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Distribution of Gold and Some Base Metals in the Slana Area, 

Eastern Alaska Range, Alaska 

By Donald H. Richter and Neal A. Matson, Jr. 

Abstract 

In the Slana area of the eastern Alaska R a n g e ,  Paleozoic and 
Mesozoic sedimentary and volcanic rocks have been extensively 
intruded by two suites of igneous rocks, onedioritic and one quartz 
monzonitic. Anomalous concentrations of gold and copper a r e  as- 
sociated wirh diorite-quartz diorite intrusives, a s  indicated by 
stream-sediment and bedrock samples, and anomalous concentra- 
tions of lead-zinc and lead-molybdenum a r e  associated with the 
z o n e d  Ahtell Creek quartz monzonite-granodiorite pluton. Metal 
concentrations a s  high a s  7 ppm (parts per million) gold, 365 ppm 
zinc, 250 ppm lead, and 25 pprn molybdenum have been found in 
the stream sediments. The distribution of gold in bedrock follows 
very closely the pattern shown by thestream-sediment data. Ran- 
dom samples of dioritic rocks and their hypabyssal equivalents, 
from areas drained by streams anomalously high in gold, contain 
a s  much a s  0.3 ppm gold. Thedata suggest that ( I )  placer gold de- 
posits may be present in s treams draining the p r  i n c i p  a 1 area 
anomalous in gold and (2) bedrock sources of the anomaly should 
be evaluated a s  possible low-grade disseminated gold deposits. 

INTRODUCTION 

Tne Alaska Division of Mines and Minerals made 
geologic and geochemical studies of the Slana area of 

I the eastern Alaska Range from 1963 to 1966. T h e  s e 
studies resulted in a geologic report (Richter, 1966) 
and in the identification of two base-metal anomalies 
(Richter, 1$65). The investigations were continued and 

I extended by the U.S. Geological Survey in 1967 a s  part 
of i ts  Heavy Metals programparticularly to determine 
the relationship of gold to the geologic setting. Gold 
analyses made on all the stream-sediment samples 
and many rock samples collected during the State- 
sponsored studies disclosed sev%eral gold anomalies 
and the fact that the geologic associations of gold a r e  
markedly different from those of the base metals. This 
report presents all the newly available data on gold 
distribution a s  related to geology of the Slana a r e a  
together with a review of the published d a t a on the 
base metals. 

The Slana area,  as  informally r e f e r r e d to here, 
covers approximately 240 square miles on the south 
flank of the eastern Alaska Range, mostly between 
the Chistochina and Slana Rivers (fig. 1). It includes 
par ts  of the Gulkana C-1 and D-1 and che Nabesna 
C-6 and D-6 quadrangle maps (scale 1:63,360). The 
Tok Cutoff of the Glenn Highway runs about 26 miles 
through the area and affords relatively easy access 
to most of the back country. 

GEOLOGIC SETTING 

The Slana area lies south of the D e n a l  i fault, a 
major trans-Alaska strike-slip lineament, in aregion 
of upper Paleozoic and Mesozoic sedimentary andvol- 
canic rocks that have been intruded by two composi- 
tionally and texturally distinct groups of igneous rocks. 
A generalized stratigraphic column andbrief descrip- 
tion of the bedded rocks a r e  given below. 

i!E Description 

Cretaceous and Jurassic - - - A r g i 11 i t e containing 
i n t e r b e d d e d  silt- 
s t o n e , g r a y w a c k e ,  
a n d conglomerate. 

Angular unconforrnity. 

permian - - - - - - - - - - - - Amygdaloidal b a s a 1 t 
c o n t a i n i n g  inter- 
b e d d e d limestone, 
b a s a l t ,  and lime- 
stone conglomerate. 

Unconformity. 

Permian .. - - - - - - - - - - - Limestone, argillite, 
and m i n o r  coarser 
g r a i n e d  c l a s t i c  
r o c k s (Mankomen7 
Formation). 

Permian - - - - - - - - - - - - Volcaniclastic r 0 c k s 
c o n t a i n i n g  minor 
i m p  u r e limestone. 

Permian and 
Pennsylvanian(?) - - - - - - - Andesitic v o 1 c a n i c 

r o c k s ,  i n c l u d i n g  
f l o w s ,  t u f f s  a n d  
breccias, mud-ava- 
lanche deposits, and 
volcaniclastic rocks. 

T h i s sedimentary and volcanic sequence, except 
for some of the younger Mesozoic r o c k s .  was in- 
truded by a large heterogeneous diorite-quartz dio- 
r i te complex and a number of satellitic(?) b o d i e s  
whose composition was similar but also i n c 1 u d e d 
granodiorite, gabbro, and anorthosite. A more alkalic, 
zoned pluton of quartz monzonite and granodiorite, 



termed the Ahtell Creek pluton in previous r e p o r t s ,  
intruded the Permian volcanic and volcaniclastic rocks 
in the western part of the area. Both groups of in- 
trusive igneous rocks a re  younger than Permian and 
probably older that Late Jurassic, although neither 
their absolute nor relative age i s  well known. 

The structural grain of the area, revealed by faults, 
fold axes, bedding, and orientation of s o m e  of the 
dioritic intrusives, parallels the northwestward trend 
of the Alaska Range and i ts  tectonic elements. Only 
the Ahtell Creek pluton, which trends northwar'd, ap- 
pears to be discordant with the regional structure. 
Bedding and flow layering in most of the rocks dip at 
moderate angles to the northeast toward the Denali 
fault. 

ECONOMIC GEOLOGY 

Prospecting has been carried out in the Slana area 
since before the turn of the century, and between then 
and the earlp 1930's a number of argentiferous base- 
metal quartz veins were discovered. Placer gold was 
also discovered during the early prospecting. Figures 
4-8 show the distribution of gold and base metals in 
the area. The letters and numbers used with refer-  
ences to figures in subsequent sections a r e  map co- 
ordinates. 

I t  was not until 1934 that a placer deposit on Grub- 
stake Creek (fig. 4, D-3) was exploited commercially 
(Moffit, 1938, p. 48-50). This placer deposit and an- 
other on Slope Creek (fig. 4, D-4), which drains the 
same general area, have been worked intermittently 
since then. Total gold production from these two de- 
posits probably has been less than $30,000, and at 
present (1968) both properties a r e  inactive. There i s  
no recorded production from any of the veins in the 
area;  however, two prospects, the Silver Creek (figs. 
4-8, F-3) and the Silver Shield (figs. 4-8, E-4), a re  
currently being explored. 

The veins and the lead, zinc, and m o 1 y b d e n u m 
anomalies a r e  spatially and apparently genetically 
r e 1 a t  e d to the Ahtell Creek q u a r t  z monzonite- 
granodiorite pluton. These veins and anomalies in- 
dicative of possible mineral deposits occur chiefly 
in the fine-grained border zone around the southern 
l o  b e  of the pluton and in adjacent hornfels country 
rock. Most of the veins a re  thin simple hydrothermal 
fissure fillings which a r e  dominantly massive white 
quartz and locally minor barite and carbonate min- 
era ls  and scattered crystals or segregations of galena, 
chalcopyrite, sphalerite, and a r g e n t  if  e r o u s tetra- 
hedrite. In the strongly altered area south of L o n g  
Lake (figs. 4-8, C-2), small scattered flakes of mo- 
lybdenite a r e  associated with quartz, p y r i t  e, and 
sericite. 

The placer gold in Grubstake and Slope Creeks i s  
fine grained and wiry and shows no evidence of lengthy 
transport. Earlier it had been thought that the gold 
was also derived from lode deposits within the border 
zone of the Ahtell Creek pluton (Richter, 1965); how- 

ever, the data presented here suggest that the gold is 
not associated with this pluton but rather w i t h  the 
more mafic diorite-quartz diorite intrusives. 

GEOCHEMISTRY 

The geochemical data presented in this report a r e  
based on the chemical and spectrographic analyses 
of 258 samples of stream sediments and 105 samples 
of rock collected between 1963 and 1967. These data 
show anomalous concentrations of gold and base metals 
in many stream sediments throughout the Slana area 
and define a number of anomalies which may be sig- 
nificant. Emphasis i s  directed toward thegold anoma- 
l ies and the distribution of gold in the country rock; 
the base-metal a n  o rn a 1 i e s have been discussed in 
earlier reports (Richter, 1965, 1966), and only abrief 
review of their salient features i s  presented here. 

Sample locations for both stream sediments and 
rocks a r e  shown in figure 2. Analytical results a re  
given in tables 1 and 2 and a r e  shown on the metal- 
distribution maps (figs. 4-8). 

Sampling and Analytical Procedures 

Stream-sediment sampies were collected from ac- 
tive streams at si tes yielding a s  much fine material 
a s  possible. Copper, lead, zinc, and molybdenum ana- 
lyses were made on the -80-mesh fractionofall sam- 
ples by a number of laboratories using colorimetric, 
atomic-absorption, o r  spectrographic techniques (see 
headnote, table 1). Gold analyses were also made on 
the -80-mesh material by Geological Survey labora- 
tories using a hydrobromic acid extraction and atomic- 
absorption spectrophotometry. For samples weighing 
10 grams o r  more the lower limit of determination 
for gold was 0.02 ppm (parts per million). However, 
many samples weighed less than 10 grams, and for 
these, 5-, 2-,  or even I-gram amounts were used; 
these small samples raised the lower limit of derer- 
mination to 0.04, 0.1, and 0.2 ppm gold, respectively. 
Hence, not all gold values a r e  directly comparable, 
and it i s  very probable that many of the small samples 
contain gold in concentrations e x  c e e d i n g 0.02 ppm. 

The 105 rock samples analyzed for gold were se- 
lected from available specimens in an attempt to in- 
sure  a representative suite of the various rock types 
and to give a s  much geographic coverage a s  possible. 
'The samples were crushed, ground to -150 mesh, and 
analyzed by the same method used for the stream Bedi- 
ments. Ten grams of material was available for all 
the rock analyses. 

Background and Anomalous Concentrations of Metals 

Data on the concentration of gold, copper, lead, zinc, 
and molybdenum in the rocks and stream sediments 
of the Slana area a r e  summarized in table 3 and com- 
pared with average crustal abundance8 of these ele- 
ments. 

These data indicate that the Slana area a s  a whole 
is not anomalous with respect to any of the analyzed 
elements. All the elements-with the possible excep- 



tion of gold, for which data below a concentration of 
0.02 ppm a re  not available-generally occur in concen- 
trations of the same order of magnitude a s  their es- 
timated abundance in the earth's continental crust. 
Moreover, both the mode (most frequent concentra- 
tion) calculated from stream-sediment samples and 
the mean and mode calculated from rock samples for 
the four base metals a r e  virtually the same. The ap- 
parent low mode for copper in rocks may be due to 
limited rock-sample data. 

In this report, concentrations of copper, lead, zinc, 
and molybdenum approximately t h r  e e timcs mean 
background or more a r e  considered anomalous; these 
concentrations a r e  for copper, 150 ppm; lead, 30ppm; 
zinc, 180 ppm; and molybdenum, 6 ppm. These values 
correspond r o ugh  1 y to the break point on the log- 
normal frequency distribution curves of the m e t a 1 s 
in stream sediments of the Slana area (Kichter, 1966). 
For gold the lower limit of detection, or 0.02 ppm, i s  
considered anomalous. 

Distribution of Metals in Stream Sediments 

The hornblende diorites in both these anomalous areas  
a r e  locally pyritized and conspicuously 1 i m o n i t  e 
stained. The single copper anomaly in the northeast 
part  of the area (fig. 5 ,  A-9) i s  on a stream draining 
cupriferous amygdaloidal basalts and i s  the only anorn- 
aly not known to be related to intrusive rocks. 

'l'he distribution of gold in the Slana area,  a s  de- 
fined by the analyses of stream sediments, shows, 
likc c o p p e r ,  a marked association with the diorite 
intrusives and with a few exceptions does not corre- 
spond to the distribution of the other base m e t  a 1 s. 
Of more than 30 streams with detectable gold, only 
five drain the quartz-vein-rich border zone of the 
Ahtell Creek pluton and its peripheral hornfels zone. 
Threc of these, including one with the s t  r o n  g e s t 
stream-sediment anomaly detected (7.1 ppm gold), 
a r e  in an area where dioritic rocks alsooccur (fig. 4, 
F-2). 

The strongest and most conspicuous gold anomaly 
is southwest of Indian Pass  Lake (fig. 4, C-4, -5 and 
D-4) in an irregular area underlain by a number of 
small hornblende diorite intrusives and i s  coincident 

The two conspicuous base-metal anomalies in the with the strong copper anomaly. S e d i m e n t s  in 13 
area, mentioned and described previously (Richter, streams draining the area contain more than 0.02 
1965, 1966), a r e  obvious from inspection of the metal 

ppm gold, and sediments in three of these contain 2 distribution maps. The 1 a r g e s t of these i s  a lead- 
pprn gold. The local placer g o l d  in Grubstake and mol~bdenum in the vicinity Of Long L a k e  Slope Creeks apparently also has its source in this 

(figs. 6 and 8, C- 1, -2, and D-I, -2). Slightly anoma- area and not in the nearby border zone of the Ahtell 
lous zinc c o n  c e n  t r a t  i o n  s were detected in a few Creek pluton, a s  previously thought. Surprisingly, the 
streams, but the Of One copper sediments in Grubstake Creek, the larger of the two 
was not present in amounts much above background. placer deposits, a r e  only moderately enriched in gold 
The other anomaly, high in lead and zinc, i s  south of (0.04 ppm, sample 94), and this fact suggests that some 
Flat Creek (figs. 6 and 7,  E-2 and F-2). Both anoma- other streams, which show much higher gold concen- l ies a r e  largely within the border zone of the Ahtell 

trations, could also contain gold placer deposits. Creek pluton. Conspicuous quartz-pyrite alteration 
zones, some a s  large a s  5 acres  in extent, and a few Elsewhere in the area anomalous concentrations of 
thin quartz-sulfide veins a r e  exposed near Long Lake. gold occur principally along the southwest border of 
The Flat Creek anomaly, which i s  currently being ex- the large diorite-quartz diorite complex (fig. 4 ,  B-5 
plored by private industry, i s  in an area of low relief and C-6), southeast of the Slana River around an a r -  
and extensive tundra cover, and no mineralized out- cuate quartz diorite i n  t r u s i v e (fig. 4 ,  13-8, -9 and 
crops were found. E-8). and west of Ahtell Creek near a small diorlte 

intrisive (fig. 4, B-3). These t h r e e  anomalies a r e  West of Ahtell Creek a number of streams draining defined by only a few stream-sediment samples with 
the border 'One of the Ahtell Creek pluton contain 

gold concentrations generally well below 2 ppm and slightly anomalous a m o u n t  s of one or more base 
a r e  not nearly a s  promising a s  the a n o m  a1 y near metals. The relatively high concentration of lead in 
Indian Pass Lake. E-4 (fig. 6) i s  on a small stream draining the Silver 

Shield silver-lead prospect. Distribution of Gold in Rocks 

Copper i s  rather widely distributed throughout the Gold analyses on 105 r o c k s  collected throughout 
area and shows a closer spatial association with the the area a s  representative geologic samples-not a s  
diorite-quartz diorite intrusives than with the Ahrell o re  mineral samples-show a golddistributionpattern 
Creek plucon. Anomalous concentrations of copper similar to that shown by the stream-sediment data. 
occur sporadically along the entire southwest flank of Gold analyses of rocks a re  1 i s t  e d  in t a b l e  2 and 
the large diorite-quartz diorite mass and l o c a l l y  plotted on the gold distribution map (fig. 4). 
around a number of the smaller dioritic intrusives 
(fig. 5). The strongest anomaly, which shows concen- Only 11 of the rocks analyzed c o n  t a i n detectable 

trations a s  high a s  400 ppm, i s  southwest of Indian gold (0.02 pprn or more), and all these a r e  diorites, 
quartz diorites, o r  hornblende-feldspar porphyries Pass  Lake (fig. 5, C-4, -5 and D-4) in an area of 
believed to be hypabyssal equivalents of the dioritic numerous small hornblende-diorite intrusives. An- 
rocks. Moreover, none of the rocks containing de- other small hornblende-diorite intrusive in R-2 and 
tectable gold ie from an area outside the anomalies C-3 i s  also the apparent source of a smaller anomaly. 



defined by the stream sediments. In particular, the 
anomaly southwest of Indian Pass  Lake includes the 
most rock samples (seven) showing enrichment in 
gold ~ n d  also the sample with the highest- gold con- 
tent (0.3 ppm, sample K60). Two diorite s a m p  1 e s 
from the anomalous area in B-5 (fig. 4) a r e  enriched 
in gold, a s  a re  two quartz diorite samples from the 
anomalous area southeast of the Slana River. Many 
of the rocks containing detectable gold also c o n  t a i n 
disseminated pyrite, but pyrite is common i n  intr usive 
rocks in the area and probably i s  equally or m o r e 
abundant in some of the analyzed quartz monzonite- 
granodiorite rocks and hornfels. 

ECONOMIC POTENTIAL 

The gold geochemical anomaly in the central part 
of the Slana area  appears to warrant further explora- 
tion. Sediments in at least three streams draining the 
anomalous area contain in excess of 2 ppm gold, a 
fact suggesting the presence of local placer deposits. 
However, it i s  probable that the original lode gold 
(possibly In quartz veins) was coarse enough to sup- 
ply material for workable placer deposits only in the 
restricted area in the border zone of the Ahtell Creek 
pluton at the head of Grubstake and Slope Creeks. If, 
a s  seems !ikely, the gold i s  disseminated throughout 
the diorites, gold particles intheother streamsdrain- 
ing the anomalous area may be extremely finegrained 
and not recoverable by conventional placer mining. 

The possibility of a large low-grade lode d e p  o s i r  
within the apparent dioritic source rocks of theanom- 
aly should not be discounted. Detailed sampling of the 
dioritic intrusives, especially the more pyrite-rich 

areas,  rn y reveal gold concentrations higher than the 
0.3 ppm found in this reconnaissance sampling of the 
bedrock. 

Uiorite and quartz diorite intrusives a r e  not re- 
stricted to the Slana area of the eastern Alaska Range 
but a re  known to occur throughout the range from west- 
ern  Alaska through Canada to southeast Alaska. h many 
areas  these dioritic r o c k s a r e  conspicuously altered 
and (or) contain abundant disseminated sulfides. How- 
ever, little i s  known concerning the gold content of 
these rocks. One area in which gold deposits seem to 
be genetically related to diorite i s  in the Chulitna dis- 
trict of the central Alaska Range, where Ross (1933) 
reported that some of the lodes a r e  disseminatediron 
sulfide deposits in diorite porphyry. 
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Table 1.--Gold and base-metal conten t  of s t ream sediments 

[N, not d e t e c t e d  (below v a l u e  shown i n  paren theses) .  Ins . ,  i n s u f f i c i e n t  
sample for  a n a l y s i s .  Analysts:  Gold, a l l  samples (atomic a b s o r p t i o n ) ,  
W. L. Campbell, R. t. M i l l e r ,  M. S. Rickard, and T. A. Roemer; base  meta l s ,  
samples (map No.) 210, 211, 232-234, 239, 244-247 ( s e m i q u a n t i t a t i v e  spec- 
t r o g r a p h i c ) ,  K, J. Curry and R. T. Hopkins; base m e t a l s ,  a l l  o t h e r  samples 
( c o l o r i m e t r i c  and atomic a b s o r p t i o n ) ,  v a r i o u s  ( s e e  R i c h t e r ,  1965, 196611 

Map No, Sample No. Sample Concentrat ion (ppm) 
(fig* 2 )  weight  

Laboratory F i e l d  (8) Au Cu Pb Zn Mo 



Table 1.--Gold and base-mtal content of stream sediments--Continued 

Map No. Sample No. Sample Concent rat ion (ppm) 
( f i g .  2) weight 

Laboratory Field (R) Au Cu Pb Zn Mo 

2 
10 
10 

2 
5 

5 
10 
2 
2 

Ins. 

10 
2 
2 
2 
1 

2 
5 
2 

Ins. 
2 

2 
2 
1 
1 
2 

10 
2 
2 
1 
10 

10 
2 
10 
10 
10 

5 
5 
5 
2 
2 

2 
10 
5 
10 
Ins. 

5 
2 
2 
10 

2 



Table 1.--Gold and base-meCal content of stream sediments--Continued 

Map No, Smule No. Sample Concentration (ppm) 
(f ig. 2) weight 

Laboratory Field ( 9 )  Au Cu Pb Zn Mo 

Ins, 
2 
5 
5 
5 

1 
2 
5 
5 
5 

10 
5 

10 
5 

10 

10 
5 

Ins.  
Ins 

2 

5 
10 
5 
5 
5 

5 
10 

2 
5 
5 

5 
5 
1 
5 

10 

10 
2 
5 
2 
2 

5 
5 
2 
5 
2 

10 
10 

2 
2 
1 



Table 1.--Gold and base-metal content o f  stream sediments--Continued 

Map No. Samula No, Sample Concentration (ppm) 
( f ig .  2) weight 

Laboratory F i e l d  ( 8 )  Au Cu Pb Zn Mo 



Table 1.--Gold and base-metal content of stream sediments--Continued 

Map No. Sample No. Sample Concent rat ion Cpgm) 
( f i g .  2) weight 

Laboratory Field (d Au Cu Pb Zn Mo 

10 N( .02) 
10 N( ,02) 

Ins. --- 
5 N( .04) 

10 N( .02) 



Table 1.--Gold and base-metal content o f  stream sediments--Continued 

Map No. Sample No. Sample concentration (ppm) 
(fig. 25 weight 

Laboratory Field ( R) Au Cu Pb Zn Mo 

2 
10 
5 
10 
10 

5 
10 
5 
5 
5 

10 
Ins. 
Ins. 



Table 2.--Gold conten t  of rocks  

[Only rocks c o n t a i n i n g  0.02 ppm o r  more gold a r e  l i s t e d ,  Analysts  (atomic absorp t ion)  r 
M. S. Rickard,  W. L, Campbell, and K. L. M i l l e r ]  

Map NO, S m l e  No. Concentrat ion (ppm) Descr ip t ion  of rocks 
( f i g .  2) 

Laboratory F ie ld  AU 

R40 ACH-739 5D-32 0.04 Hornblende-feldspar porphyry dike.  

06 Hornblende-feldspar porphyry d i k e  
wi th  d i ssemina ted  p y r i t e .  

P o r p h y r i t i c  hornblende d i o r i t e  wi th  
disseminated p y r i t e .  

Hornblende-feldspar porphyry d ike ,  
h i g h l y  ep idot ized .  

K5 4 721 322 .02 Hornblende-biot i te  d i o r i t e .  

R5 5 723 324 .02 Hornblende-feldspar porphyry dike.  

RbO 685 63-A-606 .3 Hornblende d i o r i t e  w i t h  minor d i s -  
seminated p y r i t e .  

Hornblende d i o r i t e  w i t h  d i ssemina ted  
p y r i t e .  

R85 731 336 ,02 Hornblende d i o r i t e .  

$02 Quartz d i o r i t e  w i t h  z i ssemina ted  
p y r i t e .  

Hornblende-quartz d i o r i t e  w i t h  d i s -  
seminated p y r i t e .  



Table 3.--Concentration of ¨ old and base metals 

Element 

- - - - . . -. 

Concentration (ppm) 

Crustal 
~verage l  Slana area 

ROC$ Stream sediments3 

Range Mean Mode Mode 

' ~ f t e r  Taylor (1964). 

'Gold based on 105 samples ( this  report ) ;  copper, lead, zinc, and molybdenum 
based on 34 samples (Richter, 1966) .  

3~aaed on 384 samplea (Richter, 1966) including the 258 samples for which data 
are presented in t h i s  report, 
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