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Introduction 

The Zane Hills pluton underlies a mountainous area of about 460 km 2 

in west-central Alaska and is locally enriched in uranium and thorium 

( ~ i l l e r  and Ferrians, 1968; Miller, 1970; Staatz and Hiller, 1976). 

While over 90 percent of the pluton consists of granodiorite with 

average contents of uranium and thorium, zones of porphyritic to 

gneissic monzonite along the southern and eastern margins of the 

pluton (fig. 1) contain as much as 100 ppm (parts per million) uranium 

and 269 ppm thorium (Staatz and Miller, 1976; table 1, this report). 

This report presents information obtained in 1976 on the relationship 

of the uraniferous monzonite to the granodiorite and on uranium enrich- 

ment outside the pluton as part of an on-going study of  the area. 

Geologic setting 

The Zane Hills pluton is part of the Hogatza plutonic belt o f  

west-central Alaska and is composed chiefly o f  light-gray, generally 

medium-grained, hypidiomorphic and equigranular leucocratic granodiorite 

and quartz monzonite (~iller, 1970). Biotite is the only varietal 

mafic mineral found in the granodiorite:over the south half of the 

pluton; hornblende occurs along with biotite over the north half. 

Border phases o f  heterogeneous monzonite and syenite occur locally 

along the southern and eastern margins of the pluton. Rocks of thls 

unit are characterized by a gneissic to porphyritic texture, are fine- 

to coarse-grained, and generally more mafic than the granodiorite. A 

coarse-grained porphyritic quartz monzonite occurs at the north end of 

the pluton (fig. 1). 



The p lu ton ic  rocks in t rude andes i t ic  volcanic rocks o f  Ear ly  

Cretaceous age (Patton and M I  1 l e r ,  1966) ; a K-Ar age measurement of  

81.9'3.0 m.y. has been obtained on hornblende from the monzonite near 

the southern margin of the p lu ton  ( ~ i l l e r ,  1970). The contact between 

g ranod io r i te  and the host-rock andesite i s  sharp and abrupt; the contact  

between monzonite and andesite i s  less abrupt and some potassium meta- 

somatism o f  the andesite appears t o  have occurred. 

Copper and molybdenum mineral ized areas occur i n  the Zane H i  11s 

( ~ i l l e r  and Ferr ians, 1968) and a placer go ld  mine has been operated 

a t  Hogatza ( f i g .  1) i n  recent years. 

Relat ionship o f  monzonite and granodior i te  

The contact  between the g ranod io r i te  and the monzonlte was known 

from previous w o r k  t o  be abrupt ( ~ i l l e r ,  1970); however, because of the 

combination o f  poor outcrop, extensive frost-heaving, and lack of 

de ta i l ed  mapping the mutual r e l a t i onsh ip  o f  the  two u n i t s  was unknown. 

An attempt t o  determine t h i s  re la t ionsh ip  was one o f  the primary goals 

o f  the 1976 study i n  the Zane H i l l s .  . 
Near l o c a l i t y  4 ( f i g .  1 )  a t  the southern border o f  the pluton,  the 

contact  between g ranod io r i te  and monzonite s t r i k e s  ob l ique ly  across a 

narrow, almost kn i f e - l i ke  r idge.  Although the surface o f  the r i dge  

cons is ts  o f  la rge angular f r os t - r i ven  blocks w i t h  no t r u e  outcrop, the 

narrowness o f  the r idge al lows the contact t o  be located t o  w i t h i n  a 

meter. Near the contact the monzonite i s  a f resh  unal tered t rachy to id  

rock w i t h  a l k a l  i feldspar phenocrysts 2 cm o r  more i n  length. It i s  



composed essen t i a l l y  o f  microcl ine,  p lagioclase,  hornblende, b i o t i t e ,  and 

minor quartz; accessory minerals are a l l a n i t e ,  sphene, apat i te ,  magnetite, 

zlrcon, and b e t a f i t @ ( ? ) .  An analysis o f  the monzonite showed 17 pprn 

uranium and 131 ppm thorium (no. 76AMm8A1, tab le  1); r a d i o a c t i v i t y  

readings o f  850 cps (counts per second) t o t a l  count were recorded w i t h  

a  hand-held sc i n t i l l ome te r  over the monzonite. The monzonite shows 

no apparent change i n  e i t he r  composition or  tex ture  as the contact w i t h  

the g ranod io r i te  i s  approached. 

The contact between the two u n i t s  occurs along the margin of  a 

1-meter wide tundra-covered saddle. The granodior i te  i n  t h i s  contact  

zone I s  s t rong ly  a l t e red  t o  a  bleached fine-grained, s e r i c i t i c  rock 

showing numerous s l i c kens l i de  surfaces; the tex ture  o f  the g ranod io r i te  

i s  ca tac las t i c .  Rad ioac t i v i t y  over the contact zone i s  about 350 cps 

t o t a l  count. The o r i g i n a l  b i o t i t e  i s  completely a l t e red  and the  rock 

appears t o  have been deformed along the o r i g i n a l  b i o t i t e  grains. The 

fe ldspars are  s t rong ly  se r i c i t i zed .  

Further away from the contact  the granodior i te  i s  less a l t e red  and 

contains accessory py r i t e .  The or ig inaq b i o t i t e  grains are  seen as 

pseudomorphs completely a l t e red  t o  s e r i c i t e .  Radioact iv i ty  background 

i s  250 t o  300 cps t o t a l  count. 

Analyzed samples o f  s t rong ly  and moderately a l t e red  g ranod io r i te  

showed 11.3 ppm and 10 ppm uranium respect ive ly  w i t h  17 and 18 ppm 

thorium. The uranium values are markedly higher than the 6.9 ppm 

reported f o r  t yp i ca l  - b i o t i t e  g ranod io r i te  co l lec ted  about 3 km away 

(no. 7, f i g .  1; tab le  1). 

The contact  re1 a t  ions suggest two poss i t i 1 i t  ies: (1) the costact  



i s  a f a u l t ,  o r  (2) the monzonite i s  the younger u n i t  which intruded 

and a l t e red  the granodior i te.  The second i n te rp re ta t i on  i s  favored by 

us since the monzonite shows no s ign o f  the deformation tha t  might be 

expected a t  a f a u l t  contact. Furthermore the granodior i te  adjacent t o  

the monzonite i s  enriched i n  uranium compared t o  granodior i te  f u r t h e r  

away from the contact suggesting uranium was introduced dur ing i n t r us i on  

of the uraniferous monzonite i n t o  the granodior i te.  

Uranium content o f  monzonite border phases 

The po rphy r i t i c  monzonite mapped along the southern and eastern 

borders i s  a heterogeneous u n i t  which includes monzonite, syenite, quartz 

monzonite, and hybr id  d i o r i t e ;  the tex tu re  and g ra in  s i ze  vary from 

p o r p h y r i t i c  and t rachy to id  t o  gneissic and from f ine-  t o  coarse-grained. 

The uranium and thorium content o f  19 analyzed samples i s  s i m i l a r l y  

va r iab le  w i t h  a range o f  11 t o  99 ppm uranium, 46 t o  269 ppm thorium, 

and a Th/U r a t i o  from 1.8 t o  10.3 ( t ab le  1) .  The average of these 19 

samples i s  30 ppm uranium and 125 ppm thorium; however, the sampl ing 

was by no means systematic and was probably biased towards the more . 
rad ioac t i ve  samples. The analyzed samples do show tha t  the monzonite 

u n i t  as a whole i s  enriched i n  uranium and thorium and t ha t  concentra- 

t i o n s  o f  100 ppm uranium o r  more occur l oca l l y .  Most o f  the uranium 

and thorium appears t o  be concentrated i n  uranothor iani te,  tho r i te ,  

be ta f i t e ,  a l l a n i t e ,  zircon, and sphene disseminated i n  monzonite. No 

vein-type uranium minera l i za t ion  was noted. Some f ine-grained a p l i t i c  

d l  kes appear t o  be enriched i n  uranium and thorium; one o f  these dikes 

(no. 15, tab le  1) y ie lded 130 pprn uranium, the highest value obtained 



from any sample from the pluton, and 189 ppm thorium. The uranium- 

bearing minerals i n  the dikes a l so  appear t o  occur as disseminated 

accessory minerals. The rad ioac t i v i t y  o f  the monzonfte u n i t  ranges 

from 500 cps t o  2000 cps as compared t o  about 250 cps for  the grano- 

d i o r t  te. 

The monzonite border phases of the Zane H i l l s  p lu ton are c l e a r l y  

anomalously r i c h  i n  uranium and thorium and therefore cons t i tu te  an 

exp lorat ion - target .  - -Deta i led studies may ind ica te  zones of uranium 

enrichment w i t h i n  the p lu ton s u f f i c i e n t l y  large t o  be o f  economic 

value, however no such concentrations have been encountered during the 

reconnaissance studies o f  the pluton. 

Uraniferous dikes near Clear Creek 

A swarm o f  a l k a l i - r i c h  dikes and hypabyssal in t rus ives  w i t h  above 

average r a d i o a c t i v i t y  crops out along two heav i ly  forested r idges no r th  

o f  Clear Creek and east o f  the p lu ton ( f i g .  1). Other small i n t r us i ve  

bodies occur i n  the v i c i n i t y  o f  Comeback Creek. The f ine-grained 

i n t r u s i v e  rocks on the r idges no r th  o f  Clear Creek are s l i g h t l y  t o  . 
moderately a l te red  and s t rongly  rad ioact ive w i t h  r a d i o a c t i v i t y  ranging 

from 500 t o  1000 cps as compared t o  30 t o  60 cps i n  the andesite. Many 

o f  the dikes are stained w i t h  hematite. They contain abundant a l k a l i  

fe ldspar but  l i t t l e  quartz and mafic minerals; magnetite i s  very abundant, 

an estimated 2 t o  3 percent o f  the rock i n  some cases. A t  l o c a l i t y  21 

( f i g .  I ) ,  a f ine-grained reddish f e l s i c  d ike about 60 m wide cuts meta- 

andesi te; the d ike s t r i kes  approximately north-south and i s  near ly  ve r t i ca l .  

The tundra-covered saddle i n  which the.d ike occurs gives r a d i o a c t i v i t y  



readings as h igh as 850-cps compared t o  30 t o  40 cps i n  the adjacent 

andesi te. A sample of the d ike contained 52 ppm uranium and 226 ppm 

t hor i um (no. 21 , 76A~m21, tab1 e 1 ) . A swarm of poor 1 y-exposed, c m o n l  y 

a l t e red  dikes occur fu r the r  east on the same ridge. They range i n  

composition from a l k a l i - r i c h  a p l i t i c  dikes t o  nepheline syenite. The 

a l k a l i - r i c h  dikes are  s im i l a r  t o  the "bostonite" dikes o f  the Front  

Range uranium d i s t r i c t  i n  Colorado (Sims and others, 1963). The nephel i ne  

syenite, a dense blue-gray f ine-grained va r i e t y  o f t e n  termed po lask i te ,  

i s  i den t i ca l  t o  pu lask i te  dikes found i n  the western Alaska a l k a l i n e  

rock province t o  the west ( ~ i l l e r ,  1972) and thus extends the length  

o f  t h i s  province an add i t i ona l  I30  km. S im i la r  dikes near Golovin i n  

the southwestern Seward Peninsula are  a l so  enriched i n  uranium and 

thorium and appear t o  be the source o f  uranium enrichment i n  wal l rock 

syeni te which contains as much as 1500 pprn uranium i n  a l l a n i t e - r i c h  

replacement bodies ( ~ i  1 l e r  and others, 1976). The pu lask i  t e  di'ke no r t h  

of  Clear Creek contains 82 ppm uranium and 188 ppm thorium (no. 20, 

76AMm25, t ab le  1 ) .  Other dikes a t  t h i s  l o c a l i t y  show s i m i l a r  h igh 

uranium and thorium contents (no. 20, tab le  1). 

A la rge poorly-exposed hypabyssal i n t r us i ve  body crops out  on the 

r i dge  immediately nor th  o f  Clear Creek ( loc.  19, f i g .  1) and appeans t o  

be composed c h i e f l y  o f  a dark blue-gray, feldspar porphyry which i n  t u rn  

i s  cu t  by a v a r i e t y  o f  dikes. An analyzed sample o f  fe ldspar porphyry 

y ie lded 35 ppm uranium and 80 ppm thorium. Rubble fragments of an 

a l tered,  reddish "bos~on i te "  dike, which apparently cuts  the fe ldspar 

porphyry, a re  found i n  the tundra; t h i s  rock i s  s t rong ly  rad ioact ive 



(1100 cps recorded for a fragment 25 cm i n  length), and an analyzed 

sample contained 407 ppm uranium and 556 ppm thorium (no. 19, 76A~m26B, 

tab le 1). This a l tered "bostoni te" consists o f  scattered a l k a l i  

feldspar phenocrysts i n  an a l tered groundmass o f  K-feldspar. Magnetite 

i s  abundant, perhaps 2 t o  3 percent of the rock, as 1s a l l an l te .  An 

Isotropic,  h igh- re l ie f  mineral which i s  yellowish-green i n  transmitted 

l i g h t  i s  a lso abundant; a heated sample o f  t h i s  material produces the 

X-ray pat tern o f  betaf i te, a uraniferous niobate mfneral (M. ti. Staatz, 

o r a l  communication). Betaf i t e  and t o  a lesser extent a1 l an i  t e  probably 

contain most of the uranium i n  the rocks. Some hornfe ls ic  andesite was 

found as isolated blocks i n  the tundra and probably occurs as xeno l i th ic  

inclusions i n  the intrusives; the andesite also was high I n  uranium , 

(33 ppm) and thor i um ( I  05 ppm) . 
The occurrence o f  uraniferous rocks i n  the area north o f  Clear Creek 

i s  o f  in te res t  since i t  indicates uranium enrichment i s  not necessarily 

confined t o  the pluton. Furthermore, the high uranium and thorium content 

i n  a l te red  andesite xenol i ths(?) indicates a t  least some enrichment of 

the country rock. The Th/U r a t i o  of 1.4 t o  4.4 ( tab le 1) o f  the dikes 

i s  r e l a t i v e l y  low compared t o  a Th/U o f  1.5 t o  10.3 fo r  monzonite of 

the Zane H i  11s pluton. 

Summary 

Recent work i n  the Zane H l i l s  pluton indicates that the heterogeneous 

monzonite u n i t  i s  anomalously r i c h  i n  uranium and thorium ( ~ i l l e r  and 

Ferrians, 1968; ~ i l l e r ,  1970; Staatz and M i l l e r ,  1976). This monzonite 

appears t o  have intruded the granodiorite that  comprises over 90 percent . 



o f  the pluton. A p l i t e  and "bostonite" dikes that  intrude both the 

monzonite and the andes i t ic  country rock nor th  o f  Clear Creek are 

enriched i n  uranium and thorium suggesting possible uranlum deposits 

outs ide the p lu ton i t s e l f .  

The occurrence of pu lask i te  dikes nor th  o f  Clear Creek extends 

the b e l t  o f  a l k a l i n e  rocks i n  western Alaska ( ~ i l l e r ,  1972) and eastern 

S iber ia  an addi t iona l  130 km t o  the east f o r  a t o t a l  length of about 

1200 km. 
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Table 1. Uranium and thorium analyses in parts per mil 1 ion (ppln) of selected 
grab samples from the Zane Hills area. Map number refers to Figure 1. 

Ma'p no. Field no. U ppm Th ppm Th/U - Description 

Gneissic monzonite 
Fine-grained gneissic monzonite 
Medium-grained porphyritic 
monzon i te 
Porphyritic monzonite 
Strongly altered granodiorite 
Moderately altered granodiorite 
Medium-grained gneissic monzonite 
Dioritic gneiss 
Unaltered biotite grano- 
dior i te 
Coarse-grained gneissic monzonite 
Fine-grained gneissic monzonite 
Coarse-grained gneissic monzonite 
Fine-grained gneissic monzonite 
Coarse-grained gneissic monzonite 
Fine-grained gneissic monzonite 
Coarse-grained porphyritic 
monzoni te 
Slightly gneissic aplite dike 
Coarse-grained gneissic monzonite 
Medium-grained gneissic monzonite 
Medium-grained gneissic monzonite 
Aplitic dike 
Fine-grained gneissic mohzonite 
Medium-grained gneissic monzonite 
Medium-grained gneissic monzonite 
Altered feldspar porphyry 
intrusive 
Altered bostonite dike 
Meta-andesite hornfels 
Altered bostonite dike 
Altered bostonite dike 
Altered bostonite dike 
Altered bostonite dike 

Analyses marked with * are by gamma-ray spectrographic methods and are taken from 
Staatz and Mi 1 ler (1976) and Mi 1 ler and Bunker (1975) ; a1 1 other analyses are by delayed 
neutron determination. The coefficient of variation of uranium analysed by delayed 
neutron determination is equal to or less than 2% and the coefffcient of variation of 
thorium is equal to or less than 10%; analysts are H. T. Millard, Jr., A. J. Bartel, 
R. J. Knight, C. L. Shields, C. M. Ellis, R. L. Nelms, C. A. Ramsey, R. J. Vinnola, 
E. Brandt . 



Figure 1.  Geologic map of the Zane Hills area, west-central Alaska. 
Sample numbers refer to table 1. Hap explanation on following page. 



Map explanation for Figure 1. 
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