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GEOLOGY Ah9 KETALLOGELT OF THE FAIRBAhXS HIRING DISTRICT 

T.E.  Smith and P.A. Metz 

The F a i r b a n k s  min ing  d i s t r i c t  i s  l o c a t e d  i n  t h e  w e s t e r n  p o r t i o n  of t h e  

Yukon-Tanana Eplands  and i n c l u d e s  an a r e a  of approximatel!? 800 s q u a r e  m i l e s .  

S i n c e  t h e  i n i t i a l  d i s c o y e r y  of g o l d  p l a c e r s  i n  1902, t h e  a r e a  h a s  produced 

.*<.J , a * 

7 . 6  m i l l i o n  t r o y  ounc5s  o f  p l a c e r  g o l d ,  250 thousand t r o y  o u n c e s  of l o d e  
- .  

g o l d ,  t h u s  a c c o u n t i n g  f o r  n e a r l y  25 p e r c e n t  of A l a s k a ' s  r o t a 1  p r o d u c t i o n .  

The d i s t r i c t  h a s  a l s o  produced s e v e r 2 1  thousand-tons o f  ant imony and t u n g s t e n  

~ n l  s i g n i f i c a n t  amounts of b u i l d i n g  s t o n e  and a g g r e g a t e .  

P r i n d l e  and Ka tz  (1913) were t h e  f i r s t  t o  p r o v i d e  E g e n e r e l  d e s c r i p t i o n  

G: t h e  Sedrock 2nd s u r f i c i a l  geology of t h e  F a i r b z n k s  d i s t r i c t  2s w e l l  a s  

d e t z i l e d  d e s c r i p t i o n s  of t h e  gold  p l a c e r  d e p o s i t s .  Smith ( 1 9 1 3 ) ,  Chapin 

( 1 9 1 4 ,  1 9 1 ? ) ,  l l e r t i e  (1918) an?  R i l l  (1933) d e s c r i b e d  t h e  l o d e  d e p o s i t s  of  

t h e  d i s t r i c t  2nd n o t e d  t h e  c l o s e  s p a t i a l  r e l a t i o n s h i p  of t h e  p l a c e r  d e p o s i t s  

t o  th:: l o d e  o c c u r r e n c e s ; '  nucn cf t h e  e a r l y  work r e l a t e d  :Lode o c c u r r e n c e s  t o  

i n t r u s i v e  b o d i e s  i n  t h e  d i s t r i c t .  Metz ( 1 9 7 7 )  s u g g e s t e d  t h e  gold-antimony- 

t u n g s t e n  l o d e s  might  have  s i m i l a r i t i e s  t o  s t r a t a b o u n d  d e * ~ o s i t s  known o u t s i d e  

cf  Alaska .  

Recent e e o l o g i c  mapping of  t h e  Erea  ( k i t h  and o t h e r s ,  1981; Robinson 

znd o t h e r s ,  1982: F o r b e s  and Weber, 1962! h n e t z e n ,  1911; Metz ,  1981; 

Robinson,  1981) h a s  s h o t ; ,  t h a t  bedrock  expcsed i n  t h e  2 i s t r i c t  ccmpr i se  t h r e e  

c e t z n o r p h o s e d  s t r a t i g r e p h i c  packages ,  which aFpear  t c  be i n  t h r u s t  f a u l t  con- 

t a c t  ( F i g .  - 4 ) .  The l o w e n o s t  s e q u e n c e ,  r e f e r r e d  t o  a s  t h e  F a i r b e n k s  

S c h i s t ,  c o n s i s t s  



dominant ly of brown t o  Rray q ,ua r t z i t e  and m s c o v i t e - q u a r t z  s h i s t  ~ 5 t h  l o c a l  

v a r i a n t s  con ta in ing  g a r n e t ,  b i o t i t e  snd c h i o r i t e .  Mineral assemblages i n  

t h i s  4,000 f t  t h i c k  u n i t  a r e  i n d i c a t i v e  of g reensch i s t  f a c i e s  metamorphism. 

I n t e r s t r a t i f i e d  near  t h e . r e n t e r  of the  Fairbanks Sch i s t  i s  a  400-800 f t  t h i c k  
% ,  

sequence c o n s i s t i n g  of i n t e r l e n s i n g  f e l s L c  s c h i s t ,  l an ina t ed  wh i t e  ~ i c a e o u s  

q u a r t z i t e ,  c h l o r i t i c  o r  a c t i n o l i t i c  g r e e n c c h i s t ,  g r a p h i t i c  s c h i s t ,  minor meta- 

. . 
b a s i t e  and metarhv~llte;::~alc-silicate beds ,  banded gray marble ,  and s i g n i f i -  

c a n t  m o u n t s  of q u a r t z i t e  and muscovite-quartz s c h i s t  i n d i s t i n g u i s h a b l e  from 

t h e  Fa i rbanks  S c h i s t  h o s t  rocks .  These rocks ,  r e f e r r e d  t o  a s  t h e  Cleary  Se- . 
quence, zppear  t o  be l a r g e l v  of a i s t ~ l  v o l c a n o ~ e n i c  o r i g i n  and h o s t  most of 

t h e  concordznt  and d i sco rdan t  lode  m i n e r a l  occurrences i n  t h e  d i s r r i c t ;  they  

a r e  g l s o  expcsed upstream from most c i g r , i f i c a n t  p l a c e r  d e p o s i t s  (Smith and 

o t h e r s ,  19E!, Robinson and o t h e r s ,  1982) . 
S t r u c t u r ~ l l y  above t h e  F 2 i r b a n k ~  Sch l s t /C lea rp  Sequence i s  an i n t e r v a l  

cf v a r i a b l e  t h i c k n e s s  con ta in ing  dense banded m p h i b o l i t e ,  t r e m o l i t e  r a r b l e ,  

cozrse-gra ined  garne t  muscovite s c h i s t ,  b i o t i t e - r i c h  s c h i s t ,  micaceous 

c a l c - s c h i s t  and p a l e  green metacher t  (Chesz P i v e r  sequence).  Mineral  ascem- 

b l a g e s  and t e x t u r a l  advancement i n  t h e s e  rocks suggest they \:ere metamor- 

phosed i n  t he  lower emphibol i te  f z c i e s  (Fcrbes and o t h e r s :  1 9 8 2 ) .  

. '  Metanorphic rocks occu r r ing  a long  che no r the rn  p a r t  of t h e  d i s t r i c t  

(Chatac ika  t e r r a z e )  ~ l s o  o v e r l i e  t h e  F ~ i r b 2 n k s  Schis t  i n  presumed t h r u s t  con- 

t a c t ,  bur  c o n s i s t  of a  d i f f e r e n t  rock a s sezb lage ,  inc luding  ga rne t -  c l i n c -  

. - 
Fyroxene e c l o g i t e s ,  ga rne t  a n p h i b o l i t e s ,  : lack a u a r t z f t e ,  n a r b l e  and p e l i t i c  

s c h i s t  (Swzinbank and Forbes,  1 9 7 5 ) .  

I n t r u s i v e  rocks I n  t h e  d i s t r i c t  occur  m~ . in ly  :as n c r r h e z s t e r l y - t r e n d i n g  



a ,  

bodies of (1) dark, fine-or medium-grained homo~eneous hornblende-bearing 

granodiorite exposed near Pedro Dome and (2) light colored, coarse-grained, 

multiphase porphyritic quartz monzcnite/granoaiorite present mainly on 

Gilmore Dome. Nunerous small plutons or hypsbyssal bodies of felsic to 

intermediate composition occur throughout the district. Field evidence 

suggests a mesozonal level of emplacement for the intrusives. Cross cutting 

relationships show the,.porphyritic quartz monzonitelgranodiorite is younger 
J . * 

than the hornblendeb<iring granodiorite. Available K / A r  and RbISr ages for 

the Pedro Dome and Gilmore Dome stocks range from 91 to 93 ~ . y .  

Petrochemical and mineralogical criteria suEgest - the porphyritic series may 

be S-type granitic rocks, whereas the hornblende-bearing grenodiorite has 

8 6 
characteris~ics ef  both 5 and I-type intrusive rocks. The initial "~rl Sr 

ratio is 0.712, supportive of an S-type origln (Blum, 1983). 

The regional structurzl evolution of the Fairbanks region was dominated 

by two fold episodes. The first resulted i3 synmetancrphic, overturned to 

recumbent, subisoclinal, ncrtheast verging folds with wavelengths to about 

1,000 ft ana northwest trencing axes. The second event folded t3e ~rsvicuslg 

metzmorphosed units into a series of broad northeast-trending open folds 

which control the distribution of rock types now exposed in the district. 

Local structures include small scale folds, =aults, joinzs, shears, 2nd 

"crush zones." the latter typically cluster in northeas: 2n? north-northezst 

trending sets and are vzriable in length tc ceveral nilec; both sets have 2 

close spatial ~ n d  penetic reletionship to discordant gold, 2ntimonv, end . 

arsenic mineralization in the district. Ycrtheast trentine faults typically 

shon reverse offset and southerly dips (fig. - B). Fault structures on Ester 

Dome strike generally north-scuth with steep dips 2nd bcrh normal znd strike 



s l i p  o f f s e t .  

Of 188 k n o ~ n  l o d e  g o l d  o c c u r r e n c e s  i n  t h e  F a i r b a n k s  d i s t r i c t ,  (Chapman 

and F o s t e r ,  1969) 65 have producec 2n e s t i n a t e d  240,000 ounces  of gold  w i t h  

average  o r e  v a l u e s  r a n g i n g   fro^ 0 .28 t o  2.3 ounces  p e r  t o n  (Thomas, 1973) .  

The d e p o s i t s  a r e  s p a t i a l l y  c o n c e n t r a t e d  i n  f o u r  a r e z s :  C l e z r y  Summit, E s t e r  
. . 

Dome, S c r a f f o r d ,  and Gi lmore  Dome ( f i g  - A . )  Gold and t u n g s t e n  l o d e s  of t h e  

d i s t r i c t  a r e  most nuherc:i- on C l e a r p  S u m i t  Gi lmore  Dome and E s t e r  Dome and 

a r e  h o s t e d  w i t h i n  v a r i o u s  l i t h o l o g i e s  o f  t h e  C l e a r p  Sequence.  The l o d e  

o c c u r r e n c e s  a r e  c l a s s i f i e d  as: 

I .  STRATAFOlJKD VOLC,WOGEKTC ( ? )  MIl;ERALIZAT?@V - ir! which i n t e r g r o w t h s  

of arsenic-zinc-antizcxv-lead-and copper  s u l f i d e s  2 gold and 

s c h e e l i t e  o c c u r  i n  c o n f c r E a b l e  l a c i n a e  and l e n s e s  p a r a l l e l  t o  

f o l i a t i o n  end c o n p o s i t i o n e l  baaeing i n  t h e  m e t a v o l c a n i c  h o s t  r o c k s  

w i t h  Au, Sb, A s ,  Za, 2nd Pb a s s o c i a t e d  tr i t 'h n e t a f e l s i c  r o c k s  and 

Cu-L? a s s o c i a t e 6  w i t h  m e t a b a s i t e s .  

11. LEAD SLXPYCSALT-BG-R11\'C- QCAI;.TZ SLXFIDE I'EIhS - w i t h  a r g e n t l f e r o u s  

g a l e n a ,  s p h a l e r i t e ,  c h a l c o p y r i t e ,  s t f b n i t e ,  a r s e n o p y r i t e ,  snd g o l d  

o c c u r r i n g  w i t h i n  Cretaceous  i n t r u s i v e s .  

. '  111. lETASO?lATIC TLTGSTEY SFLA?:: P:I!\TULIZhTIC!i - t u n g s t e n  i n  l o c a l  

c c n c e n t r a t i c n s  t o  3 p e r c e n t  70,  a s  s c h e e l i t e  w i t h i n  prograde 2nd - 
r e t r o g r e 6 e  c a l c - s l l i c z t e  skzrr! essemblages  i n  c l o s e  p rox imi ty  t o  

t h e  G i l c o r e  and Peero  gome g r e z i t i c  s t o c k s  ( A i l e g r o ,  1!?84, Byers ,  

1957,  Robinson ,  1 4 7 6 ) .  Yos: o c c u r r e n c e s  a r e  r e p l a c e ~ . e n t s  of  

c a l c a r e c u s  b e d s  o f  t h e  C l e 2 . r ~  S e q u e n c e .  



. . 
t he  metavolcanic  h o s t  rocks of t he  Cleary sequence ,  

V. STIBRITE GASP VETRS Ah3 FRACTTJE FILLINGS - a s s o c i a t e d  wi th  a x i a l  

plane s h e a r s  i n  t h e  metavolcanic  h o s t  rocks .  

A geochemical reconnaissance  of s e l e c t e d  rock c h i p s  f r o n  metamorphic 

rock  u n i t s  In  t he  Fa i rbanks  d i s t r i c t  i n d i c a t e s  t h e  f o l l o v i n g  enrichments  over 

c r u s t a l  abundznce: Antimony - 210 X ,  Arsenic  - 83 Z, gold - 50 X ,  and 

tungs t en  - 14 X .  Samples f r o n  h ighly  n i n e r a l i z e d  p o r t i o n s  of t h e  Clearv 
..<', , 0 

Sequence range up tg .s .6veral  thousand times t h e  c r u s t s 1  zve rages  of t hese  

elements .  (Albsnese, 1982a, b ,  c ;  Metz, 1984)  

F lu id  i n c l u s i o n s  from q u a r t z  In  v e i n s  and - se . lec ted  rocks  show 

c o n t r a s t i n g  composi t ions and homogenizatioz t empera tu re s  a s  f o l 1 . 0 ~ ~  

( f i g .  C): 
- .  

Type I Veins: 280-330°C, 5-6 w t .  pe rcen t  N r C l  e q u i v z l e z t ;  C02 8 mole 

pe rcen t  i n  samples w i th  v i s i b l e  gold.  

S c h e e l i t e  a l s o  c o n t a i n s  CG2-rich fluid i n c l u s i o n s .  

Types I1 and 111 Veins:  300-400°C, li-!L L-. p e r c e n t  Sac1  e q u i v a l e n t .  

Type IV I 'eins: 290"-36C1°C, 2-3 vt .  NzC1 e q u i v z l ~ n t ,  C02 8 mole percent  i n  

saziples wi th  v i s i b l e  gold .  Boi l inp  c n n d i t i o n s  i n d i c a t e d .  

Type V Veins: 190-220°C, 2-3 wt percent  K g C 1  e q u i v a l e n t .  

Intv-rlsive Rocks: 550-600°C, 20 percent  I \ E C I  e q u i v a l e n t ,  occas iona l  daughter 

m i n e r a l s  

Ketanorphic Rocks: S i ~ i l a r  t o  Tvpe T ~ . e i n s  

per  ~ i l  as  indici i ted on f i ~ . I ? .  Type T z c z o r i n e r z l i c  s t i b n i t e  v e i n s  range 

3 4  
from - 6  t o  -2 per  n i l  S . Kone o f  t h e  S x l f i ? ~  p a i r s  fron t h e  v a r i o u s  v e i n  

t y p e s  y i e l d  r ea sonsb le  t h e m o s e t r i c  es : ic~:es ,  s u g g e s t i ~ g  d e p o s i t i o n  o r  



s u b s e q u e n t  m o b i l i z a t i o n  u n d e r  disequilibrium c o n d i t i o n s .  

Lead i s o t o p e s  of  g a l e n a  s a n p l e s  f r o c  " s t r a t i f o m "  and v e i n  o c c u r r e n c e s  

i n  t h e  d i s t r i c t  a r e  r a d i o g e n i c  i n  c h a r a c t e r ,  and c l u s t e r  n e a r  t h e  end of 

s i n g l e  s t a g e  growth c u r v e s  ( f i g . E ) ,  s i n l l a r  t o  l e a d s  from c o n t i n e n t a l  r i f t  

env i ronments  (Smith and o t h e r s ,  1981) .  
.. 

The g e o l o g i c  s e t t i n g  as w e l l  as geochemica l  and i s o t o p i c  d a t a  a r e  

c o n s i s t e n t  w i t h  an o r e  r : . - e s i s  model which i n c l u d e s :  (1)  b imoda l  volcari ism 

i n  a l a t e  P r e c a m b r i a n ( ? )  e x t e n s i o n 2 1  environment  accomp-anied bv d e p o s i t i o n  of 

submarine  v o l c a n i c l a s t i c s  and e x h a l i t e s  e n r i c h e d  i n  Au-Sb-As-W (2) r e ~ i c n a l  

po1 :~e tamorph isn  i n  a t  l e a s t  two compressionzil  e v e n t s ,  e a r l y  m o b i l i z a t i o n  of 

m e t 2 l s  l n t o  v e i n s  mag have ~ c c o m p a n i e d  ~ e t a m o r p h i s n  ( 3 )  enplacement  of 

p o s t - t e c t o n i c  c r e t a c e o u s  a n a t e c t i c ( ? )  g r z n i t i c  rocks  w i t h  c o n c u r r e n t  

development of c o n t a c t  m e t a s o n a t i c  t u n g s t e n  s k a r n s  and c o n t i n u e d  m o b i l i z a t i o n  

of m e t a l s  i n t o  m i n e r z l i z e d  v e i n s  w i t h i n  f e v o r a b l e  s t r u c t u r a l  s i t e s  i n  t h e  

C l e a r y  Sequence.  F l u i d - i n c l u s i o n  i a t e  a22 vein mineralogy s u g g e s t  m o b i l i z i n g  

f l u i d s  were  e n r i c h e d  i n  C O  , HS , a n t i m o n o t h i o / a r s e n o t h i o  complexes;  2 

Z e p o s i t i o n  of m e t a l s  may have  r e s u l t e d  from v o l a t i l e  r e l e a s e  c r  b o i l l n g ,  2 ph 

i n c r e a s e ,  and mixing w i t h  lower  s a l i n i t y  r e t e o r f c  w a t e r  n e a r  t h e  b o i l i n g  

i n t e r f a c e .  
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Figure  A-E. ( A )  Generalized bedrock geologic  mep of t h e  Fa i rbanks  n i n i n e  

d i s t r i c t  showing d i s t r i b u t i o n  of me tz ; l i f e rous  Clearv Sequence a long  

a n t i c l i n a l  r i d g e  c r e s t s  and l o c a t i o n  of fou r  p r i n c i p a l  n i n e r a l i z e d  

a r e a s .  Most l ode  gold mines and p r o s p e c t s  (about  180) a r e  l o c a l i z e d  on  

v e i n  systems developed v i t h i n  o r  3 u s t  above t h e  Cleary Sequence. (B) 

Hodel of t y p i c a l  minera l ized  shea r  zone i n  d f s t r i c t  ( H a l l ,  o r a l .  Comm., 

1981) Sigmoidal shea r s  form c rush  zones =here they i n t e r s e c t  competent 

.. <.' . . 
q u a r t z i t e  un i~ - s ; ; s%ear s  and a s s o c i a t e d  c r u s h  zones were l a t e r  i n f i l l e d  

v i t h  v e i n  n a t e r i a l ;  mu l t ip l e  s t z g e s  of s h e a r i n g  and v e i n  emplacement 

comon.  ( C )  Homogenization tempera ture  and.~NaC1 -. equiva len t  r anges  f o r  

f l u i d  i n c l u s i o n s  i n  qua r t z  from v e i n  t y p e s  and s e l e c t e d  rocks  from t h e  

d i s t r i c t .  Type 1 and TP ve ins  s l s o  c c n t a i n  f l u i d  i n c l u s i o n s  w i t h  CO 2 

c o n t e n t s  i n  excess  of 8 mole p e r c e n t .  (C) Sul fu r  i s c t o p e  r anpes  cf 

s u l f i d e  c i n e r e l s  from v e i n  types  shoc,Ti-ng c o n t r z s t  between l a t e ( ? !  

n o n o n i n e r a l i c  s t i b n i t e  v e i z s  ap6 e z r l i e r  ~ o l y s u l f i d e  v e i n s .  (E) Lead 

i s o t o p e  r a t i o n  of galen2 from s t r a t i f o r r r  a d  d i sco rdan t  m i n e r a l i z a t i o n  

<n Fa i rbanks  d i s t r i c t  compared w i t n  t5nse  f r o 3  contLzental  r i f t  s e t t i n g s  

and deep sea  sediments .  


















