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by 
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In t roduct ion  

A reconnaissance study of  background r a d i o a c t i v i t y  and uranium and 
thorium content  of seven ea r ly  and middle T e r t i a r y  g r a n i t i c  plutons i n  
t h e  southern Alaska Range ( ~ c G r a t h  and Lime H i l l s  1 :250,000 quadrangles,  
fig. 1) was conducted i n  1979. Modal analyses ,  chemical da ta ,  a br ief  
petrographic descr ip t ion ,  and a discussion o f  t h e  r a d i o a c t i v i t y  and 
uranium-thorium content  of some of t h e  plutons sampled a r e  given i n  t h i s  
repor t .  Two a reas  of anomalous uranium concentrat ion and a uranium- 
and thorium-rich pe ra lka l ine  g r a n i t e  suggest t he  p o s s i b i l i t y  of dissem- 
ina t ed  uranium depos i t s  or  hydro the rml  uranium enrichment. 

Windy Fork Pluton 

The elongate Windy Fork p lu ton  unde r l i e s  an area about 55 km2 
(figs. 1 and 2)  and is composed c h i e f l y  of  hornblende pe ra lka l ine  
g r a n i t e  with l e s s e r  amounts of hornblende-biotite gran i te .  B i o t i t e  
and hornblende from two samples of t h e  pluton y i e l d  potassium-argon 
ages o f  30.1 and 29.0 m. y. r e spec t ive ly  ( ~ e e d  and Lanphere, 1973) .4 
pyroxene a lka l i - f e ld spa r  syen i t e  and hornblende-biot i te  g r a n i t e  (sam- 
p l e s  11 and 12,  f ig .  1) from an i n t r u s i v e  complex northwest of t h e  
Windy Fork gluton my belong t o  t h e  same p lu tonic  event. Both plutons 
l i e  northwest of t h e  Alaska-Aleutian Range b a t h o l i t h ,  a r e  post- tectonic  
and in t rude  a t e r r a n e  consisting of sandstone, p h y l l i t e ,  and l inestone 
of probable Paleozoic age- 

Modal analyses f o r  t h e  t e n  samples co l l ec t ed  are  given i n  t a b l e  1 
and shown on t h e  modal diagram i n  f i g u r e  3. Uranium and thorium analy- 
s e s  a r e  given i n  t a b l e  2. Seven of t h e  ten samples are hornblende 
g r a n i t e  and p l o t  i n  t h e  a lka l i - f e ld spa r  g r a n i t e  f i e l d .  m e  remaining 
t h r e e  samples conta in  7 t o  16 volume 3ercent  a l b i t e ,  nore yellow-brown 
b i o t i t e  t h a n  hornblende, and p l o t  i n  t h e  g r a n i t e  field. The age and 
contac t  r e l a t i o n s  of t h e  two rock types a r e  not known. 

The hornblende g r a n i t e  is  medium-grained m i d i o m o r p h i c  granular  
wi th  sub- t o  euhedral  c r y s t a l s  of 2 e r t h i t e  t h a t  l i e  i n  a s e r i a t e  a t r i x  
of  grey quartz .  T e r t h i t e  l o c a l b  d isp lays  s c h i l l e r  e f f e c t s .  Alb i te ,  
as d i s c r e t e  finely albite-twinned c r y s t a l s ,  makes up l e s s  t h a n  3 percent 
of  t h e  rock, and fe r romgnes ian  a i n e r a l s  coapr i se  about 7 percent.  
Soda- and i ron-r ich hornblende i s  o p t i c a l l y  negative, has a 2 V  l e s s  
than  3 0 ° ,  and d isp lays  var ied  pleochroism: X i s  generallj .  dark blue 
t o  black, Y i s  bluish-grey t o  greenish-brown, and Z ranges from pa le  



yellow t o  yellowish-brown. . a n o r  amounts of reddish-brown b i o t i t e  are 
genera l ly  present .  Opaque minerals c l u s t e r  near o r  wi th in  hornblende. 
I n t e r s t i t i a l  pale v i o l e t  f l u o r i t e  i s  t h e  ,mst abundant accessory 
mineral and is  commonly observed i n  hand specimen. Other accessory 
non-opaque minerals include ubiqui tous non-metamict z i rcon and l e s s e r  
a m u n t s  of  a p a t i t e ,  i n t e r s t i t i a l  c a l c i t e ,  and r a r e  a l l a n i t e .  Eud ia l i t e ,  
a zirconium- and rare-earth-bearing s i l i c a t e ,  that is  commonly found 
i n  s i l ica-under-saturated rocks, i s  an abundant mineral i n  quartz-  
amphibole-K-feldspar p e g m t i t e  veins  t h a t  cu t  t he  g r a n i t e  and adjacent  
sedimentary rocks near t h e  nor th  end of  t h e  pluton. The sample from a 
eudialyte-bearing dike (no. LA, t a b l e  3 )  conta ins  33 ppm uranium. 

The average and range of t e n  chemical analyses  c o l l e c t e d  ( t a b l e  4) 
i l l u s t r a t e  t h e  a l k a l i n e  cha rac t e r  of t h e  pluton. Five of t he  seven 
hornblende g r a n i t e  sanples  a r e  pe ra lka l ine  g r a n i t e s ,  t h a t  i s ,  they  have 
a pe ra lka l ine  index (mol. amts. K2O+Na20/Al2O3) 1 1 and a r e  acmite 
normative. The f luo r ine  content  of the  samples averages about 0.22 
percent  ( t a b l e  2 ) .  

Background r a d i o a c t i v i t y ,  determined by a hand-held s c i n t i l l o m e l e r ,  
of t h e  hornblende g r a n i t e  averages about 300 cps (counts  per  second) 
wi th  a range from 225 t o  375 cps. The average uranium content  of t h e  
t e n  background samples co l l ec t ed  i s  9.2 ppm; t h e  range i s  5.63 t o  12.1 
ppm. Thorium averages 33.6 ppm and has a renge of 22.9 t o  45.1 ppm 
( t a b l e  2 ) .  The average Th/U r a t i o  f o r  t h e  samples i s  3.71. 

Rogers and Adams (1969)  give an average uraniuu content of 4 ppm 
f o r  g r a n i t e s  world-wide, which i s  considerably below t h e  9 pgm average 
uranium content  of t h e  Windy Fork pluton. Many g r a n i t i c  bodies,  how- 
ever ,  contain an average uranium content  of  LO ppm o r  more (Nish iaor i  
and o t h e r s ,  1977),  and these  a r e  c o m n l y  a l k a l i n e  o r  a l k a l i - r i c h  
v a r i e t i e s .  The average uranium content  f o r  t h e  Windy Fork p lu ton ,  
t he re fo re ,  while high f o r  g r a n i t e s  i n  general ,  i s  not neces sa r i l y  
unusual f o r  a pe ra lka l ine  grani te .  

An area of above-average r a d i o a c t i v i t y  was noted while  flying over 
t a l u s  boulders i n  a 300 rn wide c i rque  near the  northern border of t h e  
pluton ( l o c a l i t y  3,  f i g .  2 On-the-ground t o t a l  r a d i 0 a c t i v i . t ~  of 
over 500 cps w a s  measured with as much as 2500 cps recorded l o c a l l y  on 
ind iv idua l  boulders. The uranium content  of f ive  anomlousljr  radioac- 
t i v e  grab samples ( 3 4 ,  3C-F, t a b l e  3)  of pe ra lka l ine  g r a n i t e  from t h i s  
a r e a  averages 25.5 ppm with a range of 19.9-29.1 ppm. The average 
thorium content  i s  295 ppm, with a range from 169-404 ppm; t h i s  com- 
pares  t o  a range of 10-20 ppm Th f o r  most g r a n i t e s  ( ~ o d ~ e r s  and Adams, 
1969). Uranium and thorium content of a t y p i c a l  sample from t h i s  
a r e a  a r e  12.1 and 45.1 r e spec t ive ly  (no. 3 ,  t a b l e  2 )  The anomalously 
radiogenic samples show about a three-fold increase  i n  u ran ium and an 
e igh t fo ld  increase  i n  thorium over the  t en  background samples ( t a b l e  
2 )  f o r  t h e  Yindy Fork ~ l u t o n .  In  add i t i on ,  t he  average T ~ / U  r a t i o  i s  
1 1 . 4 ,  o r  about t h r e e  t imes that of t he  background samples. 

The radiogenic s a q l e s  show no apparent negascopic d i f f e r ence  
i n  composition o r  t ex tu re  compared t o  pe ra lka l ine  g r a n i t e  e lsevhere 



i n  the  pluton. I n  t h i n  sec t ion ,  t h e  m f i c  minerals appear t o  be more 
a l t e r e d  wi th  development of deu te r i c  b i o t i t e  and muscovite. It i s  
assumed from t h i n  sec t ion  study t h a t  t h e  uranium and thorium i n  these  
rocks and i n  t h e  Windy Fork pluton i n  genera l  is  r e l a t e d  t o  t h e  acces- 
sory  mineralogy. In add i t i on  t o  f l u o r i t e ,  o the r  ubiqui tous accessory 
minerals i n  t h e  rad ioac t ive  samples a r e  ziscon and opaque minerals. 
Point  counts were t h e r e f o r e  made on t h i n  sec t ions  (2000 po in t s  counted 
i n  each t h i n  s e c t i o n )  t o  determine i f  t h e  abundance of zircon o r  opaque 
minerals i n  t h i s  mre radiogenic p a r t  of t he  pluton d i f f e red  from 
t h e  r e s t  o f  t h e  body. No obvious c o r r e l a t i o n  e x i s t s  between t h e  abund- 
ance of zircon o r  opaque minerals and t h e  uranium content  ( f i g .  41, 
with t h e  poss ib l e  exception of sample 3B (not  shown on fig, 4) which 
conta ins  5.5 percent  zircon. The l imi t ed  da ta  suggests that t h e  higher 
uranium content  of t he  rad ioac t ive  samples i s  not due t o  an increase  
i n  z i rcon ,  nor  i s  t h e  wide range (0.5 t o  4.95 volume percent )  i n  t h e  
opaque mineral content  of  t h e  rad ioac t ive  samples convincingly r e l a t e d  
t o  t h e i r  uranium content.  

The increased uranium and thorium content  i n  t h e  more radiogenic 
samples appears due t o  s c a t t e r e d  subhedral t o  euhedral  c r y s t a l s  of  a 
yellow-green, i s o t r o p i c  (metamic-t?) mineral p resent  i n  all th in-sec t ions  
of t h e  rad ioac t ive  samples. I ron-stained r a d i a t i o n (  ? ) f r a c t u r e s  extend 
a m y  from t h e  mineral. The mineral was found only i n  t h e  rad ioac t ive  
rocks and not i n  t h i n  s ec t ions  from the  remainder of  t he  pluton. The 
high Th/U r a t i o  (11.4) of  t h e  radiogenic rocks toge ther  with t h e  optical 
c h a r a c t e r i s t i c s  of  t h e  unknown mineral suggest t h a t  it m y  be uranotho- 
r i t e  o r  t ho r i an i t e .  

The s t ronges t  r a d i o a c t i v i t y  (2500 cps) was noted along an iron- 
s t a ined  fe ldspar - r ich  face of a l a r g e  t a l u s  block. An ana lys i s  of 
t h i s  ma te r i a l  (sample 3B, table 3)  y i e lded  490 ppm uranium and less 
than 150 ppm thorium. A t h i n  s ec t ion  of t h e  granite taken perpendi- 
c u l a r  t o  t h i s  face  shows an abundance (5.5 percent )  of l a r g e  euhedral 
z i rcon c r y s t a l s  and a t  l e a s t  t e n  g ra ins  of t h e  aforementioned yellow- 
green mineral. The high uranium content  and corresponding l o w  T h / U  
r a t i o ,  however, suggest t h a t  a t  l e a s t  some uranium has Seen mobilized 
and redeposi ted along j o i n t  surfaces.  It is  poss ib le  that deuter ic  
a l t e r a t i o n  re leased  uranium from uranium-bearing accessory minerals 
such as uranothor i te (  ? ) , t h o r i a n i t e (  ? ) o r  zircon. 

It i s  apparent t h a t  t h e  pe ra lka l ine  g r a n i t e  here d i f f e r s  from 
t h e  r e s t  of t h e  pluton examined i n  t h e  following ways: (1) uranium 
and thorium have both been enriched,  a t  l e a s t  l o c a l l y ;  ( 2 )  t ho r ium has 
been considerably more enriched than uranium; and ( 3 )  uranium has Seen 
mobilized and redeposi ted along j o i n t  surfaces.  The reason f o r  t h e  
anomlous  concentrat ion of wanium and p a r t i c u l a r l y  t h o r i u m  ( >  10 
t i n e s  t h e  normal Th content of g r a n i t e s )  i n  t h i s  p a r t  of t he  pluton 
i s  xnknom pending more de t a i l ed  z p p i n g .  

Uraniferous pe ra lka l ine  g r a n i t e ,  hematite i r an - s t a in ing ,  p u q l e  
fluorite (noted i n  f l o a t  ~f f l uo r i t e - r i ch  skarn i n  t h e  cirque) and a 
post- tectonic  s e t t i n g  i s  a common as soc ia t ion  i n  y l u t o n i c  rocks con- 
t a i n i n g  e i t h e r  disseminated o r  hydro the rml  uranium depos i t s  ( ~ o d ~ e r s  



and o the r s ,  1978). The occurrance of an apparent primary uranium- and 
thorium-bearing mineral (u rano tho r i t e? )  and a t  l e a s t  some uranium 
enrichment near t h e  northern m r g i n  of t h e  pluton suggests t h a t  uranium 
depos i t s  of e i t h e r  a disseminated o r  a hydro the rml  cha rac t e r ,  poss ib ly  
s i m i l a r  t o  those  a t  t h e  Bokan Mountain a l k a l i n e  stock i n  southeastern 
Alaska (Mac~eve t t ,  1963) ,  could occur i n  t h e  Windy Fork pluton. 

Styx River pluton 

B i o t i t e  g r a n i t e  forms t h e  northern p a r t  of t h e  Styx Biver b a t h o l i t h  
( ~ e e d  and E l l i o t t ,  19701, p a r t  of t he  Merrill Pass sequence, which, i n  
t h i s  a r ea ,  was emplaced between 34 and 37 m.y. ago (Reed and Lanphere, 
1973). A t  l o c a l i t y  25 ( f i g .  1) 3 krn southeast  of Jimrqy Lake, t h e  
rocks a r e  s t rongly  f r ac tu red ,  l i g h t  brownish+range, medium-grained 
a lka l i - f e ld spa r  g r a n i t e  porphyry. Up t o  20 percent  ovoid quartz  
phenocrysts 0.5 t o  1.5 c m  ac ros s  and anhedral p e r t h i t e  phenocrysts up 
t o  2 cm i n  diameter l i e  i n  a  s e r i a t e  m t r i x  of quartz  and pe r th i t e .  
P e r t h i t e  shows patchy s e r i c i t i z a t i o n  and b i o t i t e  i s  a l t e r e d  t o  opaque 
minerals ,  c h l o r i t e ,  and s e r i c i t e .  Purple f l u o r i t e ,  an abundant acces- 
sory  mineral,  occurs both as i n t e r s t i t i a l  f i l l i n g s  and as a deu te r i c  
replacement of quartz  and p e r t h i t e .  Minor zircon i s  present .  

A r ep re sen ta t ive  sample of t h e  g r a n i t e  a t  t h i s  l oca t ion ,  conta ins  
3.35 percent  f l uo r ine ,  14.8 ppm uranium, 38.3 ppm thorium, and has a 
Th/U r a t i o  of  2.6 (no. 25 ,  t a b l e  2 ) .  High r a d i o a c t i v i t y ,  up t o  2000 
cps ,  was noted along N. 40" W.  t rending  v e r t i c a l  j o i n t s  i n  g r a n i t e  
exposed along a creek. This i s  i n  con t r a s t  t o  background r a d i o a c t i v i t y  
o f  about 450 cps. Analysis of t h ree  grab samples (samples 25A-C, t a b l e  
3) of g r a n i t e  with the radiogenic i ron-stained j o i n t  sur faces  show a 
s t rong  enrichment i n  uranium (101-882 ppm),  although no secondary uran- 
ium minerals vere  noted. Galena, a rsenopyr i te  and s p h a l e r i t e  ( ? )  yere  
a l s o  noted along J o i n t  surfaces. 

Jimmy Lake stock 

Two f l o a t  samples (nos. 23 and 24, t a b l e  2 )  a r e  representa t ive  of  
b i o t i t e  g r a n i t e  p r p h y r y  from t h e  Jim Lake stock ( f i g .  1). This 
stock i s  bel ieved t o  be a s a t e l l i t e  o f  t h e  M e r r i l l  Pass sequence. 
Sample 24 i s  a medium- t o  fine-grained g r a n i t e  porphyry t h a t  conta ins  
phenocrysts of smokey grey quar tz  (wi th  abundant f l u i d  inc lus ions )  and 
of  i r r e g u l a r  p e r t h i t e  c l o t s  i n  a  fine-grained mosaic of qua r t z ,  seri- 
c i t i z e d  o l igoc la se ,  and i n t e r s t i t i a l  p e r t h i t e .  B i o t i t e ,  which makes 
up about 10  percent  of t h e  rock, i s  charac te r ized  by m n y  small opaque 
pleochroic  haloes.  The nuc le i  of some haloes appear t o  be s t rong ly  
netamict zircon. Accessory a i n e r a l s  include i n t e r s t i t i a l  and  deu t r i c  
f l u o r i t e  and r a r e  a l l a n i t e .  Th i s  sanple conta ins  35.4 ppn 3 and 42.3 
ppm Th. The low Th/U r a t i o  of 1.20 suggests  uranium enrichment i n  a t  
l e a s t  this sample. Background r a d i o a c t i v i t y  of g r a n i t e  talus i s  350 
t o  LOO cps.  



Granite  of Tired Pup and Northeast Prong 

There i s  l i t t l e  megascopic d i f fe rence  between t h e  g r a n i t e s  o f  
Ti red  Pup and northeast  prong ( f i g .  1, t a b l e  1). Rocks from both 
p lu tons  a r e  b i o t i t e  g r a n i t e  and p l o t  i n  t h e  g r a n i t e  f i e l d  ( f i g .  3) .  
B i o t i t e  g r a n i t e  i n  t he  nor theas t  prong y i e l d s  concordant b i o t i t e -  
hornblende ages of about 26 m.y. - about 30 m.y. younger than t h e  
g r a n i t e  of Tired Pup ( ~ e e d  and Lanphere, 1973). I n  addi t ion ,  t h e r e  
a r e  d i f f e r ences  i n  t h e  chemistry and accessory mineralogy of  t h e  
plutons.  Grani te  i n  t he  nor theas t  prong conta ins  about 75 percent  
SiO2, whereas t he  g r a n i t e  of Tired Pup conta ins  about 72 percent.  
Sparse muscovite is  present  i n  t h e  g r a n i t e  of Tired Pup. Greenish- 
brown b i o t i t e  occurs i n  t h e  northeast  prong with rare hornblende. 
B io t i t e  i n  t h e  Tired Pup pluton is  c h a r a c t e r i s t i c a l l y  reddish brown. 
Accessory minerals i n  both g r a n i t e s  a r e  f l u o r i t e ,  s l i g h t l y  metamict 
z i rcon ,  a p a t i t e ,  and a l l a n i t a .  A s i n g l e  g ra in  of an opaque mineral,  
cubic  i n  o u t l i n e  and csusing in t ense  pleochroic haloes i n  adjacent  
b i o t i t e ,  i s  present  i n  one t h i n  sec t ion  (sample 13) from t h e  nor theas t  
prong; it may be uranothoriani te .  

Two samples of g r a n i t e  from t h e  nor theas t  prong average 10.9 ppm 
uranium and 35.1 ppm thorium - about twice t h e  average uranium (5.65 
ppm) and thorium (21.4) conten ts  of seven samples from the  g r a n i t e  of 
Tired Pup ( t a b l e  2 ) .  Sackground r a d i o a c t i v i t y  of  t he  nor theas t  prong 
averages about 350 cps. Background r a d i o a c t i v i t y  of t h e  g r a n i t e  of 
Tired Pup ranges between 150 and 350 cps and averages about 240 cps. 

Summary 

Limited da ta  suggest t h a t  t h e  ~tranium and thorium contents  of 
middle T e r t i a r y  g r a n i t e s  i n  t h e  northern p a r t  of t h e  southern Alaska 
h n g e  a r e  about twice those of a nearby e a r l y  Te r t i a ry  g ran i t e .  'The 
average uranium content  of 17  g r a n i t e  samples from four  middle T e r t i a r y  
p lu tons  (windy Fork, Styx Xiver, J immy Lake s tock and nor theas t  prong) 
i s  11.9 ppm wi th  a  range of 5.6 t o  35. 4 pprn; thorium averages 35.9 ppm 
with a range o f  22.9 t o  45.8 ppm. The average Th/U r a t i o  f o r  t hese  
samples i s  3.35 wi th  a range of  1.2 t o  4.3. Background r a d i o a c t i v i t y  
f o r  t hese  plutons ranges betveen 300 and 450 cps. The average uranium 
content  of t h e  s i n g l e  e a r l y  T e r t i a r y  g r a n i t e  sampled  ired Pup ~ l u t o n )  
i s  5.65 ppm w i t h  a range of  3.0 t o  9.0 ppm; t h o r i u m  averages 21.4 pprn 
wi th  a range of 12.3 t o  36.0 ppm, and t h e  T ~ / u  r a t i o  average i s  3.8 
with a range of  2.9 t o  4.6. 2ackground r a d i o a c t i v i t y  ranges between 
150 and 350 cps and averages about 250 cps. 

Higher than average contents  of uranium and thorium and low Th/V 
r a t i o s  i n  some samples from the  pera lka l ine  Windy Fork pluton and the  
northern part of t h e  Styx 3 iver  pluton suggest t h e  9 o s s i b i l i t y  o f  
disseminated uranium depos i t s  o r  hydrothermal uranium enrichment i n  
t hese  plutons. The Windy Fork pluton i s  p a r t i c u l a r l y  i n t e r e s t i n g  
because t h e  combination of pe ra lka l ine  rocks, high nranium background, 
f l u o r i t e ,  and i nd ica t ions  o f  remobilized uranium are considered favor-  
a b l e  c r i t e r i a  f o r  g r a n i t e  with assoc ia ted  uranilm deposits.  e a r ly  
Te r t i a ry  post- tectonic  ge ra lka l ine  g r a n i t e  about 10 h i n  diaineter 



unde r l i e s  Telaquana Mountain 130 Irm south of t he  Windy Fork p lu ton  
(B. L. Reed and M. A. Lanphere, unpublished d a t a ) ,  a n d  o the r  pe ra l -  
k a l i n e  plu tons ,  possibly uran i fe rous ,  may be presen t  in this p a r t  of 
t h e  southern Alaska Range. 
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TAULE 1. Modal a n a l y s e s  (volume p e r c e n t )  o f  g r a n i t i c  rocks ,  sou thern  Alaska Range ( s a m p l e  
l o c a t i o n s  are shown i n  figures 1 & 2,  modal a n a l y s e s  from s t a i n e d  rock s l a b s .  

k f i c  and  
Sample opaque 
no. F i e l d  no. Q u a r t z  A l k a l i  f e l d s p a r  P l a g i o c l a s e  m i n e r a l s  Unknown Uni t  

Windy Fork 
1  i i f  

I 1  I 1  

II II  

I t  I f  

i f  I 1  

t l  t  t  

11 t  1  

i t  I t  

11 t l  

p l u t  on 
t  I 

11 

I t  

1  t  

1  t  

t  I 

I 1  

I4  

11 

Northeast  prong 
t  1  t  t  

G r a n i t e  of T i red  Pup 
I t  1 t  11 I 1  

I 1  I #  I t  I f  

t  I II I t  t l  

II II I t  I t  

11 II I t  II 

11 11 I 1  I 1  

Jimy Lake s t o c k  
t l  t  t  I t  

S t y x  River p l u t o n  
I 1  t I  II 



TULZ 2. J r a n i u .  thorium, Q u o r i n e  and c h l o r i n e  con ten t  ~f g r a ~ i t l c  rocks, soutkern Xlaska k n g e  ( s a ~ l e  l oca t ions  are shorn 
i n  f-cs 1 and 2; modal analyses a r e  given In  t a b l e  1). 

Saxplo P i e i d  Ll Th F C 1  
no. so. ' & a d r w l e  taritude Longitude ( m m )  Y"YU (ppm) C ' T ~  l%/U ( p e r c e n t )  L i t h o l o q  

Windy Fork gluton 

1 79AKj2 , kCrs th  A-3 62'03'33" 15b'06'29" 9.7 2 3h.2 6 3 .53  .26 .O29 hornblende g r a n i t e  

2 79aR37 :kGre.thA-3 62'02'29" 154'08'08" 10.6 2 36.1 5 3.bl -21 .055 blot i te-hornblende 
g r a n i t e  

3 7 9 ~ ~ 3 3  ~ c ~ r a t h  A-3 62'02'30" 154'33'56" 12.1 ? 45.1 5 3.74 .29 ,321 hornblende &-mite 
4 79~R36 McCrath A-3 62'02'00" 154'01'32" 3.76 2 30.4 6 3.39 -27 ,337 aornblende g r a n i t e  

j 7 9 i W  WCrsth  d-3 62'01'32" 15h'34'01" 10.3 2 38.7 5 3.7a .24 .027 hornblende i f m i t e  

6 79AR2 >kCrath A-3 52*0 lV34 '  154'011'01" 3.q 2 36.2 u h.32 .23 .031 hornblende g r a n i t e  

7 79AR5 !kCrath A-3 62'00'iiO" 15h.03'45" 6.79 2 28.5 5 4.20 ,211 .076 hornblcnde-biot i te  
p ran i  t c 

3 79AR34 L i m e  Hills 61'59'56" 154'36'47" 10.7 2 33.7 6 3.15 .L2 .Oh7 b i o t i t e  g r a n i t e  

D-3 x n n i t a  
:O 79aR35 ~ i m  Hi1;s 61'57'15" 154'05'31" 5.63 3 22.9 1, 4.08 .16 .049 mrnblende g r a n i t e  

0-2 

11 7 9 ~ ~ 6  ,&-reth 1-3 62*03'59" 15h'21'16" 3.02 3 3.74 2-89 -37 .008 9yroxene a l k a l i -  
feldspar syenite 

12 79AR7 :.kC=th h-3 62'35'09" :54'201h3" 12.9 2 41.6 5 3.22 .a9 .a58 hornblende-biot i te  
d r a n i t e  

3-2 
1L 79LQ9 L d 9 i 1 1 s  61'5h113" 153'45'34'' 11.: 2 32.4 6 2.32 . i 2  .016 b i o t i t e  g r a n i t e  

3-3 

Gran i t e  of T i r ed  Pup 

15 7gAA28 : ~ n c  X i l l s  61'41r153" Z54'11'0k" 3.42 3 13.4 3 3.93 -08 .014 b i o t i t e  s r a o i t e  
:.A 

16 79AR27 L-Bi113 61'37'1Y1' 154'14'52'' 6.55 2 25.9 5 3.96 .1L ,008 b i o t i t e  g r a n i t e  
C A  

17 7 9 ~ ~ 2 6  i j m e 3 i 1 1 s  61*3412411 154'i6'18" 6.36 2 21.6 6 3.39 .IS *007 b i o t i t e  granite 
3 A 

18 7 9 m 5  ; b 3 i 1 1 s  61'31'48" 154'13'$3" 9.05 2 36.0 5 3.97 .:6 ,005 b i o t i t e  p a n i t s  
C - L  

19 79.ZEt23 LimeXi l l a  61*3LT3h" 154'00'29" 3.03 u 13.3 7 L.57 .05 .010 b i o t i t e  g r a n i t e  
c-3 

20 '9~x211 ;h 9111s 51*26'h0" ;54'15'06" 6-88 z 26.7 6 3.39 .15 .004 b i o t i t e  y r a n ~ t e  
3-4 

2 1  79A?13 X u e 3 i ; l s  $1'7-5'5d" 153'53'04" L.2b 3 12.3 3 2.90 .35 .a13 b i o t i t e  g r a n i t e  
3-3 

22 7yAiQ2 !kGrath X - i  62'30'42" 153'28'01" 3.23 3 7-11 1-1 2.20 .ab .315 hornblende-biot i t e  
g ranod io r i t e  

Jiauoy Lake s tock 

23 79ARll L k i e f i i l l a  51'44'20" 153'11'h7" 15.i 2 45.9 5 3.04 - 2 1  " .  .a01 b i o t i t e  g r a n i t e  
L -A Y0rpWry 

2elaled Ierrtron arsnium and thorium m a l y s e s  by Y* T. Y i l k r d  ;r., '4. Jaugnlin. 9. 3. lsughn. ' 4 .  jchnetder ,  
?. i. a s t e r ,  3. i. {eatan and 'd. Stan$. "ernica: analyses  of f l u o r i n e  and chLor:.le 3y i. ? . i v i e l h  and 7. '&Daniel. 

1 '  
=''TI = c o e f f i c i e n t  3f vlr1at:On = 3ne s tandard leviatlon, based on counting s t a t i s t i c s ,  expressed -13 i e r c e n t  3 P  
concentra t  Lon. 
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TABLE 4. Average and range of t e n  chemical analyses of  t h e  Windy Fork pluton. 

Si02 

A1203 

Fez03 

FeO 

MgO 

CaO 

Na20 

K20 

H20+ 

Ti02 

P2 O5 

MnO 

co2 

Oxides 
(weight percent ) 

Average 

73.5 

12.65 

1.36 

1-61 

0.18 

0.84 

4.44 

4.91 

0.29 

0.23 

0.05 

0.07 

0.04 

Range 

70.9 -74- 7 

11.8 -13.5 

0.65 -2.1. 

1.2 -2.3 

0.06 -0.31 

0.59 -1.3 

3.7 -4.8 

4.5 -5.5 

0.17 -0.41 

0.15 -0.29 

0.02 -0.og 

0.03 -0.12 

0.03 -0.08 

C I P W  norms 
(weight percent) 

Average Range 

21.26-30.15 

0.00 -0.19 

26.66-32.85 
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F i g u r e  2.--Outline of Windy Fork p l u t o n  showing l o c a t i o n  
of samples collected. 



W~ndy Fork pluton 

A Granite of Tired Pup 

A Northeast prong 

feldspars 

Figure 3.-Modal d iag ram of t he  granitic samples given in t a b l e  1. Numbers ad jacent  
t o  open circles r e f e r  to sample l o c a t i o n s  s h o w  on f i g u r e  1 and l i s e e d  i n  t a b l e  1. 
Classification system is t h a t  of the IUGS (Streckeisen, 1973) .  
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Opaque minerals (volume percent in thin section) 
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F igure  4 . - -P lo r s  of z i r c o n  and opaque minerals (voLume p e r c e n t )  
against uranium f o r  background and  radioactive samples of the 
Windy Fork  p l u t o n .  


