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IMTROWCTION 

Geochemical studies of Alaskan gold deposits were begun i n  1984 as a 
j o i n t  study by the U.S. Geological Survey and the State of Alaska D iv i s ion  o f  
Geological and Geophysical Surveys. The object ives o f  the study are (1) t o  
character ize the deposits, (2) t o  determine re lat ionships o f  gold i n  p lacer  
deposits t o  possible lode sources, (3) t o  i den t i f y  possible sources o f  gold i n  
p lacer  deposits, (4)  t o  study processes o f  placer formation, (5) t o  contr ibute 
t o  e x i s t i n g  knowledge o f  the pr inc ip les  o f  prospecting f o r  placer deposits, 
and (6) t o  determine if minerals associated w i th  placer deposits might suggest 
economic deposits o f  other metals. The purpose o f  t h i s  repor t  i s  t o  release 
both the ana ly t i ca l  data and gold signatures f o r  placer and lode gold samples 
co l lec ted  from placer and lode gold deposits o f  the Fairbanks mining d i s t r i c t  
i n  Alaska. Gold signatures comprise the a l l o y  proportions and r a t i o s  o f  gold, 
s i  lver ,  and copper, and the content o f  t race elements (Antwei l e r  and Campbell, 
1976). 

SACIPLIffi A)(D ANALYTICAL PROCEDURE 

Placer and lode gold samples were obtained from most o f  the ac t ive  claims 
i n  the Fairbanks mining d i s t r i c t .  A t  some loca l i t i es ,  miners provided us w i t h  
ample sample amounts f o r  analysis and a t  other l o c a l i t i e s  the samples were 
co l lec ted  by the USGS. To determine whether di f ferences i n  composition could 
be corre lated w i th  physical at t r ibutes,  som o f  the samples were sorted based 
on physical appearances. Some were sieved i n t o  two or  more size ranges; 
others were separated by color; and some were separated on the basis o f  other 
physical character is t ics,  e.g., rounded, angular, blocky, del icate, etc. 
Descr ipt ive information, when available, i s  included i n  tab le  1. I f  no 
descr ip t i ve  information i s  provided, the samples were generally small, and no 
sor t ing  o f  ind iv idua l  grains was attempted p r i o r  t o  analysis. 

A t o t a l  o f  333 emission spectrographic analyses using a technique 
described by Mosier (1975) were made on samples from 54 mines and prospects. 
These are the numbered s i t es  on the sample l o c a l i t y  map ( f i g .  1) and 
correspond t o  the l o c a l i t y  index ( tab le  1). The elements analyzed and t h e i r  
lower l i m i t s  o f  determination are l i s t e d  on tab le  2. Spectrographic r e s u l t s  
were obtained by v isual  comparison of spectra derived from the sample against 
spectra obtained from standards made from pure oxides, graphite, and 99.999 
percent pure me ta l l i c  gold. Pure A1203 was added t o  the standards and samples 
as a c o d i s t i  1 l a t i o n  agent. Standard concentrations are geometrically spaced 
over any given order o f  magnitude o f  concentration as fol lows: 100, 50, 20, 
10, and so forth. Samples whose concentrations are estimated t o  fa1 1 between 
those values are assigned values o f  70, 30, 15, and so fo r th .  Standard 
concentrations are based on a 5-mg gold sample weight. Because o f  the nature 
of na t ive  gold, i t  i s  o f ten  d i f f i c u l t  t o  weigh exact 5-mg samples and i n  many 
instances there i s  less than 5-mg o f  gold avai lab le f o r  analysis. Therefore, 
the reported concentration values ( table 2) are corrected t o  r e f l e c t  a 5-mg 
sample weight by the fo l lowing f o r m l a :  

reported concentration value = determined value x 5 mg 
sample weight i n  mg 

As a resu l t ,  samples i n  table 3 t ha t  have a sample weight >5 mg may show 
values below the lower l i m i t  of determination l i s t e d  i n  Table 2. 





EXPLANAT ION 

.3--Locality where placer sample were collected. 
X7--Local i ty where lode gold sample were collected. 

Local 1 ty  Index 

1 Scrafford Mine 
2 Vault Creek 
3 Dome Creek 
4 Stemboat Creek 
5 Ralnbow Lode 
6 Skoagy Gulch, ve in  
7 Lw i s  Creek 
8 Last Chance Creek, I 
9 Last Chance Creek, I1 
10 Newsboy Mine 
11 Cleary Creek, lower 
12 Clcary Creek. upper I 
13 Cleary Creek, upper I 1  
14 Cleary HI11 Lode I 
15 Cleary Hi11 Lode I 1  
16 Bedrock Creek 
17 Chatham Creek, lower 
18 Chathm Creek, upper 
19 Wolf Creek 
20 Christina Vein 
21 m r i c a n  Eagle Vein 
22 McCarty Mine 
23 St ra igh t  Moose Creek 
24 Blue Bow Lode 
25 H1 Yu Mlne, Ta i l ings  
26 H i  Yu Mine 
27 Falrbank Creek 
28 Falrbank Creek, near Mechan 
29 Ester Creek 
30 Eva Creek 
3 1 Ryan Lode 
32 Lookout Shear Zone 
33 S t  Patr ick Lode 
34 Grant Mlne 
35 Cl ipper Mine 
36 Ad1 e r  Lode 
37 Eng lneer Creek 
38 Goldstream Creek, lower 
39 Fox Creek 
40 Goldstream Creek, middle 
4 1 F i r s t  Chance Creek 
42 Pedro Creek 
4 3 Pedro Creek a t  Pedro Monumnt 
44 Evening Star Creek 
4 5 G i l m r e  Creek, above Hi 11 Creek 
46 Nugget Creek, upper 
47 H i l l  Creek 
48 Nugget Creek, middle 
49 Nugget Creek, lower 
50 Smal lwood Creek 
5 1 V i c t o r l a  Creek 
52 Ye1 low Pup Creek 
53 Fish Creek 
54 Last Chance Gulch 



The trace-element content o f  natural  gold varies great ly  from g ra in  t o  
g ra in  as we l l  as from deposit t o  deposit and t h i s  creates a problem i n  
determining the prec is ion o f  the ana ly t i ca l  technique. However, studies using 
a r t i f i c i a l  melts show tha t  the prec is ion of the ana ly t i ca l  method f a r  exceeds 
the natura l  variance o f  t race elements i n  nat ive gold (Mosier, 1975). 

RELIABILITY OF 60LD ANALYSES 

Differences i n  the composition of nat ive gold from d i f f e r e n t  geological 
se t t ings  can be read i l y  dist inguished using the analyt ica l  procedures 
mentioned above i f  enough analyses are made t o  ascertain the magnitude of 
natura l  var ia t ions i n  gold samples. I n  t h i s  study, f i ve  o r  more spectro- 
graphic analyses f o r  a s ingle sample s i t e  were found t o  be desirable i n  
obta in ing a r e l i a b l e  signature. However, i n  the context of many other 
analyses from t h i s  d i s t r i c t ,  a s ingle analysis i s  s t i l l  o f  value. 

The composition o f  nat ive gold varies considerably ( f o r  example, see Gay, 
1963; Jones and Fleischer, 1969). Variat ions i n  composition are present even 
from po in t  t o  po in t  w i th in  the same gra in  (Desborough, 1970). Nat ive gold i n  
oxidized zones and i n  associated placers general ly contains lesser amounts o f  
s i l v e r  and other elements compared w i th  the nat ive gold i n  the corresponding 
primary deposits; w i t h i n  some speci f ic  deposits, s ingle p a r t i c l e s  o f  na t i ve  
gold are r e l a t i v e l y  homogeneous, but i n  other deposits the na t ive  gold i s  
heterogeneous (Boyle, 1979). Even when heterogeneous, gold compositional data 
are useful  i n  character iz ing condit ions of ore deposit ion and are o f ten  
l o c a l l y  d l  s t i n c t i v e  fo r  mines, d i s t r i c t s ,  or  regions. Moreover, they are 
useful  i n  determining the re lat ionships of gold i n  placer deposits t o  possible 
lode sources, and i n  meeting the other object ives stated i n  the in t roductory 
sect ion o f  t h i s  report .  

The natura l  v a r i a b i l i t y  o f  composition f o r  Ag and Cu i n  gold from a 
s ing le  l o c a l i t y  was determined by repeatedly analyzing por t ions of ind iv idua l  
nuggets (Mosier, 1975; Antweiler and Campbell, 1987). The s i l v e r  content o f  
one such nugget ranged from 4.7 t o  8.1 percent i n  four analyses w i th  a mean 
s i l v e r  content of 5.7 percent, and a standard deviat ion (S.D.) o f  21.6 percent 
and the copper content o f  t h i s  nugget ranged from ,048 t o  .08 percent w i th  a 
mean copper content of ,062 percent, and a standard deviat ion o f  2.0144 
percent. Replicate analyses o f  port ions o f  another nugget from the same 
l o c a l i t y  showed s i l v e r  content ranging from 18.9 t o  19.8 percent, a mean 
s i l v e r  content of 19.3 percent, and a standard deviat ion o f  20.56 percent; and 
copper content ranging from .038 t o  -055 percent, a mean o f  ,047 percent, and 
a standard deviat ion of 2.012 percent. These resu l t s  ind icate considerable 
natura l  v a r i a b i l i t y .  Another nugget from the same l o c a l i t y  was washed w i t h  
hydrof luor ic  ac id t o  remove surface coatings, then heated t o  1300 "C f o r  30 
minutes t o  homogenize s i l v e r  and copper content. Analyses o f  ten  5-mg 
port ions o f  t ha t  nugget each time showed excel l en t  precision; 10 percent 
s j  l v e r  (S.O.=O), and 0.05 percent copper (S.D.=O). Without acid washing and 
heat t rea t ing ,  ten 5-mg port ions ranged i n  s i l v e r  content from 1.5 t o  15 
percent and i n  copper content from .015 t o  .05 percent ind ica t ing  t h e i r  
natura l  va r i a t i on  (Mosier, 1975). The concentration of other elements i n  
nuggets from the l o c a l i t y  ranged somewhat more widely than copper and s i l v e r ,  
even a f t e r  the homogenization treatment. S ign i f i can t l y  , however, the mean 
values fo r  most elements, including copper and s i l v e r  from 10 analyses o f  the 
natura l  sample, were almost the same as the mean values fo r  those elements on 
the homogenized sample, except fo r  elements removed by the ac id and heat 
treatment. 



Accuracy i s  much more d i f f i c u l t  t o  determine than p rec i s i on  because 
homogeneous go ld samples w i t h  known amounts o f  impu r i t i es  are no t  r e a d i l y  
ava i lab le .  However, standards prepared w i t h  known amounts o f  copper and 
s i l v e r  show the  method t o  be accurate w i t h i n  a f a c t o r  o f  two f o r  determinat ion 
o f  those elements (Mosier, 1975). 

One t e s t  f o r  r e l i a b l l  i t y  o f  the  method i s  comparison o f  f ineness on 
samples from l o c a l i t i e s  where la rge  l o t s  o f  gold have been analyzed f o r  the  
U.S. M in t  o r  banks o r  by commercial re f iners .  Compilations o f  go ld  f ineness 
data have been made by Smith (1941) and by Metz and Hawkins (1981). Also, the  
F i r s t  Nat ional  Bank i n  Fairbanks made ava i lab le  t o  us records o f  go ld  
purchases from 1903 t o  1937 from many Alaskan placer deposits. These 
compi lat ions show exce l len t  agreement f o r  some areas w i t h  each other,  and poor 
agreement i n  o ther  areas. The U.S. Geological Survey data, although acquired 
by analyses o f  r e l a t i v e l y  small samples, agree as we l l  as the data from those 
sources and are there fo re  r e l i a b l e  t o  the  extent permi t ted by na tu ra l  
v a r i a t i o n  o f  go ld  composition. 

DESCRIPTION OF DATA TABLES 

The a n a l y t i c a l  r e s u l t s  f o r  lode and p lacer  go ld  ( t ab le  3) are g iven i n  
weight percent and are presented by s i t e  numbers and go ld type which are keyed 
t o  t a b l e  1. The USGS-assigned sample number i s  g iven under "Sample." When 
s u f f i c i e n t  go ld  was ava i lab le  from a p a r t i c u l a r  s i t e ,  m u l t i p l e  analyses were 
made and the  r e s u l t s  are l i s t e d .  For t h i s  study, f ineness i s  def ined as: 

f ineness = Au w t %  x 1,000. 
Au wt% + Ag w t %  

The gold value was determined by difference, t h a t  i s :  
Au% = 100- (Ag% + XX) , 

where X% i s  the sum o f  elements other  than go ld  and s i l v e r .  I f  an element was 
not detected a t  the lower l i m i t  of detect ion, "--" was entered. The ac tua l  
weight i n  m i  11 igrams o f  the  go ld  sample analyzed i s  given under "smpl. w t .  " 
The values under r = Au/A~, Au/Cu, Ag/Cu, and r/Cu are a l l o y  r a t i o s  t h a t  are 
p a r t  o f  t he  go ld  s ignature (Antwei l e r  and Campbell, 1976). Because the 
corrected values shown i n  t ab le  3 are computer-generated data, these r e s u l t s  
of ten ca r r y  more d l g i t s  than are s i gn i f i can t .  The analysts d i d  no t  determine 
these values t o  the accuracy suggested by the ex t ra  numbers. 
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TABLE 1.--Index f o r  s i te ,  type o f  saq le ,  l o c a l i t y  name, and sample descr ip t ion  f o r  
l d e  gold and placer  gold from the Fairbanks mining d i s t r i c t ,  Fairbanks and 
Livengood quadrangles , A1 aska 

S i t e  Loca l i t y  name 
t y  Pe 

Sample descr ipt ion 

Scaf f ord m i  ne 
Vault Creek 
--Do------- 
--Do 
Dome Creek 
--Do ------- 
--Do ------- 
--Do------- 
Steamboat Creek 
--Do----------- 
Rainbow Lode 
--Do-------- 
--Do-------- 

concentrate grains. 
--Do-------- 
Skoogy Gulch, ve in  
--Do-------------- 
Louis Creek 
Last Chance Creek, I 
Last Chance Creek, I1 
Newsboy Mine 
--Do-------- 
--Do-------- 
Cleary Creek, lower 
--Do--------------- 
Cleary Creek, upper I 
--Do--- -- -- -- ---- ---- 
--Do----------------- 
Cleary Creek, upper I I 
--Do------------------ 

--Do------------------ 
concentrate; stained black 

--Do------------------ 
Cleary Hi 11 Lode, I 
--Do--------------- 

--Do--------------- 
concentrate. 

Cleary H i l l  Lode, I 1  
--Do---------------- 

--Do---------------- 
Bedrock Creek 
Chatham Creek, lower 
Chatham Creek, upper 

Unsorted gold. 
Minus 20-, p lus 60-mesh gold; nuggety, 3-0. 
Minus 20-, p lus 60-mesh gold; f l a t  but  not th in .  
Minus 60-, p lus 100-mesh gold. 
Unsorted go1 d. 
Plus 35-mesh gold; rus ty  color .  
Minus 35-mesh gold; shiny. 
Unsorted gold, rus ty  color.  
Gold treated w i th  HN03. 
Gold not t reated w i th  HN03. 
Unsorted gold. 
Plus 35-mesh gold. 
Unsorted gold m i  xed w i th  heavy-mineral - 
Unsorted gold; very shiny 
Unsorted gold. 
Gold w i th  some quartz inclusions. 
Unsorted go1 d. 
Unsorted gold. 
Unsorted go1 d. 
Sul f  ide-r ich gold ore. 
Gold from quartz vein. 
Gold from t a i l i n g s  p i l e .  
Unsorted go1 d. 
S i l ve r  colored botryoidal  mass-amalgam? 
Unsorted gold. 
White colored gold. 
Plus 20-mesh gold. 
Minus 20-mesh gold. 
Clean c rys ta l1  ine lode-1 i ke  gold. 
Plus 20-mesh gold; quartz. 
Plus 20-mesh gold; mixed w i t h  heavy-mineral 

and red. 
PIUS 20-wsh gold. 
Plus 20-mesh gold. 
Minus 20-, p lus  60-mesh gold. 
Minus 60-, p lus 100-mesh gold. 
Minus loo-, plus 160-mesh gold. 
M i  nus 160-mesh gold; mixed w i th  heavy-mi neral  

Unsorted go1 d. 
Minus 20-, p lus 60-mesh gold. 
Minus 60-, p l u s  100-mesh gold. 
MinuslOO-, p lus  160-mesh gold. 
Crys ta l l ine  gold; some par ts  white-amalgam? 
Unsorted gold.  
Unsorted gold. 



TAl3LE 1. - - a n t  inued 

Wolf Creek Unsorted gold. 
Chr is t ina  Vein Minus 60-mesh gold. 
--DO ---------- Plus 60-mesh gold. 
- -DO--- ---- -- .. Unsorted go1 d. 
American Eagle Vein Unsorted clean-looking gold. 
--DO---------------- Unsorted gold mixed w i th  heavy-mineral 

concentrate. 
McCarty Mine M i  nus 100-mesh gold. 
--o0-------- Plus 100-mesh gold. 
--DO-------- Unsorted go1 d. 
S t ra igh t  Moose Creek Minus 20-mesh gold; c r ink ly .  
--DO --------- ------- Plus 20-mesh gold; hackly, ragged, 

c rys ta l1  ine, 1 i t t l e  worn. 
--DO---------------- Minus 100-mesh gold. 
--D~---------------- Minus 100-mesh gold mixed w i th  heavy- 

mineral concentrate. 
Blue Bow Lode Unsorted gold. 
H i  Yu Mine, Ta i l ings  Unsorted go1 d.  
Hi  Yu Mine Unsorted gold mixed w i th  heavy-mineral 

concentrate 
Fairbanks Creek Unsorted go1 d. 
--DO----------- Unsorted gold mixed w$ t h  heavy-mineral 

concentrate. 
Fairbanks Creek, 

near Meehan Unsorted gold. 
Ester Creek Unsorted gold. 
Eva Creek Unsorted gold m i  xed w i th  heavy-mineral 

concentrate w i th  possible sulf ides. 
Ryan Lode Unsorted gold. 
Lookout Shear Zone Unsorted gold. 
S t .  Patr ick Lode Unsorted gold. 
--DO------------ Unsorted gold amalgamated lode gold; gold color.  
--DO------------ Unsorted amalgamated lode gold; white. 
--DO------------ Unsorted go1 d m i  xed w i th  heavy-mineral 

concentrate. 
--DO------------ Plus 60-mesh gold. 
--DO------------ Unsorted gold mixed w i th  heavy-mineral 

concentrate, some black sta in ing . 
Grant Mine Unsorted gold from mine dump. 
--DO------ Unsorted gold from quartz vein. 
Cl ipper Mine Plus 20-mesh gold. 
--DO -------- Plus 20-mesh gold; b r i g h t  shiny, f a i r l y  clean. 
--DO-------- Gold spheres. 
--DO-------- Minus 20-, p lus 60-mesh gold. 
--DO-------- Minus 60-mesh gold mixed w i th  some heavy- 

mineral concentrate. 
Ad1 er  Lode Unsorted gold. 
Engineer Creek Minus 20-, plus 60-mesh gold; 3-D grains, 

some l i t t l e  worn, others we1 1 worn. 
--DO---------- Minus 60-mesh gold. 
Goldstream Creek, lower Unsorted gold. 



TABLE 1--Conti nued 

Fox Creek 
--Do ----- 
--Do ----- 
Goldstream Creek, middle 
F i r s t  Chance Creek 
Pedro Creek 
--Do------- 
Pedro Creek a t  Pedro 

Monument 
Eveni ng S ta r  Creek - -00- ---------- --- 
--Do-------..------ 
--Do-------------- 
--Do-------------- 
Gilmore Creek, above 

Hi11 Creek 
--Do---------------- 
Nugget Creek, upper 
--Do--------------- 
Hi1 1 Creek 
--Do------ 
--Do ------ 
--Do------ 
Nugget Creek, middle 
--Do---------------- 
--Do--- -- -------- --- 
Nugget Creek, lower 
--Do--------------- 
Small wood Creek 
--Do----------- 
--Do----------- 
V i c t o r i a  Creek 
--Do ----- - ---- 
Ye1 low Pup Creek 
--Do------------ 
--Do------------ 

heavy-mi nera l  concentrate. 
F i sh  Creek 
--Do------ 
--Do------ 
--Do------ 
--Do------ 
--Do------ 
--Do------ 
Last Chance Gulch 

M i  nus 35-mesh gold; de l i ca te  blocky grains .  
Blocky nuggety grains.  
Plus 3 5 - 1 ~ s h  gold. 
Unsorted go1 d. 
Wires and 3-D gold. 
Minus 20-mesh gold. 
Plus 20-mesh gold. 

Unsorted gold. 
Plus 20-mesh gold. 
Minus 20-, p l us  60-mesh gold. 
Minus 60-, p l us  100-Kesh gold. 
Minus loo-, p lus  160-mesh gold. 
Minus 160-mesh gold. 

Very f i n e  gold. 
Plus 35-wsh gold. 
Minus 20-, p l us  60-mesh gold. 
Mlnus 60-mesh gold. 
Plus 20-mesh gold. 
Minus 20-, p l us  60-mesh gold. 
Minus 60-, p l us  100-IWS~ gold. 

Minus 20-, p l us  60-mesh gold. 
Minus 60-, p l us  100-mesh gold. 
Minus 100-mesh gold. 
Plus 35-mesh gold, not  worn. 
Minus 35-mesh gold. 
PIUS 20-msh gold. 
Minus 20-, p l us  60-mesh gold. 
Minus 100-mesh gold. 
Plus 35-wsh gold. 
Minus 35-mesh gold. 
Minus 60-mesh gold. 
Plus 60-mesh gold. 
Unsorted go ld  mixed w i t h  

Wires and i n t r i c a t e  shapes o f  gold. 
Plus 20-mesh gold; most ly f l a t .  
Plus 20-mesh gold; c r y s t a l  1 i ne. 
Minus 20-, p l us  60-mesh gold; f l a t .  
Minus 60-mesh gold. 
Plus 20-mesh gold; f l a t  very shiny. 
Possible s i l v e r  nugget? 
Unsorted go1 d. 



TABLE 2.--Lower limits of detemination for the spectrographic analyses of 
gold based on a 5 - q  sarple 

Elements Lower determination l i m i t  

Percent 

S i  1 ver (Ag) 
Copper (Cu) 
Zinc (Zn) 
Gal 1 i um (Ga) 
Lead (Pb) 
Arsenic (As) 
Antimony (Sb) 
Cadmium (Cd) 
Bismuth ( B i )  
Indium (In) 
Mercury (Hg) 
Tel lurium (Te) 
Nickel ( N i )  
Cobalt (Co) 
T in  (Sn) 
Molybdenum (Mo) 
Germani um (Ge) 
Platinum (Pt) 
Palladium (Pd) 
Barium (Ba) 
Strontium (Sr) 
Zirconium (Zr) 
Vanadium (V) 
Chromium (Cr) 
Yttrium ( Y )  
Lanthanum (La) 
Scandium (Sc) 
Nlobium (Nb) 
Boron (B) 
Tantalum (Ta) 
Beryl 1 ium (Be) 
Tungsten (W)  
Manganese (Mn) 
I r on  (Fe) 
Magnesium (Mg) 
Calcium (Ca) 
Titanium (Ti)  
S i l i con  (Si) 
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Fairbanks Gold D a t a - - C o n t i n u e d  

SiteType Au X F i n e n e s s  A q  X Sum X X Cu X Zn X P b  X As 1: Sb X C d X  8 1 %  Hn X T e  T. 
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