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GEOLOGY AND GEOCHEMISTRY OF THE SINUK RIVER BARITE DEPOSIT, 

SEWARD PENTNSULA, ALASKA 

By D. A. BROBST, D. M. PINCKNEP, and C.  L. SAINSBURY 

Abstract  

Ba r i t e ,  f l u o r i t e ,  galena,  s p h a l e r i t e ,  boulangeri te ,  and assoc ia ted  

s i l v e r  and gold were introduced i n t o  t h r u s t  s h e e t s  of marble and s c h i s t  

of t h e  Nome Group (Precambrian age) i n  t h e  Sfnuk River b a r i t e  depos i t  

along t h e  T e l l e r  Highway about 20 m i l e s  no r th  QE Nome on t h e  Seward Penin- 

s u l a ,  Alaska. Most of t h e  introduced minerals  were emplaced pervasively,  

followed by some l a t e r  shearing and r e c r y s t a l l i z a t i o n  which occurred a t  

a temperature of about 250°C, as ind ica ted  by atudy of f l u i d  inc lus ions  

i n  t h e  f l u o r i t e .  F i s su re  f i l l i n g s  cons i s t ing  p r i n c i p a l l y  of c a l c i t e  and 

a ragon i t e  and some ungheared galena and boulanger i te  and assoc ia ted  gold 

and s i l v e r  poss ib ly  i n d i c a t e  a second epoch of w ine ra l i za t ion  i n  t h e  

area. The v e r t i c a l  and l a t e r a l  ex tent  of t h e  mine ra l i za t ion  i s  unknown, 

although gossans wi th  base meta ls  are known i n  t h e  surrounding region.  

Minera l iza t ion  might have taken p lace  i n  shear  zones between t h r u s t  

s h e e t s  o r  might have penetrated favorable  hosb rocks i n  e f t h e r  t h e  over- 

r i d i n g  o r  underlying shee t  or both. Further  explora t ion  s e a s  warranted. 



I n t r ~ d u c t i o n  and h i s to ry  

Bar i te ,  f l u o r i t e ,  goethi te ,  galena, spha le r i t e ,  boulangezite, and 

associated s i l v e r  and gold occur i n  marble and s c h i s t  i n  t h e  Sinqk River 

b a r i t e  deposit  that: l i e  adjacent t o  the Tel le r  Highway about 20 miles 

north o f  Nome, on the  Seward P e a n s u l a ,  Alaska ( f i g .  1 ) .  The deposi t ,  

also known as t h e  quarry prospect (Herreid, 1966, p .  3), l ies on the  

divide between the Cripple River and Washington Creek, a t r i b u t a r y  of 

the  Sinuk R&ver, i n  the  NW 114 eec. 19  (and adjacent aect fcns) ,  T. 9 S., 

R. 35 W. ,  i n  the Nome C-2 quadrangle. New obsenatians on the s t r a t i -  

graphic, s t r u c t u r a l ,  and mineralogical features of t h e  barite depss t t  

euggesf t h a t  a l a r g e  area i s  worthy of explorat ion for rn$ncral dapoaits  

of comerciaE value. 
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Figure &.--Index map of the Nome area, Ward  
Peninsula, showing the location of the Sin@ 
RWer barite deposit. 



Xn e a r l i e r  times, the i n t e r e s t  of prospectors and geologists has 

been drawn t o  the Sin& River area by gogsana. Eakin (1915) f irst  

described the gosspae and af ter  spending only a day i n  the area had the 

general impression (p. 362), "that 2;here had been strang mineral izat ion 

a r t  c e r t a i n  l a c a l i t i e s ,  and that  the mineralizing agencies had affected 

a considerable area." The possans were examined by A. B . S h a l l i t  (unpub . 
data) i n  1942 for  the Alaska T e r r i t o r i a l  Department of Mines and again 

by Mulligan (1965) and re jec ted  ae sources of iron ore.  Some geologic 

and geochemical work was done i n  the area by Herreid (1966, p. 3, f i g s .  1, 

3) ,  who reported a s t rong geochemical anomaly for l s s d  and zinc i n  t h e  

so l1  of ern area  2,000 by 6,000 feet. This area includes a large borrow 

p i t  froa which road metal was tqken for  c o n s t r u c t i ~ n  of the T e l l e r  High- 

way. Thq p i t  became k n m  as the quarry prospect.  Recently Mr. Charles 

Volkheimsr and associa tes ,  of Nome, found b a r i t e  i n  the  p i t  and staked 

the quarry s i t e  and environs as the Sinuk m v e r  bargte  c l a i m .  



I n  August 1970, Brobst spent  2 days examining and sampling the 

Sinuk Rtver barite depos i t  a f t e r  an introduction t o  the  geology of the  

area by Sainabury, who has suppl ied  much information on the local  s t r a -  

tigraphy and geology ~f the Seward Peninsula. Studies of the f l u i d  

inclueions were contributed by Pinckney. Additional s tud ies  OF the 

aamples Included petrographic examination of t h i n  and polished sect ions ,  

mineral i d s n r l f i c a t l s n s  by X-ray d i f f r a c t i o n ,  spectrographic analyses o f  

rocks and nrinarals, and f i re  assqys f o r  precious metals. The qufhors 

acknowledge the  ass is tance  of L. A. Bradley fo r  the spectrographic, anal- 

yses, J. B. McHugb fo r  the lnatrumental determinations o f  mercury, 

W. D. Goss, A. W. Haubert, J. A. Thomas, and L. B. Riley fox the  f i re  

assays, J. D. Tucker for the X-ray d i f f r a c t o g r a w ,  and I rving Friedman 

and K. G. Hardcas tle for the  determination 95 the  carbon dioxide-to- 

water ratio i n  the  f l u i d  inclusfons. The authors a l so  thank Mr. Charlee 

Volkheimer and associa tes  f o r  permission t o  publiah the r e s u l t s  of t h i s  

study. 



B a r i t e - f l u o r i t e  depos i t  

The d e p a s i t  is exposed i n  a s t r i p p e d  area about 225 by 1,000 feet ,  

t he  long dimension of which t rends about N. 10' W. up a gen t ly  s loping  

h i l l .  The cut  exposes a sequence of folded,  i n t e r l a y e r e d  marble and 

c h l o r i t i c  s c h i s t  i n  t h r e e  benches r e f e r r e d  t o  aa t he  upper,  middle,  and 

lower benches. The upper beilch is  composed mostly of marble, bu t  con- 

tains some sch9st. A s h a f t  and s h o r t  unroofed c ros scu t  l i e  i n  t h e  

northwest  corner  of t h e  middle bench. This bench is composed mostly of 

s c h i s t  and some marble, The lower bench occupies t h e  southern  t h i r d  of 

t h e  c u t  and a l s o  is  composed mostly of s c h i s t .  A geologic  map of t h e  

cut as i t  appeared i n  1965 was included i n  a r e p o r t  by Herreid (1966, 

f i g .  31, b u t  t h a t  map showed only parts of what are now t h e  upper and 

middle benches. 

A d e t a i l e d  s t r a t i g r a p h i c  sequence of marble and s c h i s t  w a s  no t  

worked ou t ,  but marble seems t o  be  more abundant i n  t h e  upper than i n  

the lower p a r t  of the sequence i n  t h e  cu t .  The rocks are assigned by 

Sainsbury t o  t he  Nome Group, which comprises a th i ck  sequence of i n t e r -  

bedded s c h i s  t o s e  maxble and epidote-chlorite-albite-actlnolite s chis ts 

of Precambrian age. Simi l a r  rocks crop out over l a r g e  a reas  of the 

Seward Peninsula ;  they are w e l l  descr ibed  by Moff i t  (1913) , Smith 

(1910), and S a i n s b u y ,  Coleman, and Kachadoorian (1970). 



The marble and s c h i s t  have been deformed, thermally altered, and 

pervas ive ly  mineral ized t o  var ious  degrees. The compositional l a y e r s  

and f o l i a t i o n  have var ious  a t t i t u d e s  i n  the  exposures, bu t  a general  

sou theas t e r ly  d i p  p r e v a i l s  a t  the  cu t .  A well-developed l i n e a t i o n  t rends  

s l i g h t l y  e a s t  of south and genera l ly  plunges 15' t o  30' SE. Steeply dip- 

ping ve ins  only a few inches wide, cons i s t ing  mostly of colloform c a l c i t e  

and aragoni te ,  t rend  west and t r a n s e c t  the e a r l i e r  s t r u c t u r a l  f e a t u r e s .  

The ore  depos i t s  occur p r i n c i p a l l y  along the f o l i a t f o n  planes of the  h o s t  

rocks, but  some ve ins  and v e i n l e t s  c rosscut  both  the marble and t h e  

s c h i s t  . 
A t  s e v e r a l  p l aces  i n  the  c u t ,  t h e  marble was replaced by maqses of 

pale-yellowish-orange dolomite. A sample of t h i s  rock c o n s i s t s  of cloudy 

grains of dolomite about 0.01 mm across.  The rock is cu t  by th in  vein- 

lets of c a l c i t e  and s u l f i d e .  The s u l f i d e  minerals  apparent ly account f o r  

t h e  lead ,  zinc, antimony, and s i l v e r  shown i n  the  spectrographic m a l y s i s  

( t a b l e  1, sample 17) . 
Some of  the dolomite has been b recc ia t ed  t o  angular fragments 3 rn 

t o  3 cm across  and cemented by fine-grained white  quar tz  t h a t  is f r e e  of 

inc lus ions .  Some s e x i c i t e  l i e s  I n  the  i n t e r s t i c e s  of both the quar tz  and 

the  carbonate.  X-ray d i f f r a c t i o n  ana lys i s  indica ted  t h a t  some c a l c i t e  

and f l u o r i t e  a l s o  occur i n  the brecc ia .  The brecc ia t ed  dolomite a l s o  

conta ins  some s u l f i d e s  which probably account for the lead ,  z inc ,  and 

s i l v e r  shown i n  t h e  spec t rographic  a n a l y s i s  ( t a b l e  1, sample 22 ) .  



Tebls 1.-SpeoMoghopkic ~ ~ ~ Q A Q A  ad drnp&A (horn .the Sinuh Riuen. bani te  depo~i . t ,  Seururd Pek tu l l ea ,  Ma~fza 

Six-step nedqusa t i t a t i va  spectmgraphic mmlyws by L. A. Bradley. b t c u r y  determinations by J. 8. Maugh by iwtrcrmencsl methods. 

G, amount grea ter  than 10 percent; L, detected, but  b e l w  l im i t  of detection; N, no t  detected a t  l im i t  of detection; ppm, par ts  

per million (conwraion 10,000 pp!d 1 percant). 

Asterink (*) iad ica tea  @-lo i n  which 8dditim.l  el-ntm w r e  f o u d  ( i n  ppm) : 

Sample 20: 50 B. 15 Co, 30 La. I5 Sc, 20 Ge. S q l e  1S: L B, 30 Cd. 

S~nple 21: 70 B. 15 Co. 70 La. 30 Sc. 150 C.. Sample 14: 30 Cd. 3 No. 

50 Ga, 100 Nd. Sap10 14A: 20 Co. 70 La. 15 Se. 150 Ce. 

Smuple 4: 70 La. S.*pls 148: 2000 Aa, 7 b, 30 Sn. 

Haterial--- Marble Herbla Se r i c i t e  Cblol'ite B l t i t a  Barite Bmrite Breceia Calc i te  Aragonite Fluor i te  Bluorite 
a ch i s t  acktot 

Sample N e -  7 18  *20 *21 3 25 8 22 13  24 *4 5 

- .- - - - - -- - .- - -- 

h e l y m r  is p 8 r u  pe r  p l l l i m  

m---- 1M) 30 500 3Ca 30 7 50 700 5 5 50 30 

Ni---- 

pb---- 

Sb- 

St--------  

v--- 
y---- 

yb----- 

Zn------- 



Table 1.--SpecDrogmpkCc a d y b e b  06 bumpled &am the Shuk. R i v a  bw&e deoonir, S w d  P~nlnblcea, A&%ha--CouLUuured 

- -- 

Pleterial-- Pluorite Fluorite Pluorita Fluorite Pluorite Q u u t z  Dolomite Goeoan C a l d t e  Compoeita Bhaamd Vein 
rulfidam oulfidee rock 

TI--- L L L n N .owa n L ,001 .0002 L L 

hmlpam i n  par- par m l l l i ~ n  

M---- 20 20 30 15 30 20 200 70 30 200 2000 7 

n- 3 a a 1.5 I u n I u N N R' 

Smrpk h 4 I d p t t a  mi tomrrz<tly 

Calcite marble, upper banoh. 9 .  White f luo r i t a ,  e u t  a ide  of upper bench. 

Calcite mrb le ,  wait mid0 of lamr baa&. 10. Wbim f l w r i t a ,  eollacrad about 6 feet  north of 

Qnsne-oec4cita aehirt .  w # t  aid0 of mlddla bmch. ampla  9. 

Quartz-chlorlta-raricita r c h l t ,  U w t  r i de  of 11. Clear f l m r i t a .  uppsr bench. 

a d d b  bmch. 19. w u r p l o  f l w r i t a  clot. i n  iron-stained achis t  naer 

Yhire bar i te .  bulldomr cut  wrthunt of uio cut. *ut midm of w r t h  snd of upper beach. 

Wbite bar i te ,  north d of uppar ban&. U. Qunea-m~lfida maam. eas t  aide a t  middle bench. 

White ba r i t e ,  foldad Into wxbl0, rpwr b o d .  17. D o l a l t o  Mth eulfida veinlletr, m a t  aide of middle 

D o l ~ t ~ c ~ l e i t s l q o ~  br*ecim, rqrprr b a c h .  kacb. 

whits c o l l o f o a  cUci to .  o u t - t r m d i q l  -in. mutb  23. 6oro.n (peatbite-calcite rock). upper bench. 

and of upper baeb.  1. Vbite calcite, pais  on 1-r bench. 

pole-yollnrlmh-em a ryon l t a .  ~ . t - t c s n d l n #  w i n .  14. Cmpoolce of mhaarad f luo r i t e  rock and mahenred vain. 

uppar ban&. ssst aide of middle bwch. 

Purple f l u o ~ l t e ,  loawr bench. 14A. Sheared rock with f luo r i t e ,  calcite.  quartr,  end 

Light-purple f l w r l t e ,  l m r  banch. Fluid inolu- goathita at edge of vein; localicy e m  as  fo r  14. 

sionn studied i n  deta i l .  148. Sulfide minerale rmd quarts from center of vein; 

White f luor i te .  uppsr bench. local i ty  e m  ae fo r  14. 



Country rocks 

The unmineralized marble exposad a t  t h e  deposit  i s  gray t~ blutsh  

white and i s  composed of more than 95 percent calcite,  commonly twinned, 

with a gra in  s i z e  of 0 .1  t o  1 mu. The marble i s  schis tose ,  i ts fo l i a -  

t ion  accentuated by t h i n  layers  of shiny f l akes  of e e r i c i t e  i n t e r s t i t i a l  

t o  the  c a l c i t e .  Round t o  subangular gra ins  of quartz O.Q2 t o  0.2 mm i n  

diameter a re  sca t t e red  through the rock. Spectrographic analyses of two 

f r e s h  samples of t h i s  marble from the upper and lower benches a r e  shown 

i n  t ab le  1 (samples 7 and 18). These analyses ind ica te  the low i n i t i a l  

content of barium. 

Some of the marble has been a l t e r e d  by bleaching and dolomitization. 

Bleaching produced s t reaks  and patches of white marble withip the  unal- 

te red  gray marble. Some of the  bleached rock fs s ta ined by i ron  oxides. 



The l e a s t  a l t e r e d  s c h i s t s  a r e  s i l v e r y  t o  d w k  greenish gray and 

c o n s i s t  of var ious  proport ions of qua r t z ,  muscovite ( inc luding  s e r i c i t e ) ,  

and c h l o r i t e  a s soc ia t ed  wi th  smaller amounts of a l b i t e ,  ep idote ,  horn- 

blende, garne t ,  magnetite-ilmenite,  and s u l f i d e  minerals.  The s t r e a k s  

of micaceous minerals  are bent  and b r ~ k e n  and separa ted  by s t r e a k s  of 

qua r t z  i n  g ra ins  0.1 t o  0.2 mm across .  Some muscovite and c h l o r i t e  a r e  

included i n  t h e  quar tz ,  some s e r i c i t e  occurs i n t e r s t i t i a l l y  t o  the  qua r t z ,  

and some g ra ins  and patches of c a l c i t e  a r e  aesocia ted  wi th  quar tz .  Some 

s c h i s t  conta ins  smal l  'g ra ins  of high-calcium garne t  (andradi te )  which is  

pa le  red  and g r e a t l y  f rac tured .  Elongate s t r e a k s  of opaque i lmenite-  

magneti te  and s u l f i d e  minerals  occur wi th  the  muscovite. Spectrographic 

analyses of two samples of t h i s  type of s c h i s t  from t h e  west s i d e  of the  

middle bench a r e  shown i n  t a b l e  1 (samples 20 and 21) .  The s u i t e  and 

amount of t h e  t r a c e  elements, e s p e c i a l l y  the  z inc  and antimony, c e r t a i n l y  

suggest  t h a t  even the  f r e s h e s t  appearing s c h i s t  has  been hydrothermally 

a l t e r e d .  

Because the  s c h i s t  has been a l t e r e d  pervas ive ly ,  the  marble a l a o  

probably was a l t e r e d  s imi l a r ly .  I f  so ,  the  s t r e a k s  and patches of e i t h e r  

bleached o r  dolomitized rock mentioned above i n d i c a t e  p laces  where the 

marble was more i n  t ense ly  a l t e r e d .  



Introduced minerals 

The introduced minerals occur ch ie f ly  a s  s t r eaks  and pods i n  the  

pervasively a l t e r e d  s c h i s t  and marble and t o  a much lesser ex ten t  as 

t h i n  veins which trend w e s t  across the exposures. The s t r eaks  and pods 

are a few inches t o  severa l  f e e t  th i ck  and as much a s  severa l  tens of 

feet long, They contain varf ous amounts and combinations of b a r i t e ,  

f l u o r i t e ,  s u l f i d e s  of lead,  zinc, antimony, and i ron ,  and precious m e t -  

a l s ,  along with t h e i r  weathering products and a gangue of c a l c i t e ,  dolo- 

mite,  and quar tz ,  The s t r e a k s  and pods genera l ly  follow the  f o l i a t i o n  

of the  hos t  rocks and the  contacts  of the  various layers  of marble and 

s c h i s t .  

White b a r i t e  occurs mostly i n  marble on the  upper bench and is 

espec ia l ly  abundant i n  a bulldozer cu t  adjacent  t o  the  northwest s i d e  of 

the  main cut .  The b a r i t e  (sample 3) from the  bulldozer cut  i s  sugary- 

grained and has a l i n e a t i o n  induced by shear. I n  th in  sec t fon the  

g ra ins  of b a r i t e  a r e  0.5 t o  1.5 mm across,  and many a r e  twinned. The 

only accessory minerals observed a r e  s c a t t e r e d  round gra ins  of quartz 

and p y r i t e ,  the l a t t e r  surrounded by t h i n  rims of i ron  oxide. A similar- 

looking specimen of b a r i t e  (sample 25) from the north end of the upper 

bench contains a l i t t l e  c a l c i t e .  The texture  of both samples I s  sutured,  

and r e l i c t  gra in  boundaries are i nd ica t ive  of a t  l e a s t  a p a r t i a l  recrys- 

t a l l i z a t i o n  of the  b a r i t e .  Spectrographic anstlyses of b a r i t e  samples 3 

and 25 ( t a b l e  1) i n d i c a t e  a good-quallty b a r i t e .  The strontium values 

are n o t  e spec ia l ly  unusual, because barium and strontium f r e e l y  subs t i -  

t u t e  t o  severa l  percent  i n  t h e i r  respect ive  s u l f a t e s .  



Barite a l s o  occurs  w i t h  o t h e r  minerals  i n  some of t h e  pods; f a r  

example, w i th  f l u o r i t e  and quartz i n  t h e  c r e s t  of a small f o l d  i n  marble 

on t h e  upper bench, I n  a sample from t h i s  l o c a l i t y ,  g ra ins  of b a r i t e  

and f l u o r i t e ,  0.1 t o  0.2 mm across ,  a r e  s c a t t e r e d  i n  f i n e r  grained 

qua r t z .  Some smal l  amounts of s e r i c i t e  l i e  i n  the i n t e r s t i c e s  of t h e  

aforementioned minerals .  Some round g r a i n s  of p y r i t e  only 0.04 mm i n  

diameter axe s c a t t e r e d  through t h e  sample. The spec t rographic  a n a l y s i s  

( t a b l e  1, sample 8) sugges ts  t h a t  most of t h e  m a t e r i a l  analyzed is 

b a r i t e ,  

The f l u o r i t e  occurs  i n  c l o t s  and s t r e a k s  from s e v e r a l  inches  t o  

s e v e r a l  f e e t  across .  Most of t he  f l u o r i t e  is  white  o r  l i g h t  green and 

purp le ,  b u t  some is co lo r l e s s .  Most of t h e  f l u o r i t e  examined under t he  

mtcroscope has  been sheared and a t  least p a r t l y  r e c r y s t a l l i z e d ;  r e l i c t  

traces of former g r a i n  boundaries are e a s i l y  vgs ib l e .  Some f r a c t u r e s  as 

wide as 0.1m are f i l l e d  by quartz o r  calcite. I n  some t h i n  s e c t i o n s ,  

h a i r  f r a c t u r e $  and cleavage planes are "corroded" by c a l c i t e ,  and the 

f l u o r i t e  apparent ly  has been thoroughly penet ra ted  by la ter  so lu t ions .  

The f l u o r l t e  regarded as t y p i c a l  of thPs depos i t  is nea r ly  pure. Spec- 

t r og raph ic  ana lyses  of seven samples of f l u o r i t e  shown i n  t a b l e  1 

(samples 4, 5 ,  6,  9, 10, 11, and 19) i n d i c a t e  very l i t t l e  barium o r  

o t h e r  elements.  



The s u l f i d e s  galena (PbS) , s p h a l e r i t e  (ZnS) , and boulanger i te  

(Pb5Sb4S11) have been i d e n t i f f e d  i n  pol ished sec t ions  and by X-ray d i f -  

f r a c t i o n .  They occur as s c a t t e r e d  g ra ins  o r  aggregates i n  t h e  c l o t s  and 

streaks wi th  o t h e r  introduced minerals  and a s  f i n e l y  disseminated grains 

i n  t h e  c a l c i t e  and a ragon i t e  of the  l a t e  west-trending veins.  

Some of t h e  s u l f i d e  minerals  are sheared and some are not .  Textur- 

a l  r e l a t i o n s  suggest  t h a t  a t  l e a s t  some of the  s u l f i d e  minerals  were 

introduced later than  the f l u o r i t e  and barite. 

A body of quartz-r ich rock on the  east s i d e  of t h e  middle bench has 

discontinuous t h i n  s t r e a k s  o f  sheared galena. The qua r t z  matrix has 

been p a r t l y  r e c r y s t a l l i z e d ,  and some of t h e  relict boundaries have been 

preserved. A spec t rographic  ana lys i s  of this rock ( t a b l e  1, sample 15) 

a l s o  i n d i c a t e s  the presence of anomalous s i l v e r  and antimony. 

Sheared yellow-orange f luo r i t e -ca l c i t e -qua r t z  rock wi th  g o s t h i t e  a t  

a marble-schlst con tac t  on the east s i d e  of the middle bench conta ins  

s t r e a k s  o r  ve ins  of unsheared qua r t z ,  galena,  and boulanger i te ;  t h i s  

ve in ing  suggests  t h a t  the  l a t t e r  minera ls  perhaps a r e  younger than the 

enc los ing  sheared rock. Spectrographic analyees of t h i s  material axe 

shown i n  t a b l e  1. Sample 1 4 A  is the  sheared f l u o r i t e - r i c h  rock. Sample 

14B, t h e  unsheared quar tz -su l f ide  ve in ,  contains 2,000 ppm a r sen ic ,  bu t  

no s p e c i f i c  a r sen ic  minera ls  were i d e n t i f i e d .  Sample 14 is a composite 

of t h e  sheared and unsheared ma te r i a l .  The t r a c e s  of t i n ,  molybdenum, 

and r a r e  e a r t h s  found i n  these  samples are similar t o  those known i n  

many a l t e r e d  rocks on the Seward Peninsula.  



Herreid (1966) repor ted  some s i l v e r  and gold i n  t h e  rocks of this 

area. The amounts of s i l v e r  l i s t e d  i n  some of the  analyses i n  t a b l e  1 

of t h i s  r epor t  warranted f u r t h e r  i nves t iga t ion .  F i r e  assay d a t a  f o r  

eight  samples s e l e c t e d  from those co l l ec t ed  a t  the claims a r e  shown i n  

t a b l e  2. The sample numbers and m a t e r i a l  correspond t o  those i n  t ab le  1. 

No s p e c i f i c  gold o r  s i l v e r  minerals  were i d e n t i f i e d  i n  t h i s  s tudy.  

Trace amounts of mercury were de tec ted  i n  a l l  of the  samples from 

t h e  b a r i t e  depos i t  ( t a b l e  1). Background va lues  f o r  t h e  mercury content  

of rocks on the  Seward Peninsula a r e  less than 0.09 ppm. Thue, 10 of 

t he  samples, mostly those wi th  abundant s u l f i d e  minerals ,  contain anoma- 

lous  amounts of mercury. The samples of s c h i s t  and marble i n  the  miner- 

a l i z e d  a rea  do no t  conta in  anomalous amounts of mercury. The anomalous 

amounts of mercury seem t o  accompany the  lead  and z inc  minerals  and 

b a r i t e ,  s o  geochemical prospect ing wi th  tes ts  f o r  Pb-Zn o r  even Ba could 

be s u c c e s s f u l  and r e q u i r e  less c o s t  as w e l l  as less complicated tech- 

niques than prospect ing wi th  mercury. 

Colloform c a l c i t e  and aragoni te  wi th  disseminated f ine-grained 

galena and s p h a l e r f t e  c o n s t i t u t e  the p r i n c i p a l  f i l l i n g  of a group of 

west-trending ve ins  t h a t  a t t a i n  a maximum thickness of s e v e r a l  inches. 

The ve ins  were f r a c t u r e d  and healed during the  depos i t ion  of t he  carbon- 

ate minerals.  Spectrographic analyses of samples from two of these  

ve ins  a r e  listed i n  t a b l e  1 (samples 1 3  and 24).  



Table 2 .--F&e annay v & a  oh 4 ~ e c t e d  namfla dlrorn $he S h k  Rivere 

b&e d e p o ~ i t ,  Sew& PevLinbuhx, Atah 

[ ~ a l d  determinod by fire assay plus atomic absorptf on method by 

W. D. Goss, A. W. Hsubert, and J. A. Thomas. Sflver determined 

by ftre assay difference method by L. 8 .  Riley] 

Sample 
Gold Silver 

No. Material 
(ppm) (021 ton) ( p p d  ( o z l  ton) 

I4 Composite of sheared 

rock and unsheared 

2 2 Dolomite breccia----- C. 05 ---- -- .. ---- 

25 White barite--------- .8 <. 1 --- ---- 



Gossan 

A small gossan is exposed on the upper bench. The material looka 

dense, but i t  contalns a few percent,  by volume, of t iny  cav i t i e s  which 

a r e  l ined  with ca lc i t e .  Thin-section and X-ray s tudies  show t h a t  the 

mater ia l  is ch ie f ly  goethi te ,  which is  both very f i n e  grained and w e l l  

c rys ta l l i zed .  A a m p l e  of t h i s  ma te r i a l  contains 2,000 ppm zinc and a 

1 i C t A s  Aead and copper ( t a b l e  1, sample 23). The lead and zinc content 

i n  the gossan mate r i a l  is roughly comparable t o  that i n  the  analysis of 

the s u l f i d e  mater ia ls  shown i n  t ab le  1. 

P y r i t e  (FeS2) is a common accessory mineral disseminated through 

many rocks a t  the deposit  and some a l s o  i s  associated with galena. There 

is no evidence, however, t o  suggest e i t h e r  t h a t  l a rge  amounts of p y r i t e  

were introduced t o  the area ox t h a t  the goethfts-rich gossan was derived 

from pyrite, 

Fluid inclueions 

F lu id  inc lus ions  are abundant i n  all of the  f l u o r i t e  t h a t  was stud- 

ied, Sl ices  of f l u o r i t e  about 2 mm th ick  were cut  and polished on both 

sidea, These s l i c e s  were examined under a microscope equipped with a 

heating stage and a device t o  record temperatures. 



The inc lus ions  a r e  of two kinds,  those along hea led  f r a c t u r e  

planes and those  along t h e  g ra in  boundaries of r e c r y s t a l l i z e d  f l u o r i t e .  

The inc lus ions  along t h e  hea led  f r a c t u r e  planes are mostly equfdimen- 

s i o n a l  and have negatfve c r y s t a l  faces ,  a s  though they may be primary 

inc lus ions ;  t h a t  is, f l u i d  trapped along c r y s t a l  faces  wh i l e  t h e  f luo r -  

i t e  was being deposi ted.  The planes defined by these inc lus ions ,  how- 

ever ,  seem t o  be cumed and do no t  meet at r i g h t  angles .  Thus, they are 

f r a c t u r e  planes i n  massive f l u o r i t e  and n o t  c rys t a l log raph ic  planes,  and 

these  inc lus ions  a r e  of secondary o r ig in .  

F lu id  inc lus ions  of t h e  second type--those along t h e  g r a i n  bounda- 

ries of r e c r y s t a l l i z e d  f luor i te - -a re  extremely t h i n  and i r r e g u l a r  i n  

shape. They l i e  along curved planes of e l l i p s o i d a l  shape, between which 

a r e  zones of c l e a r  f l u o r i t e  t h a t  conta ins  no f l u i d  inc lus ions .  The 

three-dimensional a spec t  of the e l l i p s o i d  is c l e a r l y  seen by r a i s i n g  o r  

lowering t h e  f o c a l  plane of t he  microscope through t h e  pol i shed  p l a t e .  

These f l u i d  inc lus ions  a r e  along g r a i n  su r f aces  of t he  granulated and 

r e c r y s t a l l i z e d  (healed)  f l u o r i t e  descr ibed above, and t h e  f l u i d s  prob- 

ably were trapped during r e c r y s t a l l i z a t i o n  of t h e  f l u o r i t e .  

The f l u i d s  i n  both  types of i nc lus ions  cons i s t  of t h ree  phases-- 

l i q u i d  water ,  l i q u i d  carbon dioxide,  and gas. The carbon dioxide was 

i d e n t i f i e d  by warning and cool ing the  inc lus ion  t o  temperatures above 

and below t h e  c r i t i c a l  temperature (31.1eC) of carbon dioxide and observ- 

i n g  t h e  disappearance and reappearance of t h e  carbon dioxide phase. 



The f i l l i n g  temperatures of e i g h t  inc lus ions  were determined by 

hearing each sample u n t i l  t he  gas bubble disappeared i n  a homogenized 

l i q u i d  phase and then cooling the sample u n t i l  the bubble reappeared. 

The measurements obtained are shown i n  f igu re  2. Three of the inc lus ions  

s tud ied  were among those t h a t  surround c l e a r  granules of f l u o r i t e  and the  

o the r  f i v e  were among those along t h e  healed f r a c t u r e  planes,  Seven of 

the inc lus ions  f i l l e d  a t  2 4 3 O f  6 O C  and t h e  o ther  inc lus ion  f i l l e d  between 

255' and 256OC. The uncer ta in ty  i n  the  f i l l i n g  temperature is the  r e s u l t  

of poor o p t i c a l  p rope r t i e s  of t h e  inc lus ions  r a t h e r  than e r r a t i c  behavior 

during the  hea t ing  experiments. The temperatures given are a reasonable 

approximation of t h e  temperature t h a t  prevai led  when t h e  depos i t s  were 

r e c r y s t a l l i z e d  and Later  f rac tured .  A more accura te  est imate of t h e  

temperature would have t o  take i n t o  account correc t ions  f o r  the  s a l i n i t y  

of the f l u i d  and the  pressure  t h a t  prevai led  when t h e  f l u i d s  were trapped. 

The d a t a  f o r  such correc t ions  are no t  available, but the correc t ions ,  if 

applied,  probably would n o t  a i g n i f i c a n t l y  a£ fect t he  conclusfons. 



INCLUSION NUMBER 

Figure 2.--Filling temperatures of f l u i d  inclusions 
i n  f luorite.  The f luid inclusions, upon heating, 
converted to a single phase ( l iquid)  at the tempera- 
ture shown by the vertical  bars. Inclusions 1-3 are 
along grain boundaries of recrystallized f luori te;  
inclusions 4-8 are along fracture p l y e s  i n  f luor i te .  



The composition of  the  f l u i d  inc lus ions  was determined, i n  order t o  

eerimate the pressure t h a t  prevailed and, therefore,  t h e  minimum depth 

af cover i n  the  area when the  inclusdons were trapped. The carbon diox- 

ide  and water were extrac ted  from the f l u f d  inclusions i n  a sample of 

f l u o r i t e .  The f l u o r i t e  was cut  i n t o  thin s labs ,  polished on both s ides ,  

and examined microscopically f o r  f l u i d  inc lus ions  showing three  phases. 

The s l abs  were soaked i n  hydrochloric ac id  t o  remove any t r aces  of cal- 

cite from the  small v e i n l e t s  mentioned above. The s l a b s  were then placed 

i n  an evacuated chamber i n  a furnace and heated t o  425°C t o  rupture the 

inc lus ions  and re lease  the  water and carbon dioxide. Experiments ehowed 

thaf c a l c i t e ,  if pxesenf, would not  release carbon dtoxide a t  t h i s  tem- 

perature.  The released gases were passed i n t o  a vacuum l ine ,  which is  

designed s p e c i f i c a l l y  t o  separa te  carbon dioxide and water, and the 

amountg of carbon dioxide and water were measured. The f l u i d  recovered 

coas ie te  of 3.2 mole percent carbon dioxide. According t o  the  data of 

Takenouchi and Kennedy (1964), a mixture of t h i s  composition e x e r t s  a 

pressure of 233 bars  a t  250°C. This pressure i s  equivalent t o  t h a t  

exerted by a column of water about 7,900 f e e t  i n  height  o r  by a column 

of rock (densi ty 2.6) about 3,000 f e e t  i n  height.  From these  data,  the  

depth of the deposi t  a t  the  time of r e c r y s t a l l i z a t i o n  of the  f l u o r i t e  is  

estimated t o  have been a t  least a f e w  thousand f e e t .  



I n t e r p r e t a t i o n s  

The s ign i f i cance  of t h e  observa t ions  a t  t h e  Sinuk River b a r i t e  

depos i t  may be evaluated by synthes iz ing  t h e  events i n  t h e  geologic  

h i s t o r y  i n  t h e  a r e a  and r e l a t i n g  them t o  t h e  events i n  t h e  geologic  

h i s t o r y  of t h e  Seward Peninsula .  

At t h e  b a r i t e  depos i t ,  o r i g i n a l l y  layered  rocks were metamorphosed 

( r e c r y s t a l l i z e d  and f o l i a t e d )  i n t o  a sequence of marble and micaceous 

s c h i s t .  These rocks  were then  deformed: t h e  compositional l a y e r s  and 

t h e  micaceous minera ls  w i th in  them were folded and p a r t l y  f r ac tu red ,  and 

sou the r ly  t rending  l i n e a r  s t r u c t u r e s  were developed. Solu t ions  entered 

t h e  country rocks  pervas ive ly  and deposi ted f l u o r i t e ,  b a r i t e ,  s u l f i d e  

minera ls ,  and some precious meta ls  a long t h e  f o l i a t i o n  p lanes  and con- 

t a c t s  between s c h i s t  and marble. Some of the introduced m a t e r i a l  w a s  

p a r t l y  sheared and r e c r y s t a l l i z e d  under a pressure  equivalent  t o  a cover 

of a few thousand f e e t  of rock and a t  a temperature of about 250°C, a s  

i nd ica t ed  by t h e  f l u i d  inc lus ions  i n  t h e  f l u o r i t e .  La t e r ,  some t h i n ,  

s t e e p l y  dipping ve ins  were f i l l e d  wi th  carbonate  and some metal  s u l f i d e s .  

These l a t e  ve ins  t rend w e s t ,  a c ros s  t h e  p reex i s t i ng  s t r u c t u r e s  of t h e  

metamorphic rocks.  



A cons iderable  amount of information on t h e  rocks, geologic  s t ruc-  

t u re ,  and h i s t o r y  of t h e  Seward Peninsula  has  been ou t l i ned  by Sainsbury, 

Coleman, and Kachadoorian (1970), and is summarized below. Among the  

younger, b u t  n o t  t he  youngest, rocks of Precambrian age is a sequence of 

marble and s c h i s t  c a l l e d  t h e  Nome Group, which i s  exposed i n  t h r u s t  

s h e e t s  t h a t  occupy more than  10,000 square miles of t he  peninsula .  The 

rocks of t h e  Nome Group have been through two cycles  of t h r u s t i n g ,  t h e  

e a r l i e r  cha rac t e r i zed  by i n t e n s e  fo ld ing  and eastward t r anspor t ,  and the  

l a t e r  cha rac t e r i zed  by imbr ica te  t h rus t ing ,  wi thout  fo ld ing ,  and north-  

ward t r anspor t .  The t h r u s t i n g  was completed be fo re  middle Cretaceous 

time; t h e  t h r u s t  s h e e t s  have been in t ruded  by g r a n i t e s  of middle Creta- 

ceous age (100 mi l l i on  yea r s ) .  Associated wi th  these  g r a n i t e s  i s  a 

r eg iona l  thermal metamorphism t h a t  generated t h e  r e t rog rade  metamorphic 

e f f e c t s  i n  t h e  b l u e s c h i s t  f a c i e s  s o  common i n  the  rocks of t h e  Nome 

Group. I n  l a t e s t  Cretaceous, o r  e a r l i e s t  T e r t i a r y  t i m e ,  about 74 m.y. 

ago, more bodies  of g r a n i t e  in t ruded  the  Seward Peninsula .  These in t ru -  

s i v e  rocks have a s soc i a t ed  o re  depos i t s  containing t i n ,  l ead ,  z inc ,  and 

f l u o r i t e  t h a t  were introduced i n t o  t h e  country rocks i n  a l a r g e l y  perva- 

s i v e  manner, r a t h e r  than as v e i n  f i l l i n g s .  La ter  i n  T e r t i a r y  t i m e ,  

another  group of igneous rocks w a s  emplaced. Ores as soc ia t ed  wi th  these  

rocks a r e  f i s s u r e - f i l l i n g  depos i t s  conta in ing  gold,  s i l v e r ,  and antimony. 

These depos i t s ,  no tab ly  lacking  i n  f l u o r i t e ,  a r e  t he  source  of some of 

the  gold mined from t h e  famous p l a c e r  depos i t s  of t h e  Nome d i s t r i c t ,  



The rocks of t h e  b a r i t e  depos i t  a r e  minera logica l ly  s imi l a r  t o  o ther  

rocks of t h e  Nomt: Group on t h e  Seward Penfnsula and they d i sp lay  o ther  

characrar i s tOcs  ~f fo ld ing ,  metamorphism, shear ,  and even a southward- 

plunging l i n e a t i o n  a t t r i b u t a b l e  t o  northward t r anspor t .  Because of 

t hese  s i m i l a r i t i e s ,  we assign t h e  rocks t o  t h e  Nome Group. 

Continued study of t h e  Seward Peninsula shows t h a t  t he  s t r u c t u r e  of 

t h e  Nome region is  even more complex than formerly r ea l i zed .  Prelimi- 

nary geologic maps of t h e  Nome C-1 and Nome D-1 quadrangles (Humel, 

1962a, b), whlch lie about 10 miles east Q £  t h e  b a r i t e  depos i t  ( f i g .  l), 

show many fau l t ed  a r e a s  cons i s t ing  of markedly d i f f e r e n t  metamorphosed 

rocks, a l l  deafgnated as Paleozoic In age. In t h e  Nome D-1 quadrangle, 

t h e  d i f f e rence  between t h e  rocks nor th  and south of t h e  Stewart River 

suggests  t h a t  each a r e a  could be i n t e r p r e t e d  as a d i f f e rene  t h r u s t  sheet  

whose boundary f a u l t  may l i e  i n  the v a l l e y  of t h e  Stewart River. The 

blue-gray marble and micaceous schists south of t h e  Stewart River have 

t h e  same c h a r a c t e r i s t i c s  as those  rocks a t  t h e  b a r i t e  depos i t .  Thrust 

shee t s  Involving rocks of t h e  Nome Group probably do extend i n t o  t h e  

Nome reg ion  of t h e  Seward Peninsula.  



I f  the  assumption is  correct ly  made t ha t  the  metamorphic rocks 

exposed a t  the  b a r i t e  deposit a r e  par t  of the  Nome Group, then these 

rocks have been involved i n  the  two cycles of thrust ing and the  mid- 

Cretaceous thermal metamorphism. n u s ,  the  folding i n  the  country rocks 

a t  the  b a r i t e  deposir>robably reeulted from the  movements i n  the  f i r s t  

cycle of thrust ing;  and the  south-plunging l inea t ions  probably resul ted  

from lnovements i n  the  second cycle. The retrograde metamorphic e f fec t s ,  

including the  development of some of the  s e r i c i t e  and ch lo r i t e ,  resul ted  

from the  thermal metamorphism during the  emplacement of bodies of mid- 

Cretaceous grani te ,  some of which pierced the  core of the  Kigluaik Moun- 

t a i n s  about 20 miles north of the  b a r l t e  deposit ,  

The su9te of minerals including f l u o r i t e ,  ba r i t e ,  and metal su l f ides  

was introduced t o  the  host  rocks by a process of impregnation t h a t  seems 

best  corre la ted with the  pervasive mineralizat ion characteristic of tha t  

associated with the  emplacement of tin-bearing grani tes ,  about 74 m.y. 

ago. 

After the  introduction of these  minerals, they were rec rys ta l l i zed  

i n  the  presence of carbon dioxide-rich solut ions  a t  moderately high tem- 

perature (about 250°C). The recxys ta l l i za t ion  may have occurred l a t e  in 

the  o r i g ina l  cycle of mineralizat ion or ie a l a t e r  cycle of hydrothermal 

a c t i v i t y ,  such as tha t  which produced the  l a t e r  Ter t iary  f i s s u r e  veins 

containing the  gold, s i l v e r ,  and antimony i n  the  rocks of other nearby 

th rue t  sheets .  



The gteeply dipping, west-trending f i s s u r e  veins of c a l c i t e  and 

aragonite,  with accessory amounts of base and precious metals, were 

emplaced later  than the impregnating f l u o r i t e ,  b a r i t e ,  and su l f ide  min- 

e r a l s .  These vein f i l l i n g s  are not  sheared, but  the  colloform s t ruc tu res  

a r e  broken and healed, suggesting t h a t  the  area  of emplacement was then 

under tension, and not  comprsslsion as i t  probably was during the t i m e  of 

major f luor i t e -ba r i t e  mineral izat ion.  These veins a r e  perhaps re la ted  

t o  l a t e r  Ter t i a ry  f i s s u r e - f i l l i n g  deposits.  

The precious metals and antimony a r e  c h a r a c t e r i s t i c  of the s u i t e  of 

minerals associated with the later Ter t iary  vein f i l l i n g s ,  but  not: neces- 

s a r i l y  exclusively so,  Gold and s i l v e r  are detected i n  areas mineralized 

by the  impregnations associated with the 74-may.-old bodies of grani te .  

The presence, however, of seemingly unsheared galena and boulangerite 

with aaaociated s i l v e r  and gold, along with f l u o r i t e  r ec rys ta l l i zed  a t  

$bout 250°C at  the  b a r i t e  deposit ,  allows for  the  p o s s i b i l i t y  t h a t  t h e  

rocks of the  Nome Group i n  t h i s  th rus t  sheet  were mineralized more than 

once. 

Conclusions 

In conclusion, we a r e  suggesting: t h a t  the area  i s  an attractive 

ta rge t  f o r  f u r t h e r  explorat ion f o r  mineral deposits  of commercial value. 

The complex folding and fau l t ing  of severa l  ages i n  a l a rge  area 

suggests t h a t  channels for  en t ry  and dispersion of ore-depositing solu- 

t ions  through sheets  of f o l i a t e d  rocks probably have been opened during 

severa l  i n t e r v a l s  s ince  Precambrian t i m e .  



The occurrence of pervasively disseminated f l u o r i t e ,  b a r i t e ,  and 

s u l f i d e s  of lead,  zinc,  and antimony with associated s i l v e r  and gold, 

and anomalous mounts  of mercury a t  the b a r i t e  deposit  suggests rhgt  the  

major mineral izat ion belongs to t h a t  associated with the emplacement of 

the  bodies of tin-bearing g ran i t e  i n  the Seward Peninsula, about 74 m.y. 

ago. 

The temperature of homogenization of the  f l u i d  included i n  the  

fl~orite--243~f6~~--suggests t h a t  sources of hot  solut ions  were nearby, 

at: l e a s t  once, and t h a t  hydrothermal ore deposits  displaying the c l a s s i c  

f ea tu res  of mineral zonation may occur fn the  area. The f l u o r i t e  i s  

p a r t l y  sheared and rec rys ta l l i zed ,  event$ which mPghc have occurred l a t e  

i n  the cycle of o r i g i n a l  deposition or  even l a t e r .  The f l u o r i t e  cer- 

t a i n l y  w a s  nor completely sheared and rec rys ta l l i zed  a f t e r  the  entrapment 

of the f lu ids .  Mineralization might have occurred i n  more than one cycle 

of a c t i v i t y .  

The v e r t i c a l  and l a t e r 4 1  extent  of the  mineralized rock exposed a t  

the  b a r i t e  deposit  i s  unknown. The s t r u c t u r a l  and l i t h o l o g i c  controls  of 

the mineral izing solut ions  c l e a r l y  involve t h e  marble exposed i n  the area.  

Other marble, which could a l s o  be mineralized, may be inferred  a t  depth. 

Mineralization might have taken place only i n  the shear zones between 

the t h r u s t  shee t s  o r  might have penetrated favorable hos t  rocks i n  both 

the overriding and underlying sheets .  

Further explorat ion i n  t h i s  a rea  seems warranted. 
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