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INTRODUCTION 

Geochemical studies of Alaskan gold deposits were begun in 1984 as a 
joint study by the U.S. Geological Survey and the State of Alaska Division of 
Geological and Geophysical Surveys. The objectives of the study are (1) to  
characterize the deposits, (2) t o  determine relationships of gold in placer 
deposits t o  possible lode sources, (3) t o  identify possible sources of gold i n  
placer deposits, (4) t o  study processes of placer formation, (5) t o  contribute 
to  existing knowledge of the principles of prospecting for placer deposits, 
and (6) t o  determine i f  minerals associated w i t h  placer deposits might  suggest 
economic deposits of other metals. The purpose of th i s  report i s  to release 
both the analytical data and gold signatures for  placer and lode gold samples 
collected from placer and lode gold deposits from Anchorage, Charley River, 
Healy, Iditarod, Juneau, M t .  Hayes, M t .  McKinley, Oph i r ,  Ruby, and Talkeetna 
quadrangles, i n  Alaska. Gold signatures comprise the a1 loy proportions and 
ra t ios  of gold, s i lver ,  and copper, and the content of trace elements 
(Antwei 1 e r  and Campbell, 1976). 

W L I f f i  AND ANALYTICAL PROCEDURE 

Placer and lode gold samples were obtained from active claims i n  the 
Anchorage, Charley River, Healy, Idi tarod, Juneau, M t .  Hayes, M t  . McKinley , 
Opher, Ruby, and Tal keetna quadrangles, Alaska. For some local i t ies ,  miners 
provided us w i t h  sufficient amounts of sample for  analysis whereas for  other 
loca l i t ies  the samples were collected by the USGS. To determine whether 
differences in composition could be correlated w i t h  physical a t t r ibutes ,  some 
samples were sorted based on physical appearances. Some were sieved into two 
or  more size ranges; others were separated by color; and some were separated 
on the basis of other physical characteristics, e.g., rounded, angular, 
blocky, delicate,  etc. Descriptive information, when available, i s  included 
i n  table 1. If no descriptive information is  provided, the samples were 
generally small, and no sorting of individual grains was attempted prior t o  
analysis . 

A to ta l  of 182 emission spectrographic analyses using a technique 
described by Mosier (1975) were made on samples from 35 mines and prospects. 
These are the numbered s i t e s  on the sample locality map (fig.  1) and 
correspond t o  the locality index (table 1). The elements analyzed and the i r  
lower l imits of determination are l isted on table 2. Spectrographic resul ts  
were obtained by visual comparison of spectra derived from the sample against 
spectra obtained from standards made from pure oxides, graphite, and 99.999 
percent pure metallic gold. Pure A1 O3 was added to the standards and samples 6 as a co-disti l lation agent. Standar concentrations are geometrically spaced 
over any given order of magnitude of concentration as follows: 100, 50, 20, 
10, and so forth. Samples whose concentrations are estimated to  f a l l  between 
those values are assigned values of 70, 30, 15, and so forth. Standard 
concentrations are based on a 5-mg gold sample weight. Because of the 
particulate nature of native gold, i t  often was impossible to  weigh exact 5-mg 
portions for  analysis, and in many instances there was less than 5-mg o f  gold 
available for  analysis. Therefore, the reported concentration values (table 
2) are corrected t o  ref lect  a 5-mg sample weight by the following formula: 





EXPLANATION 

lo x 3' quadrangle covered in th i s  report showing 
‘+ quadrangle code, placer and 1 ode 1 ocal i ty 

Quadrangle code Mining d i s t r i c t  No. of NO of 
1' x 3' quadrangle local i t ies  analysis 

AN Anchorage 
CY Charley River 
HE Healy 
ID Idi  tarod 
JU Juneau 
MH Mt. Hayes 
MI4 M t .  McKinely 
OP Ophi r 
RB Ruby 
TL Tal keetna 

.l--Local i ty where placer gold/pl atinum sample col 1 ected 
x3--Locali ty where lode gold sample col lected 

-- ... 

Local i ty Index 

Quadrangle Code Local i ty . Quadrangle Code Local i ty 

AN.............. 1. W i  1 low Creek 
Coal Creek 
Bryn Mawr Creek 
Valdez Creek 
Snow Gulch 
Happy Creek 
Idaho nine 
Prince Creek 
Black Creek 
Otter Creek 
Granite Creek 
Ganeo Creek 
Golden Horn Mine 
Johnson Creek 
Gold Creek, I 
Gold Creek, I 1  
Gold Creek, I11 
A-J Glory Hole 
Treadwell Glory Hole 
Treadwell M i  11 

MH......... .. 

MM........... 

OP ........... 

RB.......... . 
TL....... .... 

Broxson Gulch 
North Fork Rainy Creek 
Rainy Creek 
Tertiaty Gravel. above 

Miller Gulch 
Quartz-Slate Creek area 
Glacier Creek a t  22 Gulch 
Yellow Pup Creek 
Stampede Creek 
Ophir Creek 
Spruce Creek, I 
Spruce Creek, I 1  
Anvil Creek 
Colorado Creek 
Solamon Creek 
Nugget Creek, Morgans 

upper bench 

Mining d i s t r i c t  where analytical results,  geochemical signatures, mineralogical 
data, and sample locality maps of the lode gold, placer gold, placer platinum, 
placer s l l  ver, and heavy -mineral concentrates are identified by U.S. Geological 
Survey Open-Fi l e  Reports. 

Open-Fi l e  Report Mining d i s t r i c t  No o f  No of samples 
number local i t ies  analysed 

A. ... 86-345 
. B... 88-443 .. C.. 87-330 

88-578 .. 0.. 88-676 
E.... 89-490 
F.... 89-451 
G . . . .  89-461 

Koyukuk-Chandalar 52 
Manley , Tofty , Eureka, Rampart 45 
To1 ovana 6 
To1 ovana 22 
Circle 5 1 
Fairbanks 54 
Fortymi l e  31 
Bonni f i el d 27 

20-8 



reported concentration value = determined value x 5 mcJ 

sample weight in mg 

As a resul t ,  some values reported in table 3 are smaller than the normal lower 
limit of determination (table 2) i f  the sample weight was >5 mg. 

The trace-element content of natural gold varies greatly from grain t o  
grain as well as from deposit to  deposit and t h i s  creates a problem in 
determining the precision and accuracy of the analysis. Studies using 
a r t i f  i c i  a1 standards show that the precision of the analytical method exceeds 
by a t  least  a factor of ten the natural variance of trace elements i n  native 
gold (Mosier, 1975). Accuracy i s  much more d i f f icu l t  to  detemine than 
precision because the analytical recovery of targe elements varies w i t h  sample 
matrices. Standards prepared with known amounts of copper and s i lver  show the 
method t o  be accurate w i t h i n  a factor of two for  determination of those 
elements (Mosier, 1975) over concentration ranges relative t o  this study. 

RELIABILITY OF 60LD ANALYSES 

Differences i n  the composition of native gold from different geological 
sett ings can be readily distinguished using the analytical procedures i f  
enough analyses are made t o  ascertain the magnitude of natural variations i n  
gold samples from a given geological setting (Mosier, 1975). In this study, 
f ive  or  more spectrographic analyses of sample from a single sample s i t e  were 
required t o  obtain a rel iable  signature. However, i n  the context of many 

, other analyses from th i s  d i s t r i c t ,  a single analysis i s  s t i l l  of value. 
The composition of native gold varies considerably (for example, see Gay, 

1963; Jones and Fleischer, 1969). Variations i n  composition are present even 
from point t o  point w i t h i n  the same grain (Desborough, 1970). Native gold in  
oxidized zones and i n  associated placers generally contains lesser amounts of 
s i lver  and other elements compared w i t h  the native gold i n  the corresponding 
primary deposits; w i t h i n  some deposits, single particles of native gold are 
relat ively homogeneous, b u t  in other deposits single particles of native gold 
are heterogeneous (Boyle, 1979). Even when single gold grains are known t o  be 
heterogeneous, gold compositional data are useful i n  characterizing conditions 
of ore deposition and are often distinctive for mines, d i s t r i c t s ,  or 
regions. Moreover, they are useful in determining the relationships of gold 
i n  placer deposits t o  possible lode sources, and i n  meeting the other 
objectives stated i n  the introductory section of th i s  report. 

The natural variabili ty of composition for Ag and Cu i n  gold from a 
single local i t y  was determined by repeatedly analyzing portions of individual 
nuggets (Mosier, 1975; Antweiler and Campbell, 1987). The s i lver  content of 
portions of one such nugget ranged from 4.7 to 8.1 percent i n  four analyses 
w i t h  a mean s i lver  content of 5.7 percent and the copper content of th i s  
nugget ranged from .048 t o  .08 percent with a mean copper content of .062 
percent. Rep1 icate analyses of portions of another nugget from the same 
locality showed si lver  content ranging from 18.9 t o  19.8 percent, a mean 
s i lver  content of 19.3 percent and copper content ranging from .038 t o  .055 
percent, a mean of ,047 percent. These results indicate considerable natural 
variabili ty.  Another nugget from the same locality was washed w i t h  
hydrof luoric acid to  remove surface coatings, then heated to  1300°C for  30 
minutes to  homogenize s i lver  and copper content. Replicate analyses of ten 
5-mg portions of that  nugget showed excellent precision: 10 percent s i lver  
and 0.05 percent copper. Without acid washing and heat treating, analyses of 



ten  5-mg port ions o f  a s im i la r  untreated nugget showed ranges i n  s i l v e r  
content from 1.5 t o  15 percent and copper content ranges from .015 t o  .05 
percent (Mosiar, 1975). The concentration o f  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 ve r ,  even a f te r  
the homogenization treatment. S ign i f icant ly ,  however, the mean values f o r  
most elements, inc luding copper and s i l v e r  from 10 analyses of the natural  
sample, were almost the same as the mean values f o r  those elements on the 
homogenized sample, except f o r  elements removed by the acid and heat 
treatment. 

One t e s t  f o r  r e l i a b i l i t y  o f  the method i s  comparison o f  fineness on 
samples from l o c a l i t i e s  where large l o t s  o f  gold have been analyzed f o r  the 
U.S. Min t  o r  banks o r  by commercial ref iners.  Compilations o f  Alaska gold 
fineness data have been made by Smith (1941), Mett and Hawkens (1981), and i n  
unpublished data on f i l e  i n  the Fairbanks o f f i c e  o f  the F i r s t  National Bank. 
These compilations show excel lent  agreement f o r  some areas w i t h  each other and 
poor agreement i n  other areas. The U.S. Geological Survey data, although 
acquired by analyses of r e l a t i v e l y  small number o f  samples appear t o  be as 
accurate as the data from those sources and are, therefore, r e l i a b l e  t o  the 
extent permitted by natural  va r ia t ion  of gold composition. 

DESCRIPTION OF DATA TABLES 

The ana ly t i ca l  resu l t s  f o r  lode and placer gold ( tab le  3) are given i n  
weight percent and are presented by s i t e  numbers and gold type which are keyed 
t o  t ab le  1. The USGS-assigned sample number i s  given under "Sample." When 
s u f f i c i e n t  gold was avai lable from a pa r t i cu l a r  s i te ,  mu l t ip le  analyses were 
made and the resu l t s  are l i s ted.  For t h i s  study, fineness i s  defined as: 

fineness = Au w t %  x 1,000. 
Au w t %  + Ag w t %  

The gold value was determined by 'difference, t ha t  is :  

where X% i s  the sum of elements other than gold and s i l ve r .  If an element was 
not  detected a t  the lower l i m i t  of detection, 'I--" was entered. The actual  
weight i n  mil l igrams of the gold sample analyzed i s  given under "smpl. wt.It 
The values under r = Au/Ag, Au/Cu, Ag/Cu, and r/Cu are a l l oy  r a t i o s  tha t  are 
part of the gold signature (Antweiler and Campbell, 1976). Because the 
corrected values shown i n  tab le  3 are computer-generated data, these resu l t s  
of ten carry more d i g i t s  than are s ign i f icant .  The analysts d i d  not determine 
these values t o  the accuracy suggested by the extra numbers. 

OTHER PUBLICATIONS 

Other U.S. Geological Survey pub1 icat ions showing p r i nc i pa l l y  ana ly t i ca l  
resu l ts ,  geochemical signatures, mineralogical data, and sample l o c a l i t y  maps 
of placer/ lode gold and heavy-mi neral concentrates from other gold mining 
d i s t r i c t s  i n  Alaska are: 
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TABLE 1.--Index for quadrangle, si te ,  type o f  saqle, l o c a l i t y  name, and sample 
description for lode gold and p l ace r  gold from t h e  Anchorage, Charley River, Healy, 
Iditarod, Juneau, W. Hayes, H t ,  M i n l e y ,  Ophir, Ruby, and Talkeetna quadrangles, 
Alaska 
- - - .- - - ~ - -  - 

Quadrangle S i t e  Local i ty  name Sample desc r ip t i on  
name type  

Anchorage 
1.01 
1.02 
1.03 

Charley River  
1.01 

Healy 
1.01 
2 .01 

I d i t a r o d  
1 .O1 
1.02 
1.03 
1.04 

Mil low Creek Unsorted go1 d. 
--DO-------- Delicate podiform white t ipped g r a i n s  of gold. 
--DO-------- Plus 20-mesh gold; de l  i c a t e  i n t r i c a t e  g ra in s .  
--DO-------- Minus 60-, p lu s  100-mesh gold. 
--DO-------- Minus 100-mesh gold. 

Coal Creek Unsorted go1 d. 

Bryn Maw Creek Unsorted gold. 
Valdez Creek Unsorted go1 d . 
Snow Gulch Minus 20-, p lu s  60-mesh gold, 
-..DO------ Minus 60-, p l u s  100-mesh gold. 
--DO------ Mi nus 100-mesh go1 d. 
--DO------ Minus 20-, p lus  60-mesh gold; very t h i n  f l a t  

f 1 akes. 
--DO------ Minus 20-, p l u s  60-mesh gold; nuggety blocky 

grains .  
Happy Creek Plus 20-mesh gold. 
--DO------- Minus 20-, p l u s  61)-mesh gold. 
--DO------- Crystal1 ine  aggregate gold. 
--DO------- Crystal  1 ine gra ins .  
Idaho Mlne Plus 20-mesh gold; angular ,  shiny. 
--DO------ Minus 20-, p lus  60-mesh gold. 
Pr ince Creek Plus 20-mesh gold; f l a t  t h i n  f lakes ,  
--DO-------- Minus 20-, p l u s  60-mesh gold. 
--DO-------- Plus 20-mesh gold; gray s t a i n s ,  t i n y  

accretions of gold on surface.  
--Do-------- Minus 20-, p l u s  60-mesh gold; white  to s i l v e r  

ma1 gam? 
--DO-------- Minus 20-, p lus  60-mesh gold; copper colored 

gra ins .  
Black Creek Unsorted go1 d. 
Otter Creek F l a t  g r a in s  of gold. 
--DO------- MI nus 20-mesh gold. 
Grani te  Creek Plus 20-mesh gold. 
--DO--------- Minus 20-, p lus  60-mesh gold. 
--DO --------- Blocky, somewhat c r y s t a l  l ine gold. 
--DO--------- F la t tened wires of gold. 
Ganes Creek Whitish gold; amalgam? 
Golden Horn Lode 

stockpi le Minus 20-, p l u s  60-mesh g o l d ,  
--DO------------ Minus 60-, p lus  100-mesh gold. 
--DO------------ Minus loo-, p lus  160-mesh gold. 
--DO------------ Minus 160-mesh gold. 



r TABLE 1,--continued. 

- Quadrangle Si te  Locality name Sample description 
name type 

Juneau 
1.01 
2 -01 
3.01 

7.01 
Ut. Hayes 

1 .O1  
2 .O1 

Mt. McKinley 
1.01 

1.01 
1.02 
1.03 
2.01 
3.01 
4.01 
5.01 

Ruby 
1.01 

Tal keetna 
1 .O1  

Johnson Creek 
Gold Creek, I 
Gold Creek, 11, 

right fork 
Gold Creek, 111 
A-J Glory Hole 
--Do ---------- 
--Do---------- 
Treadwell Glory 

Hole 
Treadwell Mi1 1 

Unsorted go1 d. 
Unsorted gold. 

Unsorted gold. 
Unsorted gold. 
Minus 35-, plus 100-mesh gold. 
Plus 35-1~sh gold* 
Unsorted gold. 

Unsorted go1 d . 
Unsorted gold. 

Broxson Gulch Unsorted gold. 
North Fork 

Rainy Creek Unsorted gold. 
Rainy Creek Plus 35-mesh gold; nuggets. 
--DO------- Flat grains of gold. 
--DO------- Grains of platinum. 
Tert i ary gravel , 

above Miller 
Gulch Unsorted gold. 

Quartz-sl ate 
Creek area Unsorted gold. 

G 1 aci er Creek 
a t  22 Gulch, 
a t  cabin Plus 35-mesh gold; d i r ty  gold. 

--DO---------- Unsorted go1 d. 
--DO---------- Unsorted gold; somewhat dirty. 
--Do---------- Plus 35-msh gold.  
Yellow Pup 

Creek Gold crystals. 
Stampede Creek, 

below Stampede 
Mine Unsorted go1 d . 

Oph i r Creek Minus 20-mesh gold. 
--DO------- Plus 20-mesh gold. 
--DO ------- Minus 100-mesh gold. 
Spruce Creek, I Unsorted gold. 
Spruce Creek, I 1  Unsorted gold. 
Anvil Creek Unsorted gold. 
Colorado Creek Unsorted gold. 

Solomon Creek Unsorted gold. 

Nugget Creek, 
Morgans upper 
bench cut Flattened grains o f  gold. 
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TABLE 2.--Lower l i m i t s  o f  determination for the spectrographic analyses of 
gold based on a 5-tng saaple 

Elements Lower determination 1 i m i t  

S i lver  (Ag) 
Copper (Cu) 
Zinc (Zn) 
Gallium (Ga) 
Lead (Pb) 
Arsenic (As) 
Antimony (Sb) 
Cadmium (Cd) 
Bismuth (Bi) 
Indium (In) 
Mercury (Hg) 
Tellurium (Te) 
Nickel ( N i )  
Cobalt (Co) 
Tin (Sn) 
Molybdenum (Mo) 
Germanium (Ge) 
Platinum (P t )  
Pal 1 adium (Pd) 
Barium (Ba) 
Strontium (Sr )  
Zirconium (Zr) 
Vanadium (V) 
Chromi urn (Cr ) 
Yttrium (Y)  
Lanthanum (La) 
Scandium (Sc) 
Niobium (Nb) 
Boron (8) 
Tantal urn (Ta) 
Beryll ium (Be) 
Tungsten (W) 
Manganese (Mn) 
I ron (Fe) 
Magnesium (Mg) 
Calcium (Ca) 
Titanium (Ti ) 
S i l i con  ( S i )  

Percent 

0.001 
.0005 
,005 
.0002 . om2 
.005 
-002 
.0002 
.ow2 
.Om5 
.002 
.005 
.OW5 
.OM5 
,0005 
.OW5 
.OM5 
.001 
.om2 
.OW5 
.01 
.0005 
.001 
,001 
.OW5 
-002 
-000 5 
.001 
.0005 
.005 
.0001 
.005 
.0001 
.001 
.0005 
.001 
.001 
.om2 
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