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GI2OCITEI.lICAL ILWESTIGATION OF 'TIID SLANA DISTRICT, 
SOUTIICENTRAL fUASIC7\, 13G3 cG 1364 

by D.H. Richter  

This r e p o r t  p r e s e n t s  the  gcochemical d a t a  and a summary of 
p e r t i n e n t  geologic  information obtained i n  t h e  Slana d i s t r i c t ,  i l l  

s ou thccn t ra l  Alaska, during t h e  course of f i e l d  i n v e s t i g a t i o n s  by 
t h e  Dj-vision of Mines and Miilcrals i n  1963 and 1964. Thc r e p o r t  
a rea  inc ludes  approximately 110 square m i l e s  i n  t h e  e a s t e r n  part 0 . F  
t h e  A1asJ:a Range north of the Glenn Highway between t h e  Chistochina 
and Slana Rivers.  

GENERAL GEOLOGY 

The rocks of the d i s t r i c t  c o n s i s t  of a  s e r i e s  of Permian ( ? )  
volcanics  and interbedded sediments intruded by igneous s tocks ,  
d ikes ,  and si l ls  ranging i n  composition from quar tz  monzonite t o  
gabbro. The p r i n c i p a l  i n t r u s i v e  roc]: i n  the repart  a r e a  i s  a larcje 
complex zoned quar t z  monzonite p lu ton  t h a t  t r e n d s  nor the r ly  i n  an 
i r r e g u l a r  manner across  the s t r u c t u r a l  g r a i n  02 t h e  Alaslta Range 
( s e e  geochemical map). The p lu ton  has  a  core of coarse-grained 
p o r p h y r i t i c  quar t z  monzonite, an intqrmcdiatc  zone of medium- t o  
coarse-grained quar t z  monzonite v r i - t h  minor g rancd io r i t e ,  and a very 
i r r e g u l a r  and heterogeneous border z0n.c of f ine-grained q u a r t z  
monzonite, o r thoc lase - r i ch  roc?.,, r,ilj-c:;r-csr7>o11ate rocl,:, s i l i c a -  
.tourmaline roclr, and a l t e r e d  coun.kry rodl:. 3 i o  ti.i;c i s  t h e  p r i n c i p z l  
1na:Ei.c mineral  i n  t h e  ccrc and co~rr:r31r-~~jz;l.j~i:1.~1~.i l:oc:':::; of the i n t e r -  
,> ,.l,.(jiate r, ZO~IG, whereas I~ornblende Is c:c:?;~.:?-n.c??-t i.il t k l e  f i ne r - s ra ined  
r0cl:s. 

l 'ho :-rlr~e o:F 2 1arc:- e longate  stac'l; of cl ior i te-quartz  . d i o r i t e ,  
C r- - 7 * 
,. . !:I,:' rng :lor.t!lv:n:; ::(2?:1:17 ;?nil parallel t o  .tlie Al;r .sI ra  Range, is e:;posec! 
j. !.l ;:;.l (: IT ..,:. p, .- -*-:-, c - .  n ..o - *.. - J  k c?:rl.?c:r of the me? c7xca. The rocl:, 'i1;llich e x h i b i t s  
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, a .  . . 
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., <. : ' 7 , , 
., ,.) -. , ' 7'::. .I . ,:: --loilisritc g r c d a t i o n a l  -to hornblende d i o r i t e  



porphyry, t h a t  appear t o  be g e n e t i c a l l y  r e l a t e d  t o  thc  l a r g e r  d i o r i t e  
mass, occur throughout t h e  area .  

Less common a re  d ikes  of andes i t e  porphyry, diabase,  and gabbro. 
Northeast  of Kennedy Lal;e a d i f f e r e n t i a t e d  b a s i c  s i l l  with o f f  shoots  
and segregat ions  of mica p e r i d o t i t e  i s  exposed, Neither of these  
smaller  i n t r u s i v e  bodies ,  nor the  g r a n o d i o r i t e - d i o r i t e  porphyry d ikes ,  
a r e  shown on t h e  geochemical map, 

Hydrothermal a l t e r a t i o n  has  a f f e c t e d  much of  t h e  rock i n  t h e  a r e a  
and sulf ide-hearing quar t z ,  quartz-carbonate ,  and quartz-carbonate- 
b a r i t e  ve ins  a r e  r e l a t i v e l y  common, The p r i n c i p a l  a l t e r e d  a r e a s  
and many of  t h e  ve in  d e p o s i t s  occur wi th in ,  o r  i n  c l o s e  proximity 
t o ,  t h e  border zone of t h e  quar t z  monzonite pluton.  I n  t h e  a l t e r e d  
a reas  the rocks have been replaced by quar tz ,  carbonate,  p y r i t e ,  
and l o c a l l y  s e r i c i t e  and c l a y  minerals.  The p r i n c i p a l  o r e  minera ls  
i n  t h e  ve ins  a r e  p y r i t e ,  cha lcopyr i te ,  galena,  s p h a l c r i t e ,  and s i l v e r -  
bear ing  t e t r a h e d r i t e ;  gold,  s i l v e r ,  and n a t i v e  copper a r e  p r e s e n t  
i n  t h e  small l o c a l  p l a c e r  d e p o s i t s  b u t  only minor gold has  been 
observed i n  some of t h e  ve ins ,  Small poorly def ined zones of  dis-  
seminated chalcopyr i te  ( . 0 2 - - 0 5 %  Cu)  occur i n  t h e  d i o r i t e  s tock,  
e s p e c i a l l y  along i t s  con tac t  with t h e  volcanic  country rock. 

GEOCHEMICAL STUDIES 

More than 500 stream sediment samples were c o l l e c t e d  and t e s t e d  
i n  the f i e l d  f o r  co ld  e x t r a c t a b l e  heavy meta ls  by t h e  Univers i ty  of 
Alaska method A/. The  pH was not  adjusted i n  any of t h e  f i e l d  tests, 
and s a l t  ( ~ a ~ l )  was used a s  a  condi t ioning  reagent .  Q u a n t i t a t i v e  
analyses  f o r  copper, z inc,  l ead ,  and molybdenum were performed on 
265 sf these  samples by t h e  Divis ion l a b o r a t o r i e s ,  using t h e  U.S. 
Geological Survey pyrosu l fa te  fus ion  method 2/, and by t h e  Rocky 
Mountain Geochemical Labora tor ies ,  using t h e  acid d i g e s t i o n  techni-  
ques of Sandel l  A/. A l l  of t h e  a n a l y t i c a l  and f i e l d  t e s t  d a t a  f o r  
t h e  l abora to ry  analyzed samples a r e  given i n  Table 1; a l s o  l i s t e d  
a r e  f i e l d  t e s t  r e s u l t s  f o r  5 1  s e l e c t  samples (numbers 266 t o  316) 
t h a t  were not  q u a n t i t a t i v e l y  analyzed. I n  add i t ion  t o  t h e  stream 
sediments, 2 3  roc!.; samples r e p r e s e n t a t i v e  of the  p r i n c i p a l  rock 
types i n  the  a rea  w e r e  analyzed f o r  t r a c e  amounts of copper, z inc,  
lead ,  and molybdenum t o  determine t h e  hac1:ground range of these 
metals.  These d a t a  a r e  p l o t t e d  on t h e  stream sediment frequency 
d i s t r i b u t i o n  grashs  (Figure 1). R e p a t  analyses  and cross-checl: 
s a ~ i . ~ l c n  i n d i c a t e  t h a t  t h e  anal;;':ical r e s u l t s  f o r  copper, z inc ,  and 
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Table 1 

COPPER, Z I N C ,  L E A D  A N D  MOLYBDENUM CONTENT OF 
STREAM SEDLMICNTS IN THE SLANA DISTRICT 

Sample C o n c e n t r a t  ion (ppm) F i e l d  t e s t  
Nurnber C u Zn Pb Ma 

--, 
(ml of  dye) 



Tab le  1 - continued 

Sample C o n c e n t r a t  i o n  (ppm) F i e l d  test 
Number Cu Zn Pb Eio (ml of dve) 



Sample Concc.nt ra t  i o n  (ppm) -.---- - 1:ield t e s t :  
Mt~nibcr C u % n Pb blo ( m l  of  d ~ c )  -- 



Sample 
Number 

Concentrat ion- Field t e s t  
Cu Zn Pb Mo (ml of dye)  



Table 1 - con t inued  

Sample Conccnt rn t  i o n  (epm) ---- 
Nrr~nbcr Cu ~n ~b ~d 

F i e l d  t e s t  
(ml of {lye) 



T n h l c  1. - c o n t i n l i c d  

Sample . --- C o n c c ~ ~ t : r a t i o n  ( p ~ d  
Number Cu - % n Pb Plo - 

F i e l d  test 
(ml of  d y e )  



T a b l e  1 - c o n t i n u e d  

Sampj e Conccntrat ion (ppm) F i c l d  test  
Number Cu Zn Pb Mo ( m l  of dye) 



Table 1 - continued 

Samp 1 e Concentratl.on (ppm1 - - F i e l d  test 
Number - Cu Zn P'b Mo 

-I , (ml of dye) 

NOTE: Blank space i n  Mo column denotes that molybdenum was not detected. 

Analyt ical  Laboratories .-.-- 

Alaska Division of Mine8 and Minerals: Sample$ 10, 11, 15, 18-23, 26-36, 
4 6 ,  51, 52, 59, 61, 76-157 (with exception of Mo in 105, 106, 109, 110, 
120, and 121), 184-265. 

I?.c~clcy Mountain Geochemical Laboratories: Samples 1-9, 12-14, 16, 17, 24, 
25, 37-45, 47-50, 53-58, 60, 62-75, and 158-183. 



lead from the  t h r e e  l a b o r a t o r i e s  a r e  i n  good agreement. Molybdenum, 
however, was c o n s i s t e n t l y  low from the Division l a b o r a t o r i e s  and as 
a rule went undetected where p resen t  i n  concent ra t ions  of l e s s  than 2 
t o  3 ppm, F a i r  correspondence was genera l ly  obtained between t h e  
fie1.d t e s t  and q u a n t i t a t i v e  l abora to ry  d a t a  e s p e c i a l l y  i f  z inc  w a s  
among t h e  enriched elements, Copper and/or lead enrichment was o f t e n  
missed by t h e  f i e l d  t e s t ,  ev iden t ly  i n  p a r t  due t o  t h e  optimum 
e x t r a c t i b i l i t y  of these  metals  a t  pH values  s i g n i f i c a n t l y  d i f f e r e n t  
from t h e  near n e u t r a l  t o  weakly acid f i e l d  test  so lu t ipns .  I n  t h e  
o t h e r  extreme, a s t rong  f i e l d  anomaly, near Kennedy Lake (samples 27,  
28 ,  29,  and 3 3 )  could not  be subs tan t i a t ed  by t h e  l abora to ry  analyses .  

Histogram frequency d i s t r i b u t i o n  graphs have been prepared f o r  
each of  t h e  four  metal  elements i n  t h e  265 analyzed samples ( ~ i g u r e  1). 
Although these  p l o t s  have n o t  been smoothed, a s i n g l e  populat ion,  
lognormal i n  d i s t r i b u t i o n ,  i s  apparent f o r  each element. Moreover, 
t h e  mode, i.e., t h e  concent ra t ion  t h a t  occurs  oftenest, fox each metal  
element i n  t h e  stream sediments of t h e  Slana  d i s t r i a t  i s  wi th in  a 
few percen t  of t h e  c r u s t a l  average es t imate  9. Approximate upper 
background l i m i t s  ( threshold  va lues )  f o r  t he  four  metal  elements were 
est imated on t h e  b a s i s  of  t h e  known metal concent ra t ion  range i n  the 
p r i n c i p a l  rock types of  t h e  a rea  and v i s u a l  inspec t ion  of the h i s t o -  
gram d i s t r i b u t i o n  p l o t s ,  These threshold va lues  a re :  copper, 150 ppm; 
zinc,  150 ppm; lead ,  50 ppm; and molybdenum, 6 ppm. On t he  accompanying 
geochemical map t h e  red h a l f  c i r c l e  denotes  stream sediments wi th  a t  
least one metal  element whose concent ra t ion  i s  g r e a t e r  than  t h e  
threshold  and t h e  red  f u l l  c i r c l e  a t  l e a s t  one metal  element whose 
concent ra t ion  i s  g r e a t e r  than  twice t he  threshold.  

DISCUSSION OF RESULTS 

Anomalous concent ra t ions  of heavy metals  a r e  p r e s e n t  i n  many 
stream sediments i n  t h e  r e p o r t  a rea .  Most of t h e  anomalies a r e  on 
streams d ra in ing  t h e  border zonc of me quar tz  monzonite p lu ton  and 
t h e  d i o r i t e - q u a r t z  d i o r i t e  i n t r u s i v e s ;  a f e w  a r e  on streams dra in ing  
t h e  in termedia te  zone of the p lu ton  and bedded country rock, b u t  
none were found d ra in ing  only the core  of t h e  pluton.  Zinc and lead 
a r e  t h e  p r i n c i p a l  enriched meta ls  i n  anomalies r e l a t e d  t o  border zone 
 roc?:^; and a l t e r e d  areas,  whereas copper i s  t h e  p r i n c i p a l  metal i n  
the d i o r i t e - q u a r t z  d i o r  i t e  anomalies. Although t h e  d a t a  are in-  
S U E  T i  c i c n t  t o  clctcrmine which, i f  any, of t h e  anomalies may he s i g n i -  
fi.cc7 12, 2 k  l e ~ s k  t w o  a r e a s  of high metal  concent ra t ion  - one near 
LCD- T - I ' : ~  ?.I(; kl le  okher southeas t  of F l a t  Lake - warrant  further 
j:,, " * - 2 , - - , * - .  - -.lr)n. 



The Long Lake anomaly inc ludes  an area  of roughly s i x  square 
mi les  under la in  by quar t z  monzonite, q u a r t z  monzonite border zone 
rock, and bedded volcanic  rocks.  The anomaly appears t o  be centered 
around a  conspicuous a l t e r e d  a rea  t h a t  h a s  been r e c e n t l y  explored 
f o r  molybdenum. FIowever, o the r  than the stream sediments der ived 
from the  exposed a l t e r e d  area ,  which are high i n  molybdenum, lead ,  
cop\er ,  and z inc ,  t h e  anomaly i s  ch2rac ter ized  by high l c a d  values.  
Wit1.lin the anomalous a r e a  a t  l e a s t  34 streams conta in  sediments with 
lead concent ra t ions  above 50 ppm, including 20  with concent ra t ions  
of 100 ppm t o  500 ppm (sample 120) .  The roclcs i n  the  a l t e r e d  a r e a  
have been replaced by an in t imate  mixture a f  s e r i c i t e ,  clay minerals ,  
and quar t z  and l o c a l l y  conta in  disseminated p y r i t e  and sparse ,  f i n e -  
grained molybdenite. Two quar tz  ve ins ,  one conta in ing  minor chal-  
copyr i t e ,  were observed i n  the  a l t e r e d  area .  Outside of the altered 
a r e a  t h e r e  i s  only meager evidence t o  suggest  a source f o r  t h e  high 
rnc:al concent ra t ions .  Northwest of the  w e s t  end of  Long Lake a  
number of  galena-bearing q u a r t z  ve ins  may be respons ib le  f o r  t h e  high 
lead  va lues  i n  samples 104, 155, 156, and 157, b u t  elsewhere no 
minera l i za t ion  was observed i n  a s soc ia t ion  wi th  t h e  anomalies. 

The anomaly southeas t  of F l a t  Lake i s  r e s t r i c t e d  t o  streams 
dra in ing  quar t z  monzonite border zone rock, Unlilce t h e  Long Lake 
anomaly, z i n c  is t h e  p r i n c i p a l  enriched element, with one sample 
(172) conta in ing  i n  excess of LOO0 ppm. High lead va lues  (maximum 
215 ppm, sample 171) a r e  p resen t  i n  a number of streams, b u t  copper 
does not  occur i n  amounts above threshold  va lues  (150ppm). N o  
source o f  the anomaly i s  apparent from the  geologic  i n v e s t i g a t i o n s  
conducted i n  t h e  a rea .  A number of bar ren  quar t z  ve ins  and one p y r i t e -  
hear ing  quar t z  ve in  i n  quartz-tourmaline border zone rock a r e  exposed 
between sample s i t e s  6 2  and 163 i n  t h e  main stream flowing i n t o  
F l a t  Lake.  To the e a s t  a small  l imonite-s tained a rea  and quar tz-  
carbonate ve in  with p y r i t e  i s  exposed below sample s i t e  1 7 2  and minor 
disseminated cha lcopyr i t e  and a f e w  quartz-carbonate ve ins  a r e  p r e s e n t  
i n  quar tz- r ich  border zone rock below sample s i te  51. 

Elsewhere i n  the r e p o r t  area most of t h e  high metal sediments 
are enriched c h i e f l y  i n  copper and a r e  from streams d r a i n i n g  t h e  
d io r i t e -quar t z  d i o r i t e  i n t r u s i v e s .  Many of these apparent capper 
anomalies, however, probably only r e f l e c t  t h e  r e l a t i v e l y  high back- 
ground copper content  (as much as  150 pprn) of  t h e  d i o r i t i c  rocks. 
A poss ib le  s i g n i f i c a n t  excepfzion is  near t h e  headwaters of  Porcupine 
Cree l ;  nor th  of Indian Pass L t k e  wllcre disseminated cha lcopyr i t e  has 
')t?zn observed i n  the  d i o r i t e  between sample s i t e s  2 2 3  and 239.  The 
,'our t r ibu ta r i e s  of t'ne I.?ost Fork of ,'ljltell Creek which sl~ow h igher  
t h a n  threshold copper .iraluec: pa17 a l s o  d r a i n  d i o r i t i c  rocl:s beyond 
2.32 map area. 



REFERENCES 

1/ Mukherjee, N.R., and Mark Anthony, L., 1957, Geochemical - 
Prospec- t ing :  U n i v e r s i t y  of Alaska, School  o f  P4ines B u l l ,  3 ,  81 p,  

2/ VJa.rd, F.N. and o t h e r s ,  1963, A n a l y t i c a l  Methods used i n  G e o -  - 
chemica l  E x p l o r a t i o n  by t h e  U.S. G e o l o g i c a l  Survey;  U.S, 
G e o l o g i c a l  Survey B u l l e t i n  1152, L O O  p. 

3 /  Sandell, E.B., 1959, C o l o r i m e t r i c  D e t e r m i n a t i o n  of Traces o f  - 
1.2etals: 3d ed. ,  New York, I n t e r s c i e n c e  P u b l i s h e r s ,  1054 p. 

4/ T a y l o r ,  W.R., 1964,  Abundance of Chemical Elements  i n  t h e  - 
C o n t i n e n t a l  C r u s t :  a new t a b l e :  Geochemical e t  Cosmocllim. 
Acta ,  v. 28.  p. 1273-1285. 


