectrographic Analyses of Six Geobotanical Samples 

Type of Sample: Lodgepole Lodgepole Lodgepole Western Spruce Stream 
Pine Pine Pine Cedar Sediment 

Lab. No. 43341 43382 43428 43458 43543 43727 

The following are reported as oxides of the elements indicated. 

8. N.D. 
15. 0.25 
20. .35 
18. 5. 
3.5 6. 
2.5 18. 
6. - - 

2. 7. 
4. .3 
1. -- 
.06 .02 
.001 .01 

-- - - 
.02 .001 
.001 .004 
.1 - - 
.06 .3 

- - - - 
.02 .2 
.005 .001 
-05 .O1 
.0008 .0005 
,002 -- 
.03 .06 
.01 .015 

Balance in first five samples: Not found. N.D: Si + nondetectables: Balance in i143727. 

Uranium in ppm by 
Fluorimetric 
method: 1020 
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