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Abstract  

Large g r a n i t i c  Cretaceous p lutons a re  exposed along and adjacent t o  

an arcuate b e l t  of igneous and high-grade metamorphic rocks i n  the south- 

eastern Seward Peninsula o f  Alaska. Reconnaissance studies o f  these 

p lutons have shown t h a t  t he  Darby p lu ton  has we l l  above average amounts 

o f  U and Th (11.2 ppm and 58.7 ppm respec t i ve l y ) ,  t he  Kachauik p lu ton  

ranges from average t o  above average U and Th (5.7 ppm and 22.5 ppm 

respect ive ly )  , and the  Bendeleben p l u t o n  contains average amounts of 

U and Th (3.4 ppm and 16.7 ppm respec t i ve l y ) .  The th ree p lutons show 

compositional and t e x t u r a l  d i f fe rences i n d i c a t i v e  o f  d i f f e r e n t  source 

mater ia ls  which may have c o n t r o l l e d  the  d i s t r i b u t i o n  o f  U and Th. 

The h igh  U and Th contents o f  the  Darby p lu ton,  s i m i l a r  t o  t h a t  

o f  the Conway Grani te o f  New Hampshire which has been mentioned as a 

poss ib le  low grade Th resource, suggests t h a t  t h i s  p lu ton  may be a 

favorable area fo r  economic concentrat ions o f  U and Th. 

In t roduc t ion  

Reconnaissance sampling and mapping o f  three la rge  g r a n i t i c  masses, 

the  Bendeleben, Darby, and Kachauik p lutons,  i n  the  southeastern p a r t  of 

the  Seward Peninsula ( f i g .  1) has shown t h a t  the  Darby p lu ton  has above 

average U and Th contents and t h a t  U and Th contents o f  t he  th ree p lu tons  

are  s i g n i f i c a n t l y  d i f f e r e n t .  Reconnaissance p e t r o l o g i c  s tudies o f  the  

th ree p lutons and a n a l y t i c a l  r e s u l t s  reported he re in  prov ide  a framework 

f o r  f u t u r e  s tud ies  o f  rad ioac t i ve  ma te r ia l s  i n  t h e  region and c a l l  

a t t e n t i o n  t o  areas o f  anomalous concentrat ions o f  U and Th. 



The southeastern Seward Peninsula i s  dominated phys iograph ica l ly  

by the  rugged Bendeleben and Darby Mountains which together form an 

arcuate t rend convex t o  the  southwest. The Darby and Bendeleben p lutons 

under l i e  the  respec t i ve l y  named mountain ranges w h i l e  the Kachauik p lu ton  

l i e s  i n  the uplands adjacent t o  the  Darby Mountains. These p lutons were 

f i r s t  noted by Mendenhall (1901) and Smith and Eakin (1911) dur ing  

reconnaissance t raverses along and across the  Darby Mountains. No o ther  

s tudies of these p lutons were done unt  i 1 West (1953) inves t iga ted the  

r a d i o a c t i v i t y  of pan concentrates taken from streams d ra in ing  the  Darby 

and Kachauik p lutons.  More recent ly ,  t he  p lutons were mapped a t  a scale 

of 1 :250,000 by M i  1 l e r  and others (1972) and much o f  t h i s  repo r t  i s  

based on t h a t  work. A p re l im ina ry  geochemical repo r t  by M i l l e r  and 

Grybeck (1973) mentioned the  h igh  U and Th values obtained from 3 rock 

samples o f  t he  Darby p luton.  

Approximately 70 modal analyses have been made o f  the  p l u t o n i c  rocks 

and 28 chemical analyses were obtained along w i t h  t h e  31 gamma-ray 

spectrometr ic  analyses reported here. I t  i s  emphasized t h a t  much of 

t h i s  study i s  based upon reconnaissance mapping and the  number of samples 

analyzed i s  too  small t o  de f i ne  i n  d e t a i l  the t o t a l  range of U and Th 

contents i n  the  p lutons sampled. Smaller p lutons i n  the  general region 

such as the  Windy Creek stock and the  Dry Canyon Creek a l k a l i n e  complex 

( f i g .  1 ) have not  been sampled f o r  U and Th. 

We are  indebted t o  D. G. Grybeck, R. L. E l l i o t t ,  and T. L. Hudson 

f o r  assis tance i n  the  mapping and t o  M. H. Staatz f o r  in format ion  on some 

o f  the  rad ioac t i ve  minerals.  C. A. Bush ass is ted  w i t h  the  analyses of t he  

radioelement contents. 



Geologic Set t ing 

The Darby, Bendeleben, and Kachauik plutons are among the largest  

bodies o f  g r a n i t i c  rock on the Seward Peninsula and form pa r t  o f  an 

arcuate b e l t  o f  p lu ton ic  and high-grade metamorphic rocks extending 

f o r  270 km across the Peninsula through the Darby, Bendeleben, and 

Kig lua ik  Mountains ( f i g .  1). The metamorphic rocks o f  t h i s  igneous- 

metamorphic complex consist  c h i e f l y  o f  Precambrian p e l i t i c  sch is t  and 

gneiss w i t h  in terca la ted marble, c a l c - s i l i c a t e  gneiss, and minor 

amphibolite; mineral assemblages suggest the rocks belong t o  the 

almandine amphibolite facies. The p lu ton ic  rocks that int rude t h i s  

assemblage i n  the southeastern Seward Peninsula are  c h i e f l y  Cretaceous 

and range i n  composition from quartz monzonite and granodior i te  t o  

monzonite and syenite. Associated w i t h  some o f  the syeni te and mon- 

zon i te  bodies are small i n t r us i ve  complexes and dikes o f  a l ka l i ne  

s u b s i l i c i c  rocks which form pa r t  o f  a l i t h o l o g i c a l l y  s im i l a r  b e l t  tha t  

extends from west-central Abka  through the southeastern Seward Peninsula 

and S t .  Lawrence Is land i n t o  S iber ia  (M i l l e r ,  1972; Csejtey and Patton, 

1974). Bounding the igneous-metamorph i c complex i n  the southeastern 

Seward Peninsula are low-grade Precambrian greenschist facies rocks, 

cons is t ing c h i e f l y  o f  quartz-mica sch is t  w i t h  lesser amounts of meta- 

volcanic rocks, g raph i t i c  sch is t ,  and marble. Paleozoic (ch ie f l y  

~evon ian)  carbonate rocks ( ~ i  1 l e r  and others, 1972) are associated w i t h  

these low-grade metamorphic rocks and appear t o  be i n  f a u l t  contact w i t h  

them. The change i n  facies between low- and high-grade metamorphic 

rocks i s  so abrupt i n  most places t ha t  i t  appears t o  mark a f a u l t  contact. 

Cretaceous non-marine sedimentary rocks crop out  east o f  the Darby 

Mountains and Late Cenozoic basalts, which cover large areas t o  the nor th  



and east, occur l o c a l l y  i n  the southeastern Seward Peninsula. Both the 

Bendeleben and Darby Mountains were subjected t o  va l ley  g l ac i a t i on  o f  

probable I 1  1 inoian and Wisconsin age ( ~ o p k i n s  , 1963) which has resul ted 

i n  numerous U-shaped va l leys and aretes. 

The southeastern Seward Peninsula i s  s t r u c t u r a l l y  complex and i t s  

dominant s t ruc tu ra l  g ra in  changes from east-west i n  the Bendeleben 

Mountains t o  north-south i n  the Darby Mountains. Parts of the area have 

been subjected t o  east-di rected thrust - fau l  t i n g  (Sainsbury , 1969b) and 

both mountain ranges appear t o  be a t  least  p a r t l y  bounded by range- 

f r o n t  f au l t s .  A narrow but continuous north-south b e l t  o f  o p h i o l i t e  

rocks o f  probable Permian age crops out  east o f  the Darby and Bendeleben 

Mountains ( ~ i  1 1 er  and others, 1972) ; these rocks are loca l  l y  glaucophane- 

bearing and may mark an o l d  suture zone. 

Petrology 

The Darby and Bendeleben plutons are composed o f  r e l a t i v e l y  homo- 

geneous quartz monzonite tha t  i s  s im i l a r  i n  gross composition but d i f f e r s  

i n  g ra in  s i ze  and texture.  The Kachauik p lu ton i s  a much more heter- 

ogeneous composite p lu ton composed o f  rocks ranging from granodior i te  

t o  syenite. P lo ts  o f  f e l s i c  modal components based on po in t  counts of 

stained slabs ( f i g .  2) show the compositional character o f  the plutons. 

Because the sampling densi ty o f  these large plutons i s  r e l a t i v e l y  low, 

the modes shown i n  f i gu re  2 only approximately represent the range i n  

composition. The same i s  t rue  f o r  the average chemical analyses given 

i n  Table 1. 

The Darby p lu ton under l ies the eastern Darby Mountains and has a 

ra ther  unusual shape - a long t h i n  body extending f o r  over 80 km 



0 
i n  a N 18 E d i r e c t i o n  and on ly  3 t o  8 km wide covering an area o f  

about 400 km2. Exposures a re  good i n  the  g lac ia ted  nor thern  p a r t  o f  

the p luton,  p a r t i c u l a r l y  i n  the  h igher c i rque  wa l l s ,  and along the 

southern sea coast; elsewhere i n  the  p luton,  f r o s t  a c t i o n  has reduced 

many outcrops t o  f r o s t - r i v e n  blocks. Enough t o r - l i k e  p innacle outcrops 

remain, however, t o  g i v e  a f a i r  outcrop pat te rn .  The rocks a re  genera l ly  

f resh al though commonly somewhat f r i a b l e  i n  the p innacle outcrops. The 

Darby g r a n i t i c  rocks have a d i s t i n c t  and c h a r a c t e r i s t i c  coarse-grained 

and p o r p h y r i t i c  t e x t u r e  w i t h  l a rge  tabu lar  p ink  K-feldspar phenocrysts 

(up t o  50 mm long) i n  a gray t o  cream colored, medium- t o  coarse-grained 

groundmass o f  fe ldspar  and quar tz  mot t led  w i t h  5 t o  10 percent dark 

minerals. F o l i a t i o n  and l i n e a t i o n  are  almost t o t a l l y  lack ing  except 

l o c a l l y  along the  western contact  n o r t h  o f  the  headwaters o f  Dry Canyon 

Creek. Large ( ~ 3 0  cm i n  length) maf ic  e l l i p s o i d a l  inc lus ions  a re  

l o c a l l y  very abundant i n  the sea c l i f f  exposures a t  the  southern 

t i p  of t he  p lu ton  j u s t  east  o f  Cape Darby ( f i g .  1 ) .  

The Darby g r a n i t i c  rocks are  c h i e f l y  quar tz  monzonite cons is t i ng  

essent ia l  l y  of p e r t h i  t i c  K-feldspar and p lag ioc lase (An20-34) i n  

approximately equal amounts w i t h  s l i g h t l y  l ess  quartz .  V a r i e t a l  maf ic  

minerals a re  b i o t i t e  and hornblende w i t h  hornblende always less abundant 

than b i o t i t e  and almost t o t a l l y  absent i n  the  nor thern t h i r d  of the 

p lu ton.  Ubiquitous accessory minerals a re  abundant magneti te and 

a l l a n i t e  w i t h  lesser  amounts of sphene, apa t i t e ,  z i rcon,  and a l i t t l e  

f l u o r i t e  and r u t i l e .  A l t e r a t i o n  e f f e c t s  a re  weak w i t h  on ly  minor amounts 

o f  s e r i c i t e  a f t e r  p lagioc lase,  c h l o r i t e  a f t e r  b i o t i t e ,  and g o e t h i t e  and 

lep idoc roc i te  a f t e r  magnetite. 



Although megascopically the p lu ton appears t o  show l i t t l e  change 

i n  composition over i t s  e n t i r e  80 km length, the modes show a s l i g h t  

and gradual decrease i n  mafic mineral and plagioclase content from south 

t o  nor th  and a corresponding increase i n  quartz and K-feldspar ind ica t ing  

l a t e r a l  zoning. This l a t e r a l  zoning i s  i l l u s t r a t e d  i n  Figure 3 where 

mafic mineral content i s  p l o t t ed  along the ax is  o f  the pluton. 

A p l i t e  dikes, commonly tourmaline-bearing and general ly less than 

40 cm th ick ,  are common throughout the pluton, and a swarm o f  lamprophyre 

dikes occurs near the south end o f  the pluton. 

The most d is t ingu ish ing charac te r i s t i cs  o f  the Darby p lu ton are 

i t s  uniform coarse-grained and po rphy r i t i c  texture, consistent mineralogy, 

r e l a t i v e l y  homogeneous composition, and r e l a t i v e  abundance o f  magnetite 

and a l l a n i t e .  Chemically the Darby g r a n i t i c  rocks are Si02- and K20-rich 

w i t h  a high Fe203/Fe0 r a t i o .  This h igh Fe203/Fe0 r a t i o  i s  re f lec ted  i n  

the abundant magnetite i n  the Darby p lu ton which i n  tu rn  resu l t s  i n  a 

high magnetic i n t ens i t y  f o r  the p lu ton p a r t i c u l a r l y  as compared t o  the 

Bendeleben p l  uton ( ~ l a s k a  Div. Geol . and Geophys . Surveys, 1973a, b) . 
The Bendeleben p lu ton forms the core o f  the eastern Bendeleben 

Mountains underlying an e l  1 i psoidal-shaped area o f  about 300 km2. 

Exposures o f  rock ac tua l l y  i n  place are general ly  confined t o  the 

higher c i rque wa l l s  as f ros t -ac t ion  has resul ted i n  the destruct ion 

o f  most outcrops t o  f r os t - r i ven  blocks. Most o f  the Bendeleben g r a n i t i c  

rocks are f i ne -  t o  medium-grained, pinkish-gray quartz monzonite mott led 

w i t h  up t o  1 1  percent mafic minerals. The rock i s  general ly  massive and 

equigranular although pocphyr i t ic  and f o l i a t e d  va r i e t i es  occur near 

the border o f  the pluton.  



I n  contrast  t o  the abrupt country-rock contacts o f  the Darby 

pluton, the Bendeleben body consists of a cent ra l  core o f  g r a n i t i c  

rocks enclosed i n  a broad zone o f  a l te rna t ing  t h i n  bands o f  g r a n i t i c  

and high-grade metamorphic rocks w i t h  the l a t t e r  gradual ly increasing 

away from the pluton. A p l i t e  dikes cut  both the p lu ton and country 

rocks and pegmatites are  a lso common i n  the country rock. 

The Bendeleben quartz monzonite consists essen t ia l l y  o f  p lagioclase 

(An25-37) and s l  i g h t l y  lesser amounts o f  pe r th i  t i c  K-feldspar and quartz. 

The va r i e ta l  maf ic minerals, b i o t i t e  and hornblende, make up about 7 

percent of the rock. Both b i o t i t e  and hornblende are present, but 

b i o t i t e  i s  general ly  much more abundant as shown by a biot i te/hornblende 

r a t i o  o f  over 9. Local ly ,  i n  more mafic and perhaps contaminated phases, 

hornblende i s  more abundant and clinopyroxene a lso occurs. Accessory 

minerals are sphene, zircon, and apa t i te .  A l l a n i t e  and opaque minerals 

are less common and much less abundant than i n  the Darby pluton; monazite 

i s  a rare  const i tuent .  

Dist inguishing charac te r i s t i cs  o f  the Bendeleben p lu ton are i t s  

r e l a t i v e l y  f ine-grained and equigranular tex ture  and i t s  r e l a t i v e  

pauci ty o f  magnetite and a l l a n i t e  as compared t o  the Darby pluton. 

Chemically the Bendeleben quartz monzonite i s  a s i l i c i c  quartz monzonite 

w i t h  a low Fe203/Fe0 r a t i o .  

The Kachauik p lu ton occupies the upland region west of the 

Darby Mountains and has an aggregate area o f  about 530 km2 ( f i g .  I ) .  

I t  i s  a composite in t rus ion  w i t h  granodior i te  and quartz monzonite 

forming most o f  the west h a l f  of the p lu ton and a monzonite-syenite 

un i t ,  subdivided by M i  1 l e r  and others (1972) i n t o  four  sub-uni t s ,  

forming the eastern par t .  An a l ka l i ne  rock d ike swarm consist ing of 

pu lask i te  and pseudoleucite porphyry has intruded much o f  the northern 
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ha l f  o f  the  p lu ton  ( ~ i l l e r  and others,  1971); the d i k e  se t  has a  

cons is ten t  N 400 E s t r i k e .  Exposures o f  rock ac tua l  l y  i n  place a re  

confined c h i e f l y  t o  scat te red t o r - l i k e  outcrops t h a t  a r e  commonest 

i n  the  coarse-grained monzonite-syenite u n i t .  

The g ranod io r i t e  and quar tz  monzonite a re  p o r p h y r i t i c  w i t h  l a rge  

cream colored p lag ioc lase phenocrysts up t o  25 cm long and abundant 

maf ic  mineral  phenocrysts i n  a  grayish-cream colored medium-grained 

groundmass o f  fe ldspar  and quartz.  Essent ia l  minerals a re  p lag ioc lase 

(An33-b5) , p e r t h i  t i c  or thoclase,  and less abundant quartz; v a r i e t a l  

maf ic  minerals which c o n s t i t u t e  up t o  27 percent o f  t he  rock, a r e  

b i o t i t e ,  hornblende, and clinopyroxene. The average modal composition 

i s  approximately t h a t  o f  a  granod ior i te .  Adjacent t o  the  a l k a l i n e  

rock dikes, t he  g ranod io r i t e  has commonly been metasomatized w i t h  

i n c i p i e n t  development o f  aeg i r i ne  and r i ebeck i te .  Accessory minerals 

a re  ubiqui tous sphene, z i rcon,  and a p a t i t e ;  a l l a n i t e  i s  less common, 

and magneti te i s  ra re .  Tourmaline i s  common i n  the  form o f  t h i n  

v e i n l e t s  c u t t i n g  fe ldspar .  

D is t i ngu ish ing  c h a r a c t e r i s t i c s  o f  t he  g ranod io r i t e  a r e  the  l a rge  

cream-colored p lag ioc lase phenocrysts, r e l a t i v e l y  low quar tz  content, 

t he  occurrence o f  cl inopyroxene w i t h  hornblende and b i o t i t e ,  t he  almost 

t o t a l  lack  o f  magnetite, the  tourmaline ve in le ts ,  and the  l oca l  a l k a l i  

metasomatized rocks. 

The two chemical analyses reported i n  Table 1  are  of g ranod io r i t e  

i n  which l i t t l e  o r  no a l k a l i  metasomatism i s  apparent. They show the 

una l te red rock t o  be a  f a i r l y  maf ic - r ich  g ranod io r i t e  r e l a t i v e l y  low i n  

Si02 and h igh  i n  K20. Metasomatized rocks show lower Si02 bu t  

h igher a l k a l i e s .  



The monzonite-syenite u n i t  i s  very heterogeneous and co posed o f  t 
a v a r i e t y  o f  rocks i nc lud ing  obvious contaminated and hyb r id  phases. 

Rocks o f  t h i s  u n i t  a re  c h a r a c t e r i s t i c a l l y  p o r p h y r i t i c  w i t h  1 rge p ink  i 
t o  cream-colored K-feldspar phenocrysts (up t o  75 mm long) i a s imi  l a r  f 
colored medium-grained groundmass o f  fe ldspar;  l a rge  hornble de and f 
pyroxene phenocrysts a re  a l so  abundant. Trachyto id and gnei s i c  tex tures  t 
caused by alignment o f  K-feldspar phenocrysts and gra ins  a re  common. 

Essent ia l  minerals a re  p e r t h i t i c  K-feldspar and subordi a t e  I 
plag ioc lase (An30-45) ; quar tz  ranges from absent up t o  5 per ent .  

V a r i e t a l  maf ic  minerals a r e  dark green-brown hornblende and reen I 
clinopyroxene; b i o t i t e  i s  r a r e  except i n  hyb r id  phases and 

garnet i s  l o c a l l y  present i n  contaminated border phases. 

minerals a re  ub iqu i tous  sphene, a p a t i t e ,  and z i rcon,  spo rad iza l l y  

melan i te  

Aczessory 

Age o f  p lutons 

The p lutons o f  t he  southeast Seward Peninsula i n t rude  

probable Precambrian age and a r e  n o t  s t r a t i g r a p h i c a l l y  brackieted. 

K-Ar dates have been obtained from the p lu tons  i n  the  area, 

Darby p lu ton  has s u f f i c i e n t  da t i ng  been done t o  be r e l a t i v e l y  

o f  the  age. Two b i o t i t e  samples from the nor thern  p a r t  o f  

rocks of 

Although 

~ n l y  on the  

conf ident 

t i i S  p lu ton  

d i s t r i b u t e d  magnetite, and a l l a n i t e .  

D is t i ngu ish ing  c h a r a c t e r i s t i c s  o f  the  monzonite-syenite u n i t  a re  

the  h igh  K-feldspar and maf ic  mineral  content  and the  v a r i a t  

composition and tex ture .  The chemical analyses i n  Table 1 

general low Si02, h igh  K20 character  o f  the  rock as w e l l  as 

genera l ly  more maf ic  character  as ind ica ted by r e l a t i v e l y  hilgh 

Fe203, MgO and CaO contents. 

on i n  

slow the  

i t s  

FeO, 



y i e l d  ages o f  92.1+ - 2.8 and 94.0+ - 3 m.y. ( t ab le  2) and coexi! 

blende and b i o t i t e  from a sample from the  middle o f  the  plutc 

ages o f  92.8+ - 2.6 and 88.3+ - 1.5 m.y. respect ive ly .  These l a i  

al though not  q u i t e  w i t h i n  the  range o f  a n a l y t i c a l  e r r o r ,  togc 

two b i o t i t e  dates ind ica te ,  a Late Cretaceous age o f  88 t o  91 

the  p luton.  A p rev ious l y  reported hornblende date o f  81.4+ - : 
the  Darby p lu ton  (Mi 1 l e r  and others,  1972) appears t o  be i n  I 

t o  an i nco r rec t  K20 ana lys is .  

A date o f  79.8+ - 2.4 m.y. has been obtained on b i o t i t e  f 

Bendeleben p lu ton  and a date of 97.5+ - 3 m.y. has been obtain1 

hornblende from the  monzonite-syenite u n i t  o f  t he  Kachauik p 

( t a b l e  2) . These dates shoul d'only be regarded as p r e l  i m i  na 

support ing K-Ar age dataare  obtained; however, they a r e  s i m i  

reported on p lutons o f  s i m i l a r  composition elsewhere i n  west1 

( ~ i  1 l e r ,  1970a; Csejtey and others,  1971). Also, t h a t  p a r t  1 

Kachauik p lu ton  adjacent t o  the  Darby p l u t o n  i s  in t ruded by I 

s i m i l a r  i n  composition t o  the  Darby g r a n i t i c  rocks i n d i c a t i n l  

the  Kachauik rocks a re  o lde r .  

The absolute age o f  the g ranod io r i t e  u n i t  o f  the  Kachau 

i s  uncerta in.  Although an age o f  86.1+ - 3 m.y. has been rep0 

hornblende from t h i s  u n i t  ( M i  1 l e r  and others,  1972), a b i o t i  

from a nepheline syen i te  d i k e  i n t r u d i n g  t h i s  u n i t  has s ince 

a 93.9+ - 3 m.y. age. Add i t iona l  age da t ing  i s  c u r r e n t l y  be in  

on t h i s  u n i t  i n  an attempt t o  resolve t h i s  problem. K-Ar da 

o the r  a l k a l i n e  rocks i n  the  western Alaska a l k a l i n e  rock p ro  

i n c l u d i n g ' t h e  nearby Dry Canyon Creek s tock  ( f i g .  11, have y 

o f  105 t o  107 m.y. ( M i l l e r ,  1972). 
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The K-Ar ages on these th ree la rge  p lutons range from 8 m.y. t o  I 
98 m.y. suggesting emplacement i n  Cretaceous time. The Kach u i k  p lu ton  ai 
i s  s i m i l a r  i n  composition t o  a s u i t e  o f  p lutons i n  western Alaska t h a t  

has y ie lded  K-Ar ages o f  98 t o  110 m.y. ( ~ i l l e r ,  1972) and 

a v a i l a b l e  date of 98 m.y. from the Kachauik p lu ton  ind ica tes  

t o  t h i s  s u i t e .  A Late Cretaceous t ime o f  emplacement o f  a ro  nd 92 m.y. I 
f o r  the  Darby p lu ton  appears t o  be f a i r l y  w e l l  documented by the  four 

K-Ar ages obtained from the p lu ton.  Csejtey and others (1971) r e f e r  

t o  a 93 m.y. age f o r  a mineral ized g r a n i t i c  p lu ton  on S t .  

I s l and  and the  Kugruk p lu ton  ( ~ a i n s b u r y ,  1974) no r th  o f  the 

Mountains has l i kew ise  y ie lded  a 93 m.y. age (T. P. M i l l e r ,  

data).  The r e l a t i o n s h i p  o f  t he  Bendeleben p lu ton  t o  o the r  

rocks i s  uncer ta in  s ince on ly  a s i n g l e  date o f  80 m.y. i s  

A s u i t e  of c a l c - a l k a l i n e  g r a n i t i c  rocks has y ie lded  ages o f  

m.y. i n  the  Yukon-Koyukuk province t o  the  east,  ( ~ i l l e r ,  197Cb) 

date o f  75 m.y. has been reported on the  Brooks Mountain 

i n  the  western Seward Peninsula (Sainsbury, 1969a). 
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D i s t r i b u t i o n  o f  U and Th 

A n a l y t i c a l  Method 

Uranium, thorium, and potassium analyses o f  31 samples 

Darby, Bendeleben, and Kachauik p lu tons  a r e  tabulated i n  Tabme 

These analyses were done by gamma-ray spectrometry and the  

opera t iona l  procedures and c a l i b r a t i o n  techniques a r e  described 

Bunker and Bush (1966). 
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Uranium concentrat ions are  determined i n d i r e c t l y  by measuring 

the  radium daughters t o  ob ta in  radium equivalent  uranium ( ~ a  ) values. 

Radium equivalent  uranium i s  the  amount o f  uranium, under t h  assumption t 
of rad ioac t i ve  equ i l i b r i um,  required t o  support t he  amount o f  

products t h a t  emit t he  r a d i o a c t i v i t y  measured i n  a sample. 

the repor t  where "U" and "urani um" are  used "radi  um equ iva le r t  

i s  i m p l i c i t .  Although thorium i s  a l s o  measured from daughter 

d i s e q u i l i b r i u m  i s  improbable because o f  sho r t  h a l f - l i v e s ;  

the  concentrat ions are  considered t o  be a d i r e c t  measurement 

samples i s  too  small t o  d e f i n i t e l y  p inpo in t  any l o c a l  areas 

the  p l u t o n  w i t h  s i g n i f i c a n t l y  h igher  U and Th; however, 

04, and D5 j u s t  west o f  Vulcan Creek i n  the  nor thern  

daughter 

Throughout 

uranium" 

products, 

therefore, 

of parent 

thorium. Potassium i s  determined from i t s  K~~ content,  whic 

p o r t i o n a l  t o  the  t o t a l  potassium. The c o e f f i c i e n t s  o f  v a r i a  

the  accuracy of the  data included i n  t h i s  repo r t  ( t a b l e  3) a 

3 percent f o r  uranium and thorium and 1 percent f o r  potassiu 

i s  pro- 

i on  f o r  

e about 

when 

compared t o  standards analyzed by isotope d i l u t i o n  and flame 

meter methods. 

The Darby p l u t o n  has the  h ighest  U and Th content o f  the  

p lutons w i t h  an average o f  11.2 and 58.7 pprn respec t i ve l y  o r  

2 t o  3 times var ious reported averages ( ~ o d g e r s  and Adams, 

g r a n i t i c  rocks. The U and Th content appears t o  be h igh  over 

e n t i r e  80 km length o f  the  p luton;  samples D l  and Dl3 ( f i g .  

example, a re  about 75 km apart ,  y e t  show 7.92 pprn U and 55.15 

Th and 14.61 pprn U and 52.92 pprn Th respect ive ly .  The 

o f  h igh  values i s  a l s o  ind ica ted by the  range i n  U and Th wh 

6.18 t o  19.89 pprn f o r  U and 40.84 t o  83.75 pprn Th. The number 

photo- 
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i nc lude some of the h ighest  amounts o f  U and Th reported. I n t e r e s t i n g l y  

enough, t h i s  i s  the  same general area where West (1953) reported the  

occurrence of an u n i d e n t i f i e d  "uranium-t i tanium niobate" mineral i n  

pan concentrates. Heavy mineral f r a c t i o n s  (spec. g r .  >2.89) o f  a few 

of t he  pan concentrates contained as much as 5 t o  10 percent o f  a mineral 

t h a t  cons is ts  c h i e f l y  o f  Nb, U, T i ,  and Ca w i t h  t races o f  S i ,  Fe, and 

Th (west, 1953). The combination o f  these elements suggests t h a t  t h e  

mineral i s  a m u l t i p l e  ox ide mineral ,  such as euxeni te o r  samarskite. 

Euxenite-bearing g r a n i t i c  rocks a re  ra re  but  have been reported i n  the  

Idaho b a t h o l i t h  ( ~ a c k i n  and Schmidt, 1956) where they a re  the  source 

mate r ia l  f o r  U- and Th-bearing p lacer  deposi ts .  

With one exception the  analyzed samples from Bendeleben p lu ton  

conta in  approximately average U and Th contents w i t h  5 o f  the  6 analyzed 

samples showing a range o f  1.8 t o  4.4 ppm U w i t h  an average of 3.4 ppm 

and a range i n  Th o f  11.7 t o  21.4 ppm w i t h  an average o f  16.7 ppm. 

Sample 84 ( f i g .  1) conta ins much h igher  U and Th, 9.5 ppm and 50.8 ppm 

respect ive ly ,  which i s  s i m i l a r  t o  amounts encountered i n  the  Darby p luton;  

the  K content,  however, i s  s i m i l a r  t o  the  o the r  Bendeleben samples and less 

than any value o f  K reported f o r  the  Darby p lu ton.  The reason f o r  the  

h igh  U and Th content i n  sample 84 i s  no t  known. 

The g ranod io r i t e  and monzonite-syenite o f  the  Kachauik p lu ton  

show a considerable but  roughly s i m i l a r  range i n  U and Th content.  The 

Kachauik rocks genera l ly  have more U and Th than the  Bendeleben p lu ton  

but  less than the  Darby p lu ton.  The small number o f  analyzed samples 

makes genera l iza t ions  d i f f i c u l t ,  bu t  the  two samples o f  r e l a t i v e l y  f resh 

granod ior i te ,  K1 and K2, both have above average amounts o f  Th (36 and 

34 ppm) and K2 has above average U (12.5 P P ~ )  . The samples w i t h  lower 



quar tz  content and v i s i b l e  signs o f  K- and Na-metasomatism conta in  lesser  

amounts o f  U and Th. 

Var ia t i on  diagrams i n d i c a t i n g  the r e l a t i o n s h i p  between U, Th, and 

K a re  given i n  Figs. 4 and 5 and show t h a t  f o r  the  Bendeleben 

p lu ton  and fo r  the g ranod io r i t e  o f  the  Kachauik p luton,  Th genera l ly  

increases as K increases. Such an increase i s  common f o r  igneous rock 

se r ies  as Th and U genera l ly  increase as d i f f e r e n t i a t i o n  proceeds and 

the K content i n  s i l i c i c  rocks such as these serves as a, d i f f e r e n t i a t i o n  

index. For the  K- r ich  monzonite-syenite o f  the  Kachauik p luton,  however, 

the t rend i s  anomalous i n  t h a t  Th decreases as K increases. The range 

of K f o r  the  Darby p lu ton  i s  so small t h a t  no t rend r e l a t i v e  t o  Th i s  

d iscernable.  

I nd i v idua l  u n i t s  show l i t t l e  o r  no r e l a t i o n s h i p  between U and K 

but,  exc luding the  monzonite-syenite o f  the  Kachauik p luton,  the  p lutons 

as a whole show a general increase o f  U w i t h  respect t o  K. TheKachauik 

monzonite-syenite shows l i t t l e  v a r i a t i o n  o f  U w i t h  respect t o  K. 

The Darby p lu ton  has the  h ighest  U/K and Th/K r a t i o s  ( t a b l e  3) which 

i s  t o  be expected s ince i t  i s  composed o f  the  most s i l ic ic ,and presumably 

the  most h i g h l y  d i f f e r e n t i a t e d  rock o f  t he  th ree plutons,and U/K and Th/K 

charac ter i  s t  i c a l  l y  increase as rocks become more d i f f e r e n t i a t e d  K (Rodgers 

and Adams, 1969). A f a i r l y  good p o s i t i v e  c o r r e l a t i o n  e x i s t s  between U and 

Th i n  the Darby p lu ton  (fig. 5);  The U/Th r a t i o  i s  the  h ighest  of the  

th ree p lutons and r e l a t i v e l y  h i g h  f o r  g r a n i t i c  rocks i n  general. A 

s i m i l a r  r e l a t i o n s h i p  appears t o  e x i s t  f o r  the Kachauik monzonite-syenite 

whereas no c l e a r  t rend i s  apparent f o r  the  Kachauik g ranod io r i t e  o r  the  

  end el eben quar tz  monzon i te. 



Radiogenic heat produced by the  p l u t o n i c  rocks from the southeast 

Seward Peninsula has been ca lcu la ted ( t a b l e  3) from the U, Th, and K 

contents ( t a b l e  3) on the  basis o f  B i r c h ' s  estimates (1954) o f  heat 

generat ion (1 ppm Th = 0.20 ycal /g y r  [.micro c a l o r i e s  per gram per year);  

1 ppm U = 0.73 ycal /g y r ;  1 percent K =  0.27 ycal /g y r ) .  The Darby p lu ton,  

as i s  t o  be expected from i t s  h igh  U, Th, and K content has the  greates t  

heat product ion. The heat y i e l d  from t h i s  p lu ton  ranged from 16.0 t o  

32.4 pcal /g y r  and averages 21. This range i s  considerably above 

t y p i c a l  values reported f o r  g r a n i t i c  rocks from the  western U. S. by 

T i  1 1  i ng  and G o t t f r i e d  (1969). For example, the  Boulder bath01 i t h  has 

a reported average heat product ion o f  6.8 ucal/g y r ,  and the  southern 

C a l i f o r n i a  b a t h o l i t h  o f  2.7 pcal /g y r .  The Kachauik p lu ton  has a 

lower average heat product ion o f  about 10 pcal /g y r  and the  Bendeleben 

p l u t o n  has an average heat product ion o f  8.67 pcal /g y r  (6.7 vcal /g 

y r  excluding sample ~ 4 ) ,  which i s  more t y p i c a l  o f  g r a n i t i c  rocks. 

A l l  three p lu tons  conta in  common accessory minerals such as 

a l l a n i t e ,  sphene, and z i r con  t h a t  a re  t y p i c a l l y  host  minerals fo r  U 

and Th. West (1953) reported t h a t  t he  r a d i o a c t i v i t y  o f  t he  concentrates 

taken from streams d ra in ing  the  Kachauik and Darby p lutons was l a r g e l y  

due t o  these accessory minerals. The Darby p lu ton  has a much higher 

U and Th content than the  Bendeleben and Kachauik p lutons,  and a l l a n i t e  

i s  c e r t a i n l y  more abundant i n  the  Darby p lu ton  than i n  e i t h e r  of t he  

o ther  two p lutons.  A q u a n t i t a t i v e  spectrographic ana lys is  of a l l a n i t e  

from sample Dl0 showed 12,000 ppm Th. 

Assuming an average Th content  f o r  t he  remaining accessory minerals 

as we1 1 a.s the major minerals present,  a t o t a l  o f  0.4 t o  0.5 percent 

a1 l a n i  t e  would have t o  be present i n  order  t o  account f o r  the  67 ppm 



Th reported f o r  sample D10. Po in t  counts o f  the amount o f  a l l a n i t e  

i n  the  rock range from 0.15 t o  0.21 percent. Th is  est imate o f  t he  

amount of a l l a n i t e  may be too  low s ince accurate est imates o f  modal 

abundance o f  accessory minerals based on t h i n  sec t ion  study a re  d i f f i c u l t  

t o  ob ta in .  This would be p a r t i c u l a r l y  t r u e  i n  regard t o  the  coarse- 

grained Darby rocks. Other p o s s i b i l i t i e s  a re  t h a t  one o f  the  major 

minerals i n  the  rock contains much more Th than i s  t y p i c a l l y  the  case, 

o r  an as y e t  u n i d e n t i f i e d  U- and Th-bearing mineral i s  present. X-ray 

s tud ies  o f  heavy mineral concentrates from t h i s  sample do not  reveal 

any such minerals, however, nor has West (1953) reported any, o ther  

than the euxen i te - l i ke  mineral ,  i n  the pan concentrates. 

Discussion 

The present study has shown t h a t  the  Darby p lu ton  has w e l l  above 

average U and Th, the Kachauik p lu ton  va r ies  from average t o  s l i g h t l y  

above average, and the  Bendeleben p l u t o n  has on ly  average U and Th 

content.  The reason f o r  the v a r i a t i o n  i n  U and Th among plutons as 

c lose  together as these i s  not  r e a d i l y  apparent bu t  may be a r e f l e c t i o n  

of a d i f ference i n  U and Th content o f  the  p r e - g r a n i t i c  source rocks 

o f  the  th ree p lutons.  

I t  has been suggested, f o r  example, t h a t  the  decrease i n  the  U 

content and r a d i o a c t i v i t y  from east t o  west across the  S ie r ra  Nevada 

b a t h o l i t h ,  noted by Dodge (1972) and Wollenberg and Smith (1968) among 

others, r e f l e c t s  a regional  d i s t r i b u t i o n  o f  U and Th t h a t  predates the  

i n t r u s i o n  o f  the  g r a n i t i c  rocks ( ~ o l l e n b e r g  and Smith, 1968). I n  the  

southeastern Seward Peninsula, however, t he  same s i l l iman i te -bear ing  

high-grade metamorphic rock u n i t  occurs i n  the  country rock surrounding 

a l l  th ree p lutons.  The p lutons,  under ly ing  an aggregate area of over 



1200 sq kin, occur w i t h i n  a r e l a t i v e l y  small area of 7000 km2 and 

vary i n  composition from h igh ly  s i l i c i c  quartz monzonite t o  s u b s i l i c i c  

nepheline syeni te and i n  age from 105 m.y. t o  80 m.y. This close 

jux tapos i t i on  of p lu ton ic  rocks tha t  d i f f e r  considerably i n  major 

o r  minor element composition but cover a time in te rva l  o f  only 

25 m.y. and intrude the same country rock makes i t  u n l i k e l y  tha t  t h e i r  

composition resu l t s  from l a te ra l  va r i a t i on  i n  the p re -g ran i t i c  source 

rocks. A more l i k e l y  p o s s i b i l i t y  i s  a v e r t i c a l  va r i a t i on  i n  the com- 

pos i t i on  of the pre-gran i t ic  source rocks coupled w i t h  the formation 

of magma a t  d i f fe ren t  leve ls .  The h igh potassium,low s i l i c a ,  and 

general more mafic character o f  the Kachauik pluton, f o r  example, 

suggests tha t  the source mater ia l  f o r  the Kachauik pluton, be i t  

c rus ta l  mater ia l ,  deep-seated magma, o r  a combination o f  the two, 

was considerably d i f f e r e n t  from the other two plutons. The close 

associat ion i n  time and space o f  the large monzonite-syenite plutons 

(~achau i  k-type rocks) i n  western Alaska w i t h  a regional be1 t o f  

a l k a l i n e  s u b s i l i c i c  rocks has lead t o  the suggestion ( ~ i l l e r ,  1972) 

tha t  the composition o f  the former i s  due a t  least  p a r t l y  t o  deep- 

seated a l ka l i ne  magmas. 

The Darby and Bendeleben plutons a lso show some ind icat ions tha t  

t h e i r  respective magmas formed a t  d i f f e r e n t  levels.  The two plutons 

are r e l a t i v e l y  s im i l a r  i n  gross composition w i t h  the Darby p lu ton being 

s l i g h t l y  higher i n  K20 and Na20 and the Bendeleben s l i g h t l y  higher i n  

CaO and A1203 . Perhaps the most s i g n i f i c a n t  chemical dif ference 

between the two plutons, however, i s  i n  t h e i r  respective Fe203/Fe0 

ra t ios .  Although t h e i r  t o t a l  Fe content i s  about the same, the Darby 



p l  uton has an average Fe203/Fe0 r a t i o  of  1.08 compared wi t h  0.16 i n  

the Bendeleben pluton. Converting the Fe203/Fe0 r a t i o  t o  the molecular 

r a t i o  (2~e203 x loo ) /  ( 2 ~ e ~ 0 3  + F ~ O )  , termed the ox idat ion r a t i o  by 

Chinner (1960), gives some ins igh t  i n t o  the behavior o f  oxygen during 

magmatic processes. The ox idat ion r a t i o  appears t o  be dependent on 

the magnetite content and the Darby p lu ton contains much more magnetite 

than the Bendeleben pluton; t h i s  dependence i s  s im i l a r  t o  tha t  pointed 

out  by Dodge (1972) f o r  the S ier ra  Nevada bath01 i th. The average 

ox idat ion r a t i o  f o r  the Darby p lu ton i s  50 as compared t o  13 f o r  

the Bendeleben p lu ton which indicates tha t  the Darby p lu ton had a 

higher oxygen pressure and thus a higher degree o f  water saturat ion,  

although ne i ther  magma was probably water saturated. This d i f ference 

i n  water satura t ion o f  the magmas may be a r e f l e c t i o n  o f  the water 

content of the p re -g ran i t i c  source rocks. I f  more anhydrous rocks are  

t o  be expected a t  depth, f o r  example, then the Bendeleben magma was 

formed a t  depths greater than tha t  o f  the Darby magma. 

A lka l ine  rocks are  commonly host rocks f o r  U and Th deposits, and 

the western Alaska a l ka l i ne  province w i t h  i t s  associated large 

monzonite and syeni te plutons were included w i t h i n  a U-Th metal province 

which extends 300 km nor th  and east o f  the southeastern Seward Peninsula 

  lark and others, 1972). Uranothoriani t e  and gummi t e  were found 

associated w i t h  copper su l f ides,  molybdenite, gold, s i l v e r ,  bismuth 

and t h o r i t e  i n  p lacer deposits i n  the headwaters o f  the Peace River 

w i t h i n  t h i s  province ( ~ a u l t  and others, 1953). The streams i n  t h i s  

area d ra in  a mineral ized a l ka l i ne  stock ( ~ i  l l e r  and E l l i o t t ,  1969). U 

and Th analysis o f  selected p lu ton ic  rocks from plutons and a l ka l i ne  

complexes located w i t h i n  t h i s  U-Th province are as great as 31 ppm U 

and 179 ppm Th ( ~ i  1 1 e r  and Bunker, 1975) . 



The occurrence of above average amounts of  U and Th i n  the Darby 

p lu ton shows tha t  anomalous amounts o f  U and Th i n  t h i s  pa r t  o f  Alaska 

are not  necessari ly confined t o  a l k a l i n e  and kindred i n t r us i ve  rocks. 

The Darby p lu ton i s  s l i g h t l y  younger than the a l ka l i ne  rocks and i s  

much more s i l i c i c .  This close spa t ia l  associat ion of two d i f f e ren t  

rock types both w i t h  above average U and Th indicates tha t  the area 

i s  indeed a U-Th province and tha t  t h i s  pa r t  o f  the crust  i s  enriched 

i n  U and Th. 

Other occurrences o f  U and Th have been reported elsewhere i n  

the Seward Peninsula. Small stocks of pyroxene-bearing g r a n i t i c  rocks 

i n  the K ig lua ik  and western Bendeleben Mountains have been described 

by Sainsbury (1974) as being unusual l y  r i c h  i n  Th and containing 

abundant a 1 1 an i te. West and Wh i t e  (1 952) reported the occurrence 

o f  zeunerite, a secondary hydrous copper-uranium arsenate mineral, 

i n  a small g r a n i t i c  stock a t  Brooks Mountain i n  the western Seward 

Peninsula. Most o f  the zeunerite i s  disseminated i n  hematite which 

p a r t l y  f i l l s  openings i n  an oxid ized pegmatit ic phase o f  the in t rus ion.  

The primary source o f  the uranium i s  not  known. Moxham and West 

(1953) reported small amounts o f  rad ioact ive mater ia l  i n  Serpentine 

Hot Springs p lu ton o f  the northwest Seward Peninsula which r e s u l t  i n  

above average rad ioac t i v i t y .  Sainsbury and others (1970) s ta te  tha t  

the southeastern edge o f  the Serpentine Hot Springs p lu ton has the 

highest r ad ioac t i v i t y .  K i  1 leen and Ordway (1957) discussed a lode 

deposit contain ing uranium i n  the nearby Ear Mountain pluton. The 

primary uranium mineral was not i den t i f i ed  but a secondary mineral 

described as intermediate between metazeuneri t e  and metatorberni t e  



was found. The lode deposit was not considered t o  have economic po ten t ia l  

by K i l l een  and Ordway. Anomalous rad ioac t i v i t y  has been reported i n  

the Windy Creek stock ( f i g .  1) by Sainsbury (1974); the anomaly may be 

re la ted t o  a mineral ized zone on the west s ide o f  the stock o r  t o  

a lka l ine  s u b s i l i c i c  rocks known t o  occur i n  the pluton ( ~ i l l e r  and 

others, 1971). Whether these scattered occurrences o f  U and Th else- 

where i n  the Seward Peninsula means the U-Th province extends beyond 

the area out l ined i n  Clark and others (1972) i s  uncertain a t  present. 

The Darby pluton has a U and Th content s im i l a r  t o  that  o f  the 

Conway Granite o f  New Hampshire which has been c i t e d  as a low grade 

U-Th resource  dams and others, 1962) . I n  add i t ion t o  whatever 

po ten t ia l  the Darby pluton might have as a low-grade resource, however, 

i t s  h igh U and Th content plus the occurrence o f  the euxeni te- l ike 

mineral i n  the pan concentrates o f  some streams draining the north- 

eastern par t  o f  the pluton suggest the p o s s i b i l i t y  o f  local  concentrations 

of U and Th which could have more immediate economic potent ia l .  The 

Darby p 1 u t o n . i ~  therefore a favorable area f o r  fu tu re  exploration. 
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Table 1. Chemical compositions of the Darby, Bendeleben, and Kachaulk plutons. 
. . 

Darbv pluton Bendeleben pluton Kachauik pluton 
10 analyses 6 analyses Granodiorite gonzonite-syenite 

2 analyses 7 analyses &. Range Avg. Ran~e &. Ran= &. Range 

FeO 0.97 .60-1.7 1.9' ' 1.6-2.3 2.8 2.8 3.8 3.0-4.6 

4 0  0.53 

CaO 1.5 

Na20 3.55 

P2°5 0.10 

MnO 05 

c02 .02 

Fe203/FeO 1 -08 



Table 2. K-Ar* age dates o f  the Darby, Bendeleben, and Kachauik plutons. 

~ r : ! ~  . Calculated Age 
Percent (mi l l ions of F i e l d  No. Pluton Mineral X70 years) 

1 68AMm280 Bendeleben b i o t i t e  8.14 9.799~10"~ 0.82 79.b - 2.4 

2 68AMm285 Darby b i o t i t e  !:%2?8.94 1 .247xloU9 0.73 92.14- - 2.8 . 

3 71AMm415A Oarby b i o t i t e  8.96 1.275~10'~ 0.78 94-O+_ 3 

4 70A~m158B Darby 
.893 

hornb 1 ende -896 1 . 2 5 0 ~ 1 0 ' ~ ~  0.81 92.b - 2.6 

5 70AMm158B Darby b i o t i t e  ' 7.74 1.042x10-~ 0.93 88.3+ 1.5 
7.87 - 

6 70AMm150 Kachaui k hornblende :I ::$ls 2. 346x10-lo 0.89 97-5z 3 

Specimen locations 

(I) l a t . 6 p i 6 l ~ .  , long. 162'55IW. 

(2) lat.65°01 IN., long. 162'11 IW. 

(3) lat.64"57IN., long. 162'201W. 

(4) lat.64'45.2'~. , long. 162'25.2'W, 

(5) lat.64O45.2I~. , long. 162'25.2IW. 

(6) lat.64"34'N., long. 162°45'W. 

* Ages were caluculated using the f o l  lowing constants: K~~ decay constants: 

XE '= 0.585 x 10-lOyr-l, A @  = 4.72 x 1 0 - ~ ~ y r - ~ ;  abundance ra t io :  K~ ' /K  = 

1-19 x 1 0 ' ~  atom percent. Potassium analyses were done by L. Schlocker by 

flame photometry using a 1 i t h i  um internal  standard. Argon measurements us lng 

standard isotope d i l u t i o n  techniques were made by J. Von Essen on samples 1,2, 

and 6, by J. Von Essen and L. Alba on samples 3, and by J. Von Essen and S. J. 

Kover on samples 4 and 5.. 



I 4-1. Db aclW 

h l v s a  bv C . I .  W.r uJ C.A. H I 

- 

1 Tabla 3. Wlo.c t lv t tv  par-fan lor  s o r  southest Wd Ihnlnsrla platam. 
smpta I o c a r I ~ ~ s  shmn a I 1  ura 1 

mmiaieLn .,;tom 
I) 1~ naer 
.P D P  "1" 

u n 
Ic.r 4. FIaM l~o. t vca~/q vr G~Io" 'c"II)-' 

I 
j : 

. 
-9 6-07 lS.63 1.34 7.00 3. N I .P b.U 

nuclir 3. N 21.37 3. w 8.10 5.9 1.81 LU 

. 

03 7 e U N  6 - H  17.0 3-35 7-bh 4.ob 1 .)I 5.1 

M 7w-IO* 9.M 9.86 3.51 18.M S.% 2.F) I lU  

05 -8 1.0 16.)) 3.U 5-65 9.1 0 -9  4-@S 

I l w r i 7  ¶.a t1.0 ¶-¶I 4.b be%. 1.11 S a  

w- ~.YD(~.s)* ZZ.BS(I~.~~* ~.20(3.ab)* 0.6cr.n. 5.b(a.63)* s t .  b70.10 

w 1.82-9.M I!.@-50.N 2.21~3.)~ b.eI8.ob 3.Db-9.¶8 0 . 2 .  b.kl1b.W 

k* PI- 

81 6-l( 7.S SS-IS b.31 17.H &.% I.@ 12.0 

02 7lmL0) 10.4 51.9 3.Y 18.9 S-05 2-67 IS-SI 

03 I O N 1 2  I%@ 83.75 4.08 P. 37 . b.21 b.88 -Sl 

M 7 1 m 1  17.n .aa& 3.73 27.71 l.m b.n 18.4 

W 7wclYI I0.Y a -6s  3.R ¶ I  40 6.H 8.78 IhY 
06 )ouc.l6W 13-10 9.Z 4-89 2l.W 3-76 . 3-22 11.11 

07 -1- 8.81 Us77 4.9 l h b l  S.SI 1.9. 8.-* 

08 -161 6-88 5b.b 4-99 16.67 8.88 t.bI ILP 

0 )  IOH~W 7.02 S5.16 4-ZJ 17.30 . 7-86 I .U )Lob 

010 -146 I1.7I a.58 b.11 t).n 5-69 t.6 I6-m. 
811 -145 8-13 8.58 6.m 20.88 8.r) r.07 17-06 

BIZ -10 9.s W.N 3.1) t6.m r . ~  Z.L Y.H 

I "3 7m-a~ tb.61 5z.u . 3.n m.31 3.61 3.n ILP 

r*r. 11.2 58.7 b.08 21 .8 5.t 2 . ~  I I Y  - c.lel9.0 u.&-83.75 3.n-6.s IL.OS-P.J~ t.e-0.n r .u-6.n ~ e a b n . ~  

llrchlvtk rlrtol, 

Cnndlalw 

11 71-Y 4.86 I .07 3 - Z  48-78 7.U W ¶.Zb 

u 71-M 12.6 ti.u s.71 16.1 r.n LY 9.4 

C3 7 l M b S  4.U l0.U b.17 6.U ¶.U I a* L% 

d 7MlhlfD 6.10 13.9 2.0 1-93 8-23 2.16 4.6 

9 IONS b-33 11.61 1.03 1-10 b.30 1.b) L IS 

h. 6. b 23.b 4-15 I C l 7  s e e  1.86 6.47 

Iln). 4.33-12.6 IO.KS.07 2.82-U7 &U-16.95 2.2&7.U 1.063.36 2 .W.b  

)IA.OLI te-a*lI. 

rl 7 l M Y  3-58 l8.* S.H 7.U 5.M 8-67 L %  

u t w c t t s  S.Y n.n b . ~  1t.01 S.% 1.1 L L ~  

r( IWc.14) 3 -Y  I7.U S-0. 8.00 b.b6 8.U Lnr 
9 7 I w l o 2  8.d 22.66 4.d I2.t) ¶.A 1-81 b.Lb 

110 IOiWIbI 5.14 28-58 S.SI 9. 36 4.a 8.¶J &I, 

11 I t o m ~ s l  1.9) 11.s 1.n s.61 s.n 8.27 I.SS 

11 2 lorruq 8.U 99. IS S.71 1S.U 6-Sb I.Sl &.(I 

r*r. 1.1 21.9 5.25 9.s 6-SS . I .O¶ 4.W - 1.97-8.7b 11.26-9.1s b.31-7-35 s.67-IS.U 2.sw.n e .a~ t .9~  I.SH.~ 
I 



A L A S K A  

Figure 1. Index map of Alaska showing 
area of report 

Detailed map of area shown on 
following page ( ~ i g u r e  1. continued) 
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Fi.gure 4. U and Th content of Darby, Bendeleben, and Kachauik plutonic rocks 

p lot ted  against K. 




