
STATE OF ALASKA 

DEPARTMENT OF NATURAL RESOURCES 

DIVISION OF GEOLOGICAL AND GEOPHYSICAL SURVEYS 

Robert E. LsResche Commissioner 

R o u  G. Schaff - State Geologist 

August 1978 

This is a preliminary publication of the Alaska 
Division of Geological end Geophyoical Surveys and as - 
such has not received final editing and review. The 
author will appreciate candid comments on the accuracy 
of the data, and welcome suggestions that will improve 
the report. 

Alaska Open-Fi l e  Report 118 

PRELIMINARY BEDROCK GEOLOGY AND MINERAL 
RESOURCE POTENTIAL OF WEST-CENTRAL 

LAKE CLARK QUADRANGLE, ALASKA 

By G . R .  Eakins,  W . G .  G i l b e r t ,  T.K. Bundtzen 



l NTRODUCT l ON 

This repo r t  summarizes p re l im ina ry  r e s u l t s  o f  DGGS geological  mapping 
and mineral resource i n v e s t i g a t i o n s  i n  the  Lake Clark Quadrangle dur ing  
1977 and 1978. Fo r t y  days were spent i n  the  f i e l d ,  30 i n  1977 and 10 i n  
1978. Approximately 1,285 square mi les ,  i nc lud ing  a l l  o f  the Lake C la rk  
B-5, B-6, and C-5 quadrangles and p a r t s  o f  the  Lake Clark  A-6, 8-4, C-4, 
C-6, D-4, and D-5  quadrangles, were s tud ied by a hel icopter-supported 
geologic mapping and geochemical sampling program. P r o j e c t  geo log is ts  
G i l b e r t  Eakins, Wyatt G i l b e r t ,  and Thomas Bundtzen were ass is ted  by Gregory 
L a i r d  and Chr is topher Nye i n  1977 and L a i r d  and James Clough i n  1978. DGGS 
geo log is t  J e f f  K l i ne ,  who was s tudy ing the  Quaternary geology of the upper 
Mulchatna R iver  area dur ing  t h i s  per iod,  a l s o  con t r i bu ted  t o  the mapping. 
David C .  Jones o f  the U.S. Geological Survey and Robert Blodget t  o f  t he  
U n i v e r s i t y  o f  Alaska provided in format ion  on Jurassic and S i l u r i a n  f o s s i l  
c o l l e c t i o n s .  

GEOLOGY 

The bedrock geology o f  t he  west -cent ra l  Lake Clark  Quadrangle i s  
summarized on p l a t e  1 .  Rock u n i t s  inc lude Upper S i l u r i a n  greenstone i n  
the  nor th-cent ra l  p a r t  o f  the map area and pre-Cretaceous b i o t i t e  s c h i s t  
i n  the southeast p a r t  o f  the  map area. Northeast- t rending,  northwest- 
d ipping,  interbedded marine v o l c a n i c l a s t i c  sandstone, s i l t s t o n e ,  and sha le  
o f  probable Late Ju rass i c  age i s  present throughout t h e  map area. Late 
Cretaceous-Paleocene quar tz  monzonite, d i o r i t e ,  dac i te  porphyry, r h y o l i t e ,  
b a s a l t ,  and p y r o c l a s t i c  rocks i n t r u d e  and o v e r l i e  o l d e r  rocks. The no r the rn  
p a r t  o f  the map area conta ins  a conjugate system o f  nor theast  and northwest- 
t rend ing high-angle f a u l t s  (one o f  which shows evidence o f  Holocene d isp lace-  
ment). The geo log ic  map and exp lanat ion  i s  p re l im ina ry  and genera l l y  re -  
p o r t s  on ly  f i e l d  data, but  a l s o  inc ludes 8 K/Ar ages (see Table 1 f o r  
a n a l y t i c a l  data) .  Fur ther  pe t rograph ic  and geochemical s tud ies  a re  planned 
and w i l l  be inc luded i n  subsequent repo r t s  on the  area. 

?.. 
GEOCHEMISTRY 

A geochemical sampling program was c a r r i e d  out  i n  t h e  study area t o  a i d  
i n  eva luat ing  the  mineral  resource p o t e n t i a l .  One hundred t h i r t y  pan con- 
cent ra tes ,  325 stream sediment samples, and 81 rock c h i p  samples were c o l l e c t e d  
( p l a t e  2; t a b l e s  2-6).  Most o f  the  stream sediments and a l l  o f  t he  pan con- 
cent ra tes  were analyzed by t h e  U.S. Geological Survey f i e l d  l abo ra to ry  i n  
Anchorage, Alaska us ing  30-element semiquant i ta t ive  emission spectrographic 
and 5-element atomic absorp t ion  spectrophotometr ic analyses. Samples o f  
country rock, m ine ra l i zed  zones, and some add i t i ona l  stream sediment samples 
were analyzed by the  DGGS Minera ls  Laboratory i n  Col lege us ing  10 element 
atomic absorpt ion spectrophotometry. Most anomalies were ca l cu la ted  us ing  
cumulat ive frequency p l o t s  by methods descr ibed by L e p e l t i e r  (1969); some 
anomalies were obta ined by inspect ing  the  raw data. The s t a t i s t i c a l  
anomalies are  o n l y  approximate i n d i c a t i o n s  o f  m i n e r a l i z a t i o n .  Many  a anomalous" 
values may be t h e  r e s u l t  o f  highpbackground i n  the  count ry  rock o r  favorab le  
metal concent ra t ion  i n  a sample t h a t  does n o t  represent s i g n i f i c a n t  minera l iza-  
t i o n .  On the o t h e r  hand, more s u b t l e  anomalies could be t h e  geochemical 
s ignature  o f  s i g n i f i c a n t  mineral  depos i ts .  



MINERAL RESOURCES 

Several m ine ra l i zed  zones and pan concentrate and stream sediment 
anomalies conta in ing  copper, molybdenum, lead, s i l v e r ,  gold, tungsten, 
and t i n  a re  present i n  the  p r o j e c t  area. Only minimal fo l low-up work has 
been done on any o f  t he  prospects o r  anomal ies .  Porphyry o r  breccia p ipe  
m ine ra l i za t i on  i n  the  Lake Clark  B-5 Quadrangle appears t o  be low grade, 
and the ve in  depos i ts  and p lace r  go ld  depos i ts  i n  the Bonanza H i l l s  may be 
l i m i t e d  i n  ex tent .  The most s i g n i f i c a n t  minera l  i nd i ca to rs  may be t i n ,  
tungsten, gold, and copper anomalies i n  the  n o r t h  and east -cent ra l  Bonanza 
H i l l s .  Six  m ine ra l i zed  areas a re  described below. 

Copper-s i l ver  porphyry depos i t s  

Low-grade disseminated s u l f i d e  m i n e r a l i z a t i o n  w i t h i n  and adjacent t o  
a d a c i t e  porphyry o f  e a r l y  T e r t i a r y  age i s  present  a t  the Pass prospect i n  
the  western Lake C la rk  B-4 quadrangle ( p l a t e  1) j u s t  east o f  the  map area. 
D i s t i n c t i v e  orange-red gossans occupying s ~ v e r a l  square k i l omete rs  conta in  
s u l f i d e  pseudomorphs and p y r i t e  i n  a1 tereci i n t r u s i v e  rocl:. Typical  samples 
show secondary s i l i c i f i c a t i o n  and p r o p y l i z a t i o n .  Values of up t o  970 ppm 
copper and 66 ppm molybdenum were obta ined from samples a t  t he  sur face 
( p l a t e  2, map nos. 243, 244). S i m i l a r  values have been reported by i ndus t ry  
geo log is ts .  Fur ther  e x p l o r a t i o n  w i l l  be necessary t o  f u l l y  evaluate the  
depos i t .  S i m i l a r  bu t  smal ler  zones o f  lower grade m i n e r a l i z a t i o n  can be 
found i n  d a c i t e  porphyry i n  the  c e n t r a l  Lake Clark  8-5 Quadrangle. 

Bonanza-Ptarmigan Creek go ld- t in - tungsten p lacer  deposi ts  

Gold p lacers  on Bonanza Creek have been exp lo i ted  on a small scale s ince 
1912. Ter ry  and V i c t o r i a  G i l l  have operated a small scale p lacer  go ld  mine on 
Bonanza and Scenneva Creeks s ince 1957 us ing hyd rau l i c  and hand methods. Tota l  
product ion from the Bonanza Creek p lacers  probably does n o t  exceed 3,000 t r o y  
ounces o f  gold.  

Bonanza Creek v a l l e y  was g l a c i a t e d  du r ing  Wisconsin time;- g l a c i a l  e r r a t i c s  
have been reworked i n t o  the  Scenneva and Bonanza Creek f l u v i a l  deposi ts .  Work 
by Jasper (1961) i nd i ca tes  a poss ib le  dredgable p lacer  a long 8 m i les  o f  Bonanza 
Creek, which he c a l c u l a t e d  could conta in  18-20 m i l l i o n  cub ic  yards o f  gold-  
bear ing grave l .  L im i ted  d r i l l i n g  programs a t t e s t  t o  the presence o f  go ld  i n  
these gravels,  bu t  i t  i s  no t  poss ib le  t o  p r e d i c t  the grade o f  the  deposi t  a t  
t he  present time. Small scale go ld  min ing by the  G i l l s  w i l l  probably cont inue 
as i t  has i n  the  pas t .  Gold p lace rs  occur i n  var ious  gravel  deposi ts  o f  upper 
Ptarmigan Creek; however, they have been o n l y  l i g h t l y  prospected and probably 
have a lower p o t e n t i a l  than those o f  Bonanza Creek. 

The DGGS has discovered s i g n i f i c a n t  t i n  and tungsten values i n  heavy 
concentrates from G i l l ' s  go ld  mine on Scenneva Creek, where course f r a c t i o n s  
(+20 mesh) conta in  up t o  60 percent  c a s s i t e r i t e  (Sn02) and values o f  up t o  
1.36 percent tungsten. . 



Upper Bonanza Creek copper- lead-s i lver  ve in  deposi ts  

Quar tz -su l f ide  ve in  deposi ts  con ta in ing  te t rahedr i t e ,  arsenopyr i te,  
galena, and cha lcopy r i t e  c u t  ho rn fe l  sed sedimentary and vo lcan ic  rocks on 
a r i dge  i n  the  c e n t r a l  Bonanza H i l l s .  One w e l l  exposed ve in  system ( p l a t e  
2, map no. 130) i s  exposed as a 3 meter-wide zone o f  numerous quar tz  s u l f i d e  
' s p l a t t e r '  ve ins extending a t  l e a s t  150 meters along s t r i k e  and t o  a depth o f  
50 meters. Three channel samples across 3 meters of ve in  w id th  a t  the  r i d g e  
c r e s t  produced an average o f  3 ounces o f  s i l v e r  per ton and about 0.5 percent  
combined copper and lead. Two o the r  nearby veins ( p l a t e  2, map nos. 127-129) 
y i e l d  s i m i l a r  values, i n d i c a t i n g  a l a r g e r  area o f  s u l f i d e  ve in  m i n e r a l i z a t i o n .  
A t  l eas t  20,000 tons o f  su l f ide-bear ing  ma te r ia l  can be in fe r red ,  bu t  t h e  
grade appears t o  be low. 

North-centra l  Bonanza Hi,lls copper- t in- tungsten anomalies 

D i s t i n c t i v e  t i n  and tungsten values i n  pan concentrates o u t l i n e  the  border 
phases o f  the Bonanza p lu ton  i n  the  no r th -cen t ra l  Bonanza H i  11s ( p l a t e  2, map 
nos. 117, 159, 162, 163, 179). No lode d iscover ies  have been made but  a small 
s a t e l l i t e  body o f  two-mica quar tz  monzonite has been mapped i n  the  upper p o r t i o n  
o f  the east f o r k  o f  Bonanza Creek ( p l a t e  1 ) .  Disseminated c h a l c o p y r i t e  and 
p y r i t e  are  l o c a l l y  present i n  o t h e r  small p lu tons ,  p a r t i c u l a r l y  near the  
contac ts  w i t h  surrounding country rock. 

VABM T r a i l  go ld  anomaly 

Pan concentrates ( p l a t e  2, map nos. 185, 186) n o r t h  o f  VABM T r a i l  y i e l d  
s t rong go ld  anomalies, The reg ion around VABM T r a i l  i s  composed o f  a r h y o l i t e  
o r  d a c i t e  dome complex t h a t  l o c a l l y  conta ins  pronounced gossan zones. The en- 
t i r e  dome complex has undergone s e r i c i t i c  and s i l i c i c  a l t e r a t i o n .  Analyses o f  
rock samples from t h i s  area a re  n o t  a v a i l a b l e  a t  the present time. 

Upper Bonanza Creek g o l d  lode prospect 

Small zones o f  a rsenopyr i te  and s t i bn i te -bear ing  veins-.adjacent t o  a small 
quar tz  monzonite p l u t o n  i n  the  east -cent ra l  Bonanza H i l l s  have y i e l d e d  up t o  
1.25 ounces o f  go ld  per ton ( p l a t e  2, map no. 157). The bedrock I s  p o o r l y  ex- 
posed and a d d i t i o n a l  sampling i s  needed t o  evaluate the prospect.  
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Table 1 .  A n a l y t i c a l  data f o r  K-Ar age determinat ions1 

Sample No. Rock type 

77 BT 217 b i o t i t e  
quar tz  
monzon i t e  

77 BT 224 hornblende 
d i o r i t e  

77 E 217 b i o t i t e  
pyroxene 
granod ior i  t e  

K20 Samp 1 e 
Minera l  (weight weight 

dated percent) (grams) 

b i o t i t e  8.410 0.1053 

hor;bl ende 1.160 0.2264 
1 . I 6 0  
1.160 x= m 

h i n t i  te 9.060 0.1169 

4 0 ~ r r  d 4 0 ~ r r a d  4 0 ~ r  rad Age + 1 .  
. .--- (mol esqgm) 
40 

x 10- x VO-3 4 0 ~ r  t o t a l  . (m.7.) 

77 E 216 b i o t i t e  b i o t i t e  8.350, 0.1464 75.402 3 - 5 8 ]  0.635 60.2 + 1.8 - 
dac i t e  - 8.320 

I x = 8 . 3 3 5  

77 E 211 b i o t i t e  h i o t i  t e  8.723 0.1307 80.610 3.663 0.137 61.6 + 1.8 - 
granod ior i  t e  8.700 

X =  8.712 

K-Ar 6 hornblende b i o t i t e  6.457 0.1273 58.492 3 597 0.774 60.5 + 1.8 - 
b i o t i t e  - 6.417 
granod i o r  i t e  x = 6.437 

K-Ar 5 aug i t e  I I 

Ar s p l i t  1 andesi te 
porphry 

K-Ar 5 I I 

Ar sp l  i t  2 

l ~ n a l y s e s  by D.L. Turner, Geophysical I n s t i t u t e ,  U n i v e r s i t y  of Alaska, Fairbanks, AK 99701. 



Table 2 .  Atomic absorption analyses of  stream sediment samples ( i n  ppm), 
cent ra l  Lake Clark  Quadrangle, ~ l a s k a '  

Ha P 
No. 

Field 
No. 

77LC162 
77LC145 
77LC143 
77LC144 
77LC 166 
77LC 168 
77LC142 
77LC 167 
77LC 172 
77LC171 
77LC165 
77LC 164 
77LC150 
77LC 149 
77LC148 

85.00 
320.00 
100.00 
90.00 
go. 00 

160.00 
90.00 

340.00 
60.00 
60.00 
60.00 
60.00 
60.00 
65.00 
65.00 

l~tomic absorption spectrophotometric 
-80 mesh fractions analyzed only for 

analyses for all elements by USGS. 
all samples. 



Table 2 .  (page 2 of 4) 

Ma P 
No. 

059 
060 
06 1 
062 
063 
064 
065 
066 
067 
068 
069 
070 
07 1 
072 
073 

F i e l d  
No. 

77LC099 
77LC 100 
77LC070 
77LC 102 
77LC105 
77LCO75 
77LCO96 
77LCO95 
77LCll3 
77LC112 
77LC094 
77LC076 
77LC 1 06 
77LC077 
77LC078 



Table 2 .  á� age 3 

Ma P 
No. 

188 
189 
190 
191 
192 
193 
194 
195 
199 
200 
203 
205 
206 
207 
2 08 

2 09 
210 
21 1 
212 
213 
214 
215 
2 16 
217 
218 
2 19 
220 
22 1 
222 
223 

224 
225 
226 
227 
228 
229 
231 
2 32 
233 
234 
235 
236 
237 
238 
2 39 

24 1 
2 42 
245 
248 
249 
250 
251 
253 
254 
255 
256 
257 
258 
259 
260 

F l e l d  
No. 

77LC 194 
77LC191 
77LC 192 
77LC 193 
77~C208 
77LC207 
77Lc206 
77LC205 
77LC185 
77LC186 
77LC187 
77LC013 
77LC054 
77LCO53 
77LC019 

77LCO14 
77LCO18 
77LC017 
77LCO16 
77LC015 
7 7 ~ ~ 0 0 8  
77LC.026 
77LC007 
77LC006 
77LC052 
77LC005 
77LC009 
77LCOl l 
77LC012 
77LCOlO 

77LCOOl 
77LC004 
77LC051 
77LC003 
77LC002 
77LC038 
77LC028 
77LC027 
77LC025 
77LC024 
77LC023 
77LC057 
77LC022 
77LC029 
77LC058 

77LC030 
77LC02 1 
77LC056 
77LC020 
77LC055 
77LC059 
77LC037 
77LC034 
77LC035 
77LC133 
77LC132 
77LC I58  
77LC130 
77LC068 
77LC036 

55.00 
65.00 
80.00 
50.00 
go. 00 
90.00 
70.00 
60.00 
70.00 

130.00 
75.00 
60.00 
95.00 
70.00 
90.00 



Tab le  2.  (page 

Hap 
No. 

767 
Lbj  
267 
269 
270 
271 
2 72 
275 
276 
277 
278 
279 
280 
28 1 
282 

283 
284 
285 
286 
287 
288 
289 
290 
29 1 
292 
293 
294 
295 
296 

F i e l d  
No. 
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Table 4. Analyses o f  a d d i t i o n a l  stream sediment samples ( i n  ppm) i n  t h e  
Bonanza H i  11 s  area Lake C l a r k  Quadrangle, ~ l a s k a l  

Ma P F i e l d  
No. No. Au Ag C u  Pb Z n Mo Sb W N i Th 

l ~ t o m i c  abso rp t i on  spec t ropho tome t r i c  analyses f o r  a1 1 e lements excep t  Th by Nick i  
Coursey; f l o u r o m e t r i c  methods f o r  Th by Henry Potworowski, DGGS M i n e r a l s  Labora to ry .  

ND - Means below the l i m i t  o f  d e t e c t i o n  o f  75 ppm. -- - Means n o t  analyzed. 

-80 mesh f r a c t i o n s  ana lyzed  o n l y  f o r  a1 1 samples. 
-under l ined  va lues a r e  anomalous. 
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