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The po ten t i a l  f o r  uranium deposfts i n  t h e  Tertiary Kootznahoo Formation of the  
southern par t  o f  t h e  Admi r a l  t y  trough, southeastern A1 aska 
by Kendell A, Dickinson and John A. Carnobe1 1 

Geologic evidence suggests t ha t  t h e  1 ower Tert  i a r ~  Kootznahoo Formation 
i n  t h e  southern p a r t  o f  t h e  Admiral ty t rough i n  southeastern A laska  may b e  
f avo rab le  f o r  uranium. The area o f  t h i s  stud-y includes the outcrop belt along 
t h e  southwestern s ide  o f  Zarembo Islafid, a small area eas t  o f  Po in t  Nesbit  
along the southwest coast o f  Zarembo Island, and another small area i n  
C a l i f o r n i a  6a.y on t h e  no r th  coast o f  Pr ince o f  Wales I s l and .  ( f i q s .  1 and 2). 
Uranium was investigated i n  t he  Zarembo Island area hy Eak ins  (1975) who 
reported only 2 ppm uranium and a t t r i b u t e d  a s l i g h t  r a d i o a c t i v e  anomaly t o  
thorium o r  potassi urn. Radioacti ve vei  ns o f  h e m a t i t i c  carbonat i t e  are  present 
near the  entrance t o  Salmon Bay on the  northwest coast  o f  Pr ince of  Wales 
Island. The r a d i o a c t i v i t y  i n  these veins, hosted by S i  1 u r i a n  graywacke, seems 
t o  r e s u l t  mostly from thor ium bear ing accessory m i n e r a l s  (Houston and others, 
1958). 

Samples were c o l l  ected from outcrops o f  t h e  Kootznahoo Formation and t h e  
over ly ing  volcanic rock. These sarnpl es were analyzed f o r  u ran i  urn and t h o r i  urn 
by the delayed-neutron method ( M i  1 l a rd ,  1976) and f o r  o the r  elements b y  semi- 
quan t i t a t i ve  spectroscopy. Chemical analyses were c a r r i e d  ou t  i n  t h e  
ana ly t i ca l  l a b o r a t o r i e s  o f  the  U.S. Geological Survey I n  Denver, Colorado. 
Mineralogical  analyses were by whole-rock X-ray d i f f r a c t i o n  and by t h i n  
sec t ion  examination. Cl ay m i  nera l  s were determined by X-ray d i  f f r a c t i  on 
before and a f t e r  heat ing, g l yco la t i on ,  and a c i d i z a t i o n  (Dixon and Weed, 
1977). Sandstone gra ins were i d e n t i f i e d ,  counted, and measured i n  t h i n  
sect ions o f  a few samples. Petrographic descr ip t ions  a r e  given i n  t a b l e  1. 

GEOLOGIC SETTING 

Ter t i a ry  c o n t i  ncn ta l  sedimentary rock from several separate a reas  i n  t h e  
Admiralty trough was described by Buddington and C h a p i n  (1929). The 
Kootznahoo Formation was named by Lathram, Pomeroy, Berg, and Loney (1965) 
from exposures Sn the Kootznahoo Inlet area  on the west s ide o f  Admiral ty  
Is1 and. S i m i  l a r  and apparent ly  c o r r e l  a t  1 ve sequences have been desc r i  bed i n 

d 

the Pybus-Garnbier area o f  southern Admiralty Island (Loney, 1964) and i n  t h e  
Keku S t r a i t  area o f  Kuiu and Kuperanof Is lands by Mu f f l e r  (1967) ( f ig .  1). 
The Kootznahoo Formation was u p l i f t e d  and eroded, and only remnants o f  a 
previously continuous u n i t  a r e  exposed, bu t  i t  was probably o r i g i n a l l y  
deposited throughout t h e  A d m i r a l t y  t rough ( f i g .  1). The Kootznahoo conta ins 
f o s s i l s  ranging from Paleocene through Miocene i n  age (Wolf - i n  Lathram and 
others, 1965, p. 30-31). In t h e  C a l i f o r n i a  Bay area the  Kootznahoo o v e r l i e s  
Paleozoic sedimentary rock, predominantly t h e  S i l u r i a n  Heceta Limestone, and 
i n  t h e  eastern and southwestern Zarembo Island areas i t  i s  overlain b.y 
volcanic f l ows  and agglomerates t ha t  range i n  composit ion from b a s a l t  to 
r h y o l i t e  ( f i g .  2). The Zarembo Is land  outcrops o f  t h e  Kootznahoo a r e  
penetrated by numerous f e l s i c  and maf ic  s i l l s  and steeply d i p p i n g  d i k e s  t h a t  



Figure 1.--Southeastern Alaska showing ~ d r n i r a i t ~  Trough  o on J."Miller a i d  : 
others, 1959, f i g .  8-12) and the area o f  the present 'report. 
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range i n  thickness f rom less than a meter t o  severa l  meters. The f e l s i c  
bodies a r e  younger than the  m a f i c  bodies, The m a f i c  dikes are  com~'osed o f  
microgabbro and the f e l s i c  d ikes  a r e  r h y o l i t e  o r  quar tz  dacite.  M a f i c  d ikes 
are  also found i n  the  C a l i f o r n i a  Bay area on northern Prince of  Wales 
Island. These dikes are  probably  younger than the Kootznahoo hut the: r age 
r e l a t i v e  t o  the Kootznahoo a t  t h a t  l o c a l i t y  was not  determined w i th  ce r ta in t y .  

The Admiralty t rough i s  an elongate bas in  t h a t  extends from Centra l  
Admiralty I s land  southeastward t o  central  Pr ince o f  Wales Is land ( f ig. 1). 
The s t ruc tu re  o f  t h e  area i s  discussed i n  greater  d e t a i l  by M i  1 l e r ,  Payne, and 
Gryc (1959). The trough i s  about 320 km long and 50 km wide: 

POTENTIAL URANIUM MOST ROCKS 

The Tertiary cont inenta l  sedimentary beds a1 ong t h e  west and southwest 
coasts o f  Zarembo I s land  and on t h e  n o r t h  end o f  Pr ince o f  Wales I s l a n d  a r e  
apparent ly  p a r t  o f  t h e  Kootznahoo FormatSon. For the most par t ,  they were 
deposited i n  f l u v i a l  environments and may be f avorab le  host  rocks f o r  u ran i  um 
deposjts. The Kootznahoo contains carbonaceous m a t e r i a l  and p y r i t e  t h a t  may 
a i d  i n  the p r e c i p i t a t i o n  o f  uranium. Samples conta in  as much as 27.7 ppm 
uranium. This  content o f  urani  urn although f a r  f rom commercial grade i s 
considerably more than i s  generally found i n  sandstone, and a t  least a minor 
amount o f  epi geneti  c e n r i  chment i s suggested. 

About 50 m o f  the Kootznahoo Formation i s  exposed along t h e  west s ide  of 
Zarembo Island. I n  t h i s  area t h e  Kootznahoo strikes about N 51) rJ, n e a r l y  
p a r a l l e l  t o  t h e  coas t  and d i p s  a t  about 30' t o  t h e  N.E. These beds probably 
represent only  a small p a r t  o f  t h e  Kootznahoo because the fo rmat ion i s  about 
410 rn t h i c k  i n  t h e  Port Camden area t o  t h e  nor th  (Buddington and Chapin, 
1929). On Zarembo I s l a n d  the Kootznahoo cons i s t s  most ly  o f  conql omerate and 
sandstone, but i t  a l s o  conta ins some sha le  and s i l t s t o n e  ( f i g .  3). The base 
o f  t h e  formation i s  covered and t h e  top  o f  the  formation i s  o v e r l a i n  by 
volcanic conglomerate and 1 ava f l ows. 

Approximately 40 meters o f  t h e  Kootznahoo Format ion crops out about 2 t o  
3 krn east o f  Point  Nesbit  a t  t h e  southern t i p  o f  Zaremho Is land .  The sequence 
there i s  very s i m i l a r  t o  t h a t  on t h e  southwest coast of Zarembo. The rock i s  
mostly' medium t o  coarse-grained brown arkos ic  sandstone, sandy arkos ic  
conglomerate and dark-gray shale. Dark gray slate and whi te  cher t  a re  t h e  
most common c l a s t s  i n  t h e  conglomerate. Two samples o f  conglomerate averaged 
9.2 ppm uranium and one shale sample contained 6.5 ppm uranium ( t a b l e  1). 
D i  kes conta in  i ncl usi  ons o f  the sedimentary country rock. The sedimentary 
sequence i s  o v e r l a i n  by a l t e r e d  dark gray vo l can i c  conglomerate and l a v a  
flow. Clasts o f  s a h k t o n e  are contained within t h e  vo lcan ic  rock. 

Only about 20 meters o f  the  Kootznahoo Formation i s  p resen t  a t  the  
Ca l i f o rn ia  Bay l o c a l i t y  where i t  o v e r l i e s  S i l u r i a n  l imestone ( f i g .  2). Th is  
T e r t i a r y  sequence cons i s t s  o f  sandstone, coal,  mudstone, and shal  e. The 
sandstone i s  l i g h t  brown, poor ly  sor ted  and cross-bedded, t h e  coal i s  p y r i t i c ,  
t h e  mudstone i s  l i g h t  brown and conglomeratic, and t h e  shale i s  b lack  and 



Meters 
* 

Conglomerate and conglomeratic sandstone, 
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sandy at top 
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sandy, non-calcareous (35cps) 

Basalt, dark-gray and black, hard 

Rhyolite, light-brown, porphyritic, 
contains weathered phenocrysts (60cps) 

Conglomerate, brown, sandy 
Basalt, black, dense; contatris casta 

of small phen6crysts; resistant t o  
- weathering (30cps) 
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Figure 3.-'-section .of Tertiary rrdcks i n  the i n t r a t i d a l  'zone on ,the sduthwes't 
coast of Zarembo ,Island: A1 aska ,(near east center b f  NW 1/4 o f  'seCtrion . 29, . 

T64S. -R80E)- 
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Table 1.--banturn and t h o r t m  data, together wi th 14 tholoqy and mjneralogy o f  samples o f  Koornanoo Formatron and re lated Igneous rock. 

S amp1 e h P *  Uranium . Thori urn 
Number 

Th / 
Location PPn PP" U 

.- .. 

General Hlnera logy 

Int rus ive and extrusive rock 

88802 K 9.0 22.8 2.5 rhyol i t e  d l  ke, l i g h t  red brown quarts, plaqloclase, microcline. kao l in l te ,  l l l l t e  
R-4 \ L 9.0 18.0 2.0 daci t e  vo l can~c  agglomerate, quartz, plagtoclase, K-feldspar, cn lo r i te ,  ' F 

l f ght gray quartz t l l l t e  
87 806 8.2 18.g 2.3 qua r t zdac l te f l ow? ,  l i g h t  quarts, plagioclase, K-feldspar, ca lc i te ,  

gray mot t led s lder t te  
87802 C 6.6 8.0 1.2 quartz #act  t e  flow, medium gray quartz, plaqloclase, ch lo r i te ,  c a l c i t e  
R-2 D 5.6 9.3 1.7 q u a r t z d a c l t e f l w , m o t t l e d g r a y  p l a g I o c l a s e , q u a r t t , c h l o r l t e , c a l c i t e  

89803 G 3.9 4.0 1.0 dark gray mlcroqabbro dike plagioclase, K-feldspar, auglte, i lmenlte, 
smectlte, il l i t e  

&?a04 E 3.7 C2,4 (0.7 quartz daci te dtke ,  mdium gray plaqioclase quartz. kaol in l te,  smc t t t e7  
87801 B 3.5 (2.3 (0.7 d a c i t e  flow rock, gray quartz p l  aqi ocl ase quartz, kaol f n l  t e  c a l c i t e  
R-3 I 3.3 5.6 1.6 quartz dacite f lw rock, medtun plagioclase, quartz, chlorite, i l l i t e  t o  

gray smect i t e 
89802 G 3.0 (2.0 <0.7 micro basal t i c  d l  kc, medium gray pl ag4oclase, ch lo r t t e  aug5te quartz, 

magnetite, smectite 
88803 K 2.2 2.2 1.0 mfcrogabbro d l  ke, dark gray . plagioclase, auglte, ch lo r i te ,  kao l ln i te ,  

magnet1 t e ,  tlmenl t e  

Average 5.3 <8.7 (1.4 

- - .. . 

sedimentary rock 

812803 A 27.7 28.5 1.0 coal, p y r i t i c  pyrite!, dolomite 
88804 3 17.7 <5.1 (0.3 sandstone, gray f i n e  grained c a l c i t e  quartz, p l  agiocl ase, K-feldspar, 

carbonaceous pyr i te,  chlori te, s m c t i t e  
88805 H ' 15.2 86.3 5.7 conglomerate, gray I l t h l c ,  , quartz, p l  agiocl ase, K-feldspar, ch lo r l  te, 

arkosic I 1  11 te, py r l  t e ,  magnetite 
HPZ-2 r4 10.5 20.8 2.0 conglomerate, gray l i t h l c ,  arkosfc q u a r t z , p l a g i o c l a s e , c h l o r i t e ,  I l l l t e  
NP2-3 M 8. 2 22.9 2.8 conglomerate, gray I l t h i c ,  arkosic quarts, plaq ioc lase ,ch lor i te ,mfca ,  c a l c i t e  
89904 G 7.0 10.0 1.4 shal e ,  medi urn gray, hard, quartx, plagloclase, chlor t te,  ill i t e ,  

p l a t y ,  s i l t y  kaol l n l  t e?  
NP2-1 M 6.5 7.6 1.2 mudstone, medlum gray, dense quartz, mlca. chlor i te,  plagloclase 
87003 C 6.5 9.1 1%.4 congl omerate, Carbonaceous quartz, p l  agioclase, chlorite. i l l  f te ,  

fragments, pyri te p y r l  te ,  slderi  te? 
812801 A 6.2 7.2 1.2 sandstone, brown, coarse quartz, plagloclase, K-feldspar py r i t e ,  

gra l ned , poor1 y sorted kaol I nf t e  
89805 K 4.7 7.3 1,3 shale, dark brown, lamfnated quartz, p l  agiocl ase, cdl d te,  chlorite, 

s l l t y ,  mica muscovl t e  
, 88801 K 3.5 11.6 3.3 sandstone, brown, medfum- quartz, plagfoclase, K-Pel dspar, ch lo r i t e ,  

gra l ned f l l lte.  kaol fnf te? 
a 812802 
1 

A 3.3 3.6 1, l sandstone, b r o w  coarse- quartz, p l  agf oclase, K-fel dspar, kaol In1 te, 
gra l  ned , crossbedded ca lc i te ,  dalomlte 

' 89806 ' K 2.8 3.6 1.7 sandstone, brown, mdtum quartz, plagioclase, K-feldspar. chlorite.  
I grslned crossbedded rnuscov~ t e  
1 87805 E 2.5 7.1 2.9 sandstone, 1 lght brown, quartz, plaglorlase, K-feldspar, 
I t o  mdfium gralned, contains muscovl te, chlor t  t e  
I carbonaceous fragments 

' Average 7.4 16.5 2.0 



f i s s i l e .  A s l i g h t  radioactive anomaly (about 2 t o  3 times t h a t  of most of the 
other rock) i s  located a t  the base o f  the  sandstone bed and a t  t h e  - top of the  
coal  bed. The coal contains 27.7 ppm uranium ( t a b l e  1). 

Grains o f  t h e  Kootznahoo sandstone and conglomerate genera l ly  cons i s t  o f  
quartz, plagioclase, K-fel d s p a r ,  mica, and chl o r i  te. The t o t a l  ' amount of 
feldspar exceeds t h a t  o f  quar tz  and the rock i s  mostly c l a s s i f f e d  as arkose o r  
arkosic ( f ig .  4). Kaol i n i t e  ( ?  smectite, c a l c i t e ,  s i d e r i t e ,  and magneti te 
together w i th  minor amounts o f  var ious accessory minerals are found i n  some of  
t h e  samples. The sandstone i s  p a r t l y  cross-bedded and p a r t l y  massive. The 
conglomerate c l a s t s  are fragments o f  p l  utonic igneous rocks, metamorphic rocks 
and whi te chert. The mudstone is laminated a t  var ious fntervals ,  The 
predominant clay mineral at the  Zarembo Is1 and Focal i t i e s  i s  c h l o r i t e ,  
although others a r e  present; t h e  predominant c lay  mineral a t  t h e  C a l i f o r n i a  
Bay locality i s  kao l in i te .  

The Kootznahoo Formation was deposited i n  a non-marine bas in  i n  a predomi- 
nantly f l  u v i  a1 envi ronment, Lacust r i  ne envi ronrnents may a1 so have been present 
as indicated by t h e  laminated mudstone, but  they were probably l o c a l  ephemeral 
lakes on a f l o o d  p la in .  Lacust r ine f o s s i l s  were not  found, al thouqh an 
adequate search was not  made. The narrowness o f  t h e  Admi r a l  ty  t rouqh suggests 
t h a t  t r u e  d i s t a l  sediments were not  deposited, bu t  the sedimentary rock a t  
Ca l i f o rn ia  Bay, which contains coal ,  i s  probably more distal than t h a t  a t  
Zarembo Island. The c h l o r i t e  deposited i n  t h e  sedimentary rock  on Zarembo 
I s land  was probably der ived f rom eros ion o f  metamorphic rocks. The kaolinite 
i n  the  Cal l f o r n i a  Bay samples may have been winnowed and c a r r i e d  t o  the center  
o f  the basin o r  i t  may have been der ived diagenetically i n  a more a c i d i c  
envi ronment assocf ated w i t h  the coal  swamps. 

The average uranium content o f  the  sedimentary rock samples analyzed f o r  
t h i s  report  i s  7.4 ppm. This i s  nearly three times the average found i n  
Tert iary continental  sedimentary rocks f rom south cen t ra l  A1 aska ( D i  c k i  nson 
and Campbell, 1978). These uranium values a re  probably re la ted  t o  the amount 
of res is ta te  minerals, such as sphene and z i r con  and t o  ep igenet ic  enrichment. 
The co r re la t i on  c a e f f  i c i e n t  between uran j  um and t i  rconi urn contents f s +O. 11 
which is i n s i g n i f i c a n t  f o r  13 samples ( tab les  2, 3) .  If, however, o n l y  
samples w i th  less  than 10 ppm uranium are considered, t h e  c o r r e l a t i o n  
c o e f f i c i e n t  i s  +0.77 which i s  significant a t  t h e  98 percent conf idence l e v e l  
for 10 samples. A s i m i l a r  r e l a t i o n  e x i s t s  between uranium and t i t an ium;  t h e  
co r re la t i on  i s  i n s i g n i f i c a n t  i f  a l l  13 samples are compared but the 
co r re la t i on  i n  samples w i t h  less than 10 ppm uranium i s  +0.69 which i s  
s i g n i f i c a n t  a t  the  95 percent confidence l eve l  f o r  10 samples ( t ab le  2). I n  
the samples with  less than 10 ppm urani  urn most of the  urani urn apparently i s  i n  
res fs ta te  minerals and i n  the  sampTes w i t h  more than 10 ppm some of t he  
uranium i s  from other-sources, poss ib ly  ep igenet ic  enrichment. This 
re la t ionsh ip  i s  also shown on a scatter diagram o f  uranium versus t i t a n i u m  
(fig. 5). One sample, the coal sample ( t ab le  1, number 812803), was n o t  
included i n  t h i s  analys is  because o f  i t s  d i f f e r e n t  o r i g i n  al though i t  contafns 
27.7 ppm uranium, the highest f o r  the sedimentary rocks. The uranium i n  t h i s  
sample could have been absorbed from uran i ferous ground water by carbonaceous 
mater ia l ,  but  the sample a l s o  contained about 10 t imes more z i rcon ium than anmy 
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Tab1 e 2.--Correlat ion c o e f f i c i e n t s  between uranium and v a r i o u s  elements, 

A 1  1 sedimentary rocks 

(less coal) +.11(13) +. 24(13) +.22(13) +.24(13) -0.15(13) 

Sedimnta ry rocks 

w i t h  less than 

10 ppm uranium +. 77 (lo)*** +.4(10) m a  38(10) +. 29(10) +.69(10)** 

Igneous rocks +.26(11) +.64(11)** -.50(11) ma54(11) -.51(11)* 

*S ign i f i can t  a t  90% confidence 1 evel 
**Si gni f i cant a t  95% confidence 1 evel 
***Si gni f i cant  a t  98% confidence 1 evel 



Table 3. - -Snlquant l  t a t t v e  6-step spectrographtc analyses of sedlmtntary rocks. Elements 1 i sted be1 ow t a b l e  m r e  e l ther  not detected or below 
1 i m l t s  o f  detectfon I n  all samples. N equals not detected or be1 uid 1 lmt ts  of detectton. L equals detected, but betow l l m f  t of determlnatton. 
G equals greater than 10 percent. (Oetectton ) I m l t s  are glven I n  Table 5.) 

Ag, As, An, Ba, Be, B i ,  Cd, Pd, P t ,  Sb, Sn, Te, U, Zn, P, H I ,  I n ,  L1, Re, f a ,  Th, Tl 

*coal sump? e ashed before analysts 

-- ------c. - . - - -  _ _ +  - . - - -  - -  .- . 



Figure 5 .--Scatter 'diagram' o f  u ran i  urn versiis t i  t a n i  urn f r o m  s'edimentary rock 
sampler o f  the Kootznahoo ~ o n a t i h  .' ' 



o f  t h e  o t h e r  samples, and i f  t h i s  z i rcon ium i s  f rom zircon., t h e  uranium could 
a l s o  have been conta ined i n  a  c-oncentrat ion o f  z i rcon.  Such a  concent ra t ion  
i n  a coa l  w i t hou t  n o t i c e a b l e  d e t r i t a l  m ine ra l s  seems un l  i k e l . ~ ,  however. 

The brown c o l o r  o f  t h e  sandstone may have been caused by sur face 
o x i d a t i o n  o f  i r o n  and by  downward p e r c o l a t i n g  o x i d i z i n g  su r face  water. Th is  
water may have removed uranium from near su r face  rock, I f  a  zone o f  
unox id i  zed sandstone i s  present a t  depth, u r a n i  um depos i t s  may be present  
there. Only d r i l l i n g  would answer t h i s  quest ion. The average annual r a i n f a l l  
a t  Ketchikan i s  n e a r l y  f i v e  meters. P reserva t ion  o f  su r face  uranium depos i ts  
except i n  very impermeable rock i n  such a  wet c l i m a t e  seems u 'n l i ke ly .  

POTENTIAL URANIUM SOURCE ROCK 

There a re  severa l  p o t e n t i a l  uranium source rocks  i n  t h e  southern p a r t  of 
Admi ra l t y  trough. These i nc lude  T e r t i a r y  v o l c a n i c  and i n t r u s i v e  rocks on t h e  
west s i d e  o f  Zarembo I s l a n d  and i n  t h e  southern h a l f  o f  Kupreanof I s l and  t o  
t h e  nor th ,  and T e r t i a r y  a l k a l i  g r a n i t e  i n  t h e  southeastern  p a r t  o f  Zarembo 
I s l a n d  and i n  much o f  E t o l i n  I s l a n d  t o  t h e  southeast  (D. A. Brew, unpublished 
map, 1981). A l though a  complete study o f  these rocks  i s  beyond t h e  scope of 
t h i s  paper, l i m i t e d  s tud ies  o f  t h e  vo lcan ic  rock d i r e c t l y  o v e r l y i n g  t h e  
p o t e n t i a l  hos t  rock and i n t r u s i v e  rock p e n e t r a t i n g  i t  were c a r r i e d  out. I n  
add i t i on ,  p e r t i n e n t  i n fo rma t i on  was acqui r e d  f rom stream sediment s tud ies  by 
John C a t h r a l l  (unpubl i shed  data, 1981). 

The vo lcan ic  rock  i s  commonly a l t e r e d  a t  t h e  su r face  and i d e n t i f i c a t i o n  
was most ly  f rom X-ray d i f f r a c t i o n  data. It weathers t o  l i g h t  and medium 
gray. Judging from t h e  whole rock X-ray pa t t e rns ,  p l  ag ioc lase  i s  t h e  most 
abundant minera l  i n  a l l  t h e  vo lcan ic  rock  samples except f o r  one i n  which 
quar tz  i s  t h e  most abundant ( t a b l e  1). Some, i f  n o t  most o f  t h e  quar tz  i s  
secondary and i t  forms t h i n  ve ins o r  replacements i n  t h e  rock. The vo lcan ic  
rocks con ta in  much c a l c i t e  be l i eved  t o  be predominant ly  secondary and some 
s i d e r i t e .  Clay a1 t e r a t i o n  products i n  t h e  v o l c a n i c  rock  i n c l u d e  c h l o r i t e ,  
i l l i t e ,  and a  t r a c e  o f  smecti te. 

The minera l  composi t ion o f  t h e  i n t r u s i v e  rock  i s  very  s i m i l a r  t o  t h e  
e x t r u s i v e  rock except t h a t  more k a o l i n i t e  and smec t i t e  a r e  found i n  t h e  
i n t r u s i v e  rocks and t h e  more maf i c  i n t r u s i v e  rock  con ta ins  aug i te ,  magneti te, 
and i lmen i te .  There i s  a  g r a d a t i o n a l l y  i n c r e a s i n g  amount o f  quar tz  present i n  
t h e  samples from t h e  more maf ic  rock, which con ta ins  l i t t l e  o r  none, t o  t h e  
more f e l s i c  rock i n  which quar tz  may be t h e  most common minera l .  There i s  
a l s o  a  s i m i l a r  gradual increase i n  t h e  amount o f  uranium w i t h i n  t h i s  rock 
( t a b l e  1). The gamm_a-ray response over t h e  younger f e l s i c  d i kes  i s  n e a r l y  
t w i c e  t h a t  over t h g  ma f i c  dikes. 

Data a re  t o o  few f o r  a  thorough a n a l y s i s  o f  t h e  vo l can i c  and i n t r u s i v e  
rocks as p o t e n t i a l  uranium source rocks ( t a b l e  1). The data  do suggest, 
however, t h a t  t h e  rocks  a re  r e l a t i v e l y  h i g h  i n  uranium and low i n  thor ium, and 
t h a t  they probably  have not  been leached o f  uranium. The 11 samples of  
igneous rock conta ined an average o f  5.3 ppm uranium and l e s s  than 8.7 ppm 
thorium. Compared t o  t h e  averages, 3.5 ppm f o r  uranium and 11.0 ppm f o r  



thorium, for the upper continental crust  (Wedepohl, 1971),. uranium i s  high i n  
these samples and thor ium f s  low, The da ta  can be d i v ided  i n t o  two groups on 
the bas is  o f  uran i  um content and Th/U r a t  i os, The f f r s t  group o f  sampl es, 
w h ~ c h  includes two o f  quartz  d a c i t e  and one of rhyol i t e ,  averages 8.7 vvm 
uranium and 19.9 ppm thorium g i v i n g  an average Th/V r a t i o  o f  2.3. Average 
Th/U r a t i o s  f o r  v i t reous  (unleached) groups o f  samples o f  f e l s i c  vo lcan ic  
rocks from the  western conterminous United States  ranges from 2.9 t o  3.5 
( Z i e l i n s k i ,  1982). Average uranium content o f  1,352 s i l i c  vo lcan ic  samples, 
a l s o  from the western conterminous United S ta tes  i s  about 6.5 ppm (Wenrich. 
1982). The f i r s t  group o f  samples s tud ied here i s ,  based on these 
comparisons, h igh i n  uranium, but  w i th  a s l i g h t l y  lower than normal Th/U 
r a t i o s ,  and, al though they contain ample uranium t o  be a source rock, 
apparent ly  they  have not  l o s t  uranium b.y l leaching. The second group of 
samples studied here, which inc ludes 5 o f  quar tz  dac i te ,  2 o f  microgabbro, and 
one o f  b a s a l t ,  averaged about 4 ppm uranium and less than 4.5 ppm Th. The 
Th/U r a t i o  ranged from less than 0.7 t o  1.7 and averaged less than 1.1. The 
low Th/U r a t i o s  cou ld  i n d i c a t e  s l i g h t  uranium enrichment, bu t  the  very low 
thorium content suggests loss o f  thorium. The method o f  t h o r i  urn loss i s  not 
known, but, aga in  t h e  data  does not  suggest uranium leaching. 

John Cathra l l  (unpublished data, 1982) analyzed stream sediments from 
areas o f  Te r t i a r y  rhyo l  i t i c  volcanic areas from the  southern p a r t  of Kupreanof 
I s land  ( f i g .  1). Seven o f  these samples averaged 6.7 ppm uranium and 17  ppm 
thorium. These stream sediment values are s i m i l a r  t o  va lues fo r  f e l s f c  o r  
v i t reous  t u f f s  (Wenrich, 1982; Z i e l i n s k i ,  1982) and probably a re  
representat ive o f  t h e  vo lcan ic  area from which t hey  were derived, Three 
samples o f  rhyol  i t i c  agglomerate and f low f r o m  near Kah Sheets Lake i n  t h i s  
same general area contained an average o f  10.9 ppm uranium and 30 ppm thor ium 
(K. A. Dickinson, unpublished data,  1979). One o f  these samples contained 
16.4 ppm uranium and 40 ppm thorium. These f igures  also suggest t h a t  some of 
t he  r h y o l i t i c  rock contains ample uranium f o r  ep igenet ic  m inera l i za t ion ,  but  
t he  Th/U r a t i o s  o f  around 3 o r  less, which i s  t y p i c a l  of unleached fel s i c  
tu f fs ,  suggest t h a t  uranium loss by leach ing has not  occurred. 

T e r t i a r y  a1 k a l  i g r a n i t e  t h a t  represents a p o t e n t i  a1 source of uranium 
craps out i n  southeastern Zarembo Is land  and i n  much o f  E t o l i n  I s land  t o  t h e  
southeast. No uranium and thor ium analyses of t h i s  rock are ava i lab le ,  but  
stream sediment samples from t h e  E t o l i n  area have been analyzed (John 
Ca th ra l l ,  unpublished data,  1982). Seven samples from streams cross ing a l k a l i  
g r a n i t e  te r rane  averaged 13.2 ppm U and 17.7 Th. The thorium value  i s  more o r  
less average and t he  uranium value i s  about t w i c e  t h a t  genera l l y  i n  g r a n i t i c  
rocks (Rogers and Adams, 1978). Again, t h e  low Th/U r a t i o  does no t  suggest 
t h a t  the  a1 ka l  i gran i te  has los t  uranium. 

A s i g n i f i c a n t  ndgat i v e  c o r r e l  a t i o n  between u ran i  urn and vanadi urn and 
between uranium and t i t a n i u m  and a 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  between 
uranium and lanthanum was found i n  the igneous rock samples ( t a b l e  2. 4). A 
s t rong  p o s i t i v e  co r re l a t i on  probably a l s o  e x i s t s  between uranium and thor ium 
but i t  was not ca l cu la ted  because some o f  t he  thor ium values are  only upper 
limits, The c o r r e l a t i o n  between uranium and lanthanum i s  common i n  igneous 
rocks because both el ements tend t o  be exc l  uded from early m i  neral  phases 
dur ing  d i f f e r e n t i a t i o n  and concentrated i n  t h e  l a t e s t  magmatic stages. The 
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Table 5.--Approximate lower l i m i t s  o f  v i s u a l  detemlnat ion  for the  elements 
analyzed by the 6-step spectrographic method a t  the Denver 
Laboratory* (Myers and others ,  1961). 

Element Element % 

9 

ppm 

*Some combinations of  elements a f f e c t  the limits o f  determination. I n  
favorable  materials, values lower than above may be detected. I n  unfavorable 
materials, these limits of determination may not be attained. 



negative co r re la t i ons  between uranium and t i t a n i u m  and between uranium and 
vanadium are probably explained by the same general process; the t i t a n i u m  and 
vanadium having been concentrated i n  e a r l y  mineral phases. 

RADIOMETRIC MEASUREMENTS 

Radiometrf c measurements from t h i s  and other stud ies show no apparent ly  
s i g n i f i c a n t  anomalies i n  the  T e r t i a r y  sedimentary o r  vo l can i c  rock i n  t h i s  
study area (Eakins, 1975; Susan K a r l ,  unpublished map, 1981). Some of the  
conglomerates from southern and western Zarembo Island and the t o p  of the  coal  
bed a t  C a l i f o r n i a  Bay e x h i b i t e d  gamma-ray measurements o f  about two t o  t h r e e  
t imes  t ha t  o f  t he  surrounding rock. Not su rp r i s ing l y ,  t h e  r h y o l i t i c  d ikes on 
western Zarembo Is1 and produced s c i n t i  11 ometer readings o f  about two t o  three 
times t h a t  o f  the  basasltic dikes. No s i g n i f i c a n t  anomalies were observed 
where an a i rborne radfometr fc  survey crossed the southern t i p  of the 
Kootznahoo outcrop area (LKB Resources, Inc. , 1979). 

SUMMARY 

The Kootznahoo Formation I s  potentially an excellent host rock fo r  
uranium. It includes permeable sandstone and conglomerate beds toge the r  w i th  
s u i t a b l e  reductants. Carbonaceous fragments a r e  comnon i n  some of t h e  
sandstone and conglomerate beds and pyr i te  i s  present i n  a coa l  bed. Sl i g h t  
epi genet ic  uran i  urn enrichment i s present i n some o f  t h e  congl omerate and 
sandstone beds and p o s s i b l y  i n  t h e  coal  bed. Surface ox ida t i on  would probably 
have destroyed any s u r f i c i a l  uranium deposits,  but deposfts could be found i n  
subsurface reduced zones. The Kootznahoo i s  o v e r l a i n  by vo lcan ic  rock t h a t  
inc ludes dac i te  and r h y o l i t e  t h a t  have abnormally h igh uranium content i n  some 
places. The Th/U r a t i o  o f  t h e  few samples analyzed, however, suggests t h a t  
these p o t e n t i a l  source rocks have not  l o s t  uranium by leaching. A potent ia l  
fo r  uranium depos i ts  cannot be r u l e d  out, however, because uranium leach ing  
may have occurred f rom the same rock i n  other areas or from other  rocks and 
because there  must have been a source o f  uranium f o r  the  occurrence found i n  
the  northern p a r t  o f  t h e  Admiral ty  t rough (Dickinson, 1979). 
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